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CHAPTER 5. ESTIMATING RADIANT HEAT FLUX
FROM FIRE TO A TARGET FUEL

5.1 Objectives

This chapter has the following objectives:

. Introduce the three modes of heat transfer.

. Explain how to calculate the heat flux from a flame to a target outside the flame.

. Discuss point source radiation models and solid flame radiation models.

. Identify the difference between solid flame radiation models at ground level and solid flame

radiation models above ground level with and without wind.

. Define relevant terms, including, conduction, convection, radiation, heat flux, emissive power,
and configuration factor.

5.2 Introduction

Fire normally grows and spreads by direct burning, which results from impingement of the flame
on combustible materials, or from heat transfer to other combustibles by means of conduction,
convection, or radiation. All three of these modes of heat transfer may be significant, depending
on the specifics of a given fire scenario. Conduction is particularly important in allowing heat to
pass through a solid barrier (e.g., fire wall) to ignite material on the other side. Nevertheless, most
of the heat transfer in fires typically occurs by means of convection and/or radiation. In fact, it is
estimated that in most fires, approximate 70-percent of the heat emanates by convection (heat
transfer through a moving gas or liquid). Consider, forexample, a scenario in which a fire produces
hot gas which is less dense than the surrounding air. This hot gas then rises, carrying heat. The
hot products of combustion rising from a fire typically have a temperature in the range of
800-1,200 °C (1,472-2,192 °F) and a density that is one-quarter that of ambient air. In the third
mode of heat transfer, known as radiation, radiated heat is transferred directly to nearby objects.
One type of radiation, known as thermal radiation, is the significant mode of heat transfer for
situations in which a target is located laterally to the exposure fire source. This would be the case,
for example, for a floor-based fire adjacent to an electrical cabinet or a vertical cable tray in a large
compartment. Thermal radiation is electromagnetic energy occurring in wavelengths from 2 to
16 um (infrared). Itis the net result of radiation emitted by the radiating substances such as water
(H,O), carbon dioxide (CO,), and soot in the flame.

Chapter 2 discussed various methods of predicting the temperature of the hot gas layer and the
height of the smoke layerin a room fire with natural or forced ventilation. However, those methods
are not applicable when analyzing a fire scenario in a very large open space or compartment.
In large spaces, such as the reactor building in a boiling water reactor (BWR) or an open space in
a turbine building, the volume of the space is too large for a uniform hot gas layer to accumulate.
For such scenarios, fire protection engineers must analyze other forms of heat transfer, such as
radiation. A floor-mounted electrical cabinetis an example of a ground-level target. A typicaltarget
above ground level is an overhead cable tray.
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5.3  Critical Heat Flux to a Target

Radiation from a flame, or any hot gas, is driven by its temperature and emissivity. The emissivity
is a measure of how well the hot gas emits thermal radiation (emissivity is defined as the ratio of
radiant energy emitted by a surface to that emitted by a black body of the same temperature).
Emmisivity is reported as a value between 0 and 1, with 1 being a perfect radiator. The radiation
that an observer feels is affected by the flame temperature and size (height) of the flame.

The incident heat flux (the rate of heat transfer per unit area that is normal to the direction of heat
flow. Itis a total of heat transmitted by radiation, conduction, and convection) required to raise the
surface of a target to a critical temperature is termed the critical heat flux. Measured critical heat
flux levels for representative cable samples typically range from 15 to 25 kW/m? (1.32 to 2.2 Btu/ft*-
sec). Forscreening purposes, itis appropriate to use value of 10 kW/m? (0.88 Btu/ft*>-sec) for IEEE-
383 qualified cable and 5 kW/m? (0.44 Btu/ft’-sec) for IEEE-383 unqualified cable. These values
are consistent with selected damage temperatures for both types of cables based on the Electrical
Power Research Institute (EPRI), “Fire-Induced Vulnerability Evaluation (FIVE),” methodology.

Researchers have developed numerous methods to calculate the heat flux from a flame to a target
located outside the flame. Flames have been represented by cylinders, cones, planes, and point
sources in an attempt to evaluate the effective configuration factors' between the flame and the
target. Available predictive methods range from those that are very simple to others that are very
complex and involve correlations, detailed solutions to the equations of radiative heat transfer, and
computational fluid mechanics. Routine FHAs are most often performed using correlationally based
approaches, because of the limited goals of the analyses and the limited resources available for
routine evaluation. As a result of their widespread use, a great deal of effort has gone into the
developmentofthese methods. Burning rates, flame heights, and radiative heat fluxes are routinely
predicted using these approaches.

Fire involving flammable and combustible liquids typically have higher heat release rates (for the
same area of fuel involved) than ordinary combustibles fires. The flame from a liquid fire is typically
taller, making it a better radiator. Hydrocarbon liquid fires are also quite luminous because of the
quantity of soot in the flames. Sooty fires are better emitters of thermal radiation. Thus, an
observer approaching a flammable/combustible liquid fire feels more heat than an observer
approaching an ordinary combustibles fire of comparable size.

The methods presented in this chapter are drawn from the SFPE Handbook of Fire Protection
Engineering, 3" Edition, 2002, which examines the accuracy of these methods by comparisons
with available experimental data (these methods also presented in the SFPE Engineering Guide,
“Assessing Flame Radiation to External Targets from Pool Fires,” June 1999).

The configuration factor is a purely geometric quantity, which gives the fraction of the radiation
leaving one surface that strikes another surface directly.
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5.3.1 Point Source Radiation Model

A point source estimate of radiant flux is conceptually the simplest representation configurational
model of a radiant source used in calculating the heat flux from a flame to target located outside
the flame. To predict the thermal radiation field of flames, it is customary to model the flame based
on the point source located at the center of a flame®. The point source model provides a simple
relationship that varies as the inverse square of the distance, R. For an actual point source of
radiation or a spherical source of radiation, the distance R is simply the distance from the point or
from the center of the sphere to the target.

The thermal radiation hazard from a fire depends on a number of parameters, including the
composition of the fuel, the size and the shape of the fire, its duration, proximity to the object at risk,
and thermal characteristics of the object exposed to the fire. The point source method may be used
for either fixed or transient combustibles. They may involve an electrical cabinet, pump, liquid spill,
orintervening combustible at some elevation above the floor. For example, the top of a switchgear
or motor control center (MCC) cabinetis a potential location for the point source of a postulated fire
in this type of equipment. By contrast, the point source of a transient combustible liquid spill or
pump fire is at the floor.

The point source model assumes that radiant energy is released at a point located at the center of
the fire. The radiant heat flux at any distance from the source fire is inversely related to the
horizontal separation distance (R), by the following equation (Drysdale, 1998):

e KO
= (5-1)
LS

Where:
" = radiant heat flux (kW/m?)

() = heat release rate of the fire (kW)

R = radial distance from the center of the flame to the edge of the target (m)
x, = fraction of total energy radiated

In general, y, depends on the fuel, flame size, and flame configuration, and can vary from
approximately 0.15 for low-sooting fuels (e.g., alcohol) to 0.60 for high sooting fuels (e.g.,
hydrocarbons). For large fires (several meters in diameter), cold soot enveloping the luminous
flames can reduce y, considerably. See Figure 5-1 for a graphic representation of the relevant
nomenclature.

More realistic radiator shapes give rise to very complex configuration factor equations.
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Ground Level

Figure 5-1 Radiant Heat Flux from a Pool Fire
to a Floor-Based Target Fuel (Point Source Model)

The HRR of a fire can be determined by laboratory or field testing. In the absence of experimental

data, the maximum HRR for the fire (3], is given by the following equation (Babrauskas, 1995):

Q= m"AH, A4 (1- e ™) (5-2)

Where:
() = heat release rate of the fire (kW)

" = burning or mass loss rate per unit area per unit time (kg/m?-sec)
AH, . = effective heat of combustion (kJ/kg)

A, = horizontal burning area of the fuel (m?)

kB= empirical constant (m™)

D = diameter of burning area (m)

For non-circular pools, the effective diameter is defined as the diameter of a circular pool with an
area equal to the actual pool area, given by the following equation:

D= ﬁ (5-3)
g
Where:
A, = surface area of the non-circular pool (m?)

D = diameter of the fire (m)
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5.3.2 Solid Flame Radiation Model with Target At and Above Ground Level

The solid flame spreadsheet associated with this chapter provides a detailed method for assessing
the impact of radiation from pool fires to potential targets using configuration factor algebra. This
method covers a range of detailed calculations, some of which are most appropriate for first order
initial hazard assessments, while others are capable of more accurate predictions.

The solid flame model assumes that, (1) the fire can be represented by a solid body of a simple
geometrical shape, (2) thermal radiation is emitted from its surface, and, (3) non-visible gases do
not emit much radiation. (See Figures 5-2 and 5-3 for general nomenclature.) To ensure that the
fire volume is not neglected, the model must account for the volume because a portion of the fire
may be obscured as seen from the target. The intensity of thermal radiation from the pool fire to
an element outside the flame envelope for no-wind conditions and for windblown flames is given
by the following equation (Beyler, 2002):

q" = ER,, (5-4)
Where:
f" = incident radiative heat flux (kW/m?)

E = average emissive power at flame surface (kW/m?)
F,.,= configuration factor

Radiation
Receiving
Target

Ground Level

Figure 5-2 Solid Flame Radiation Model with No Wind
and Target at Ground Level
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Figure 5-3 Solid Flame Radiation Model with No Wind
and Target Above Ground

5.3.2.1 Emissive Power

Emissive power is the total radiative power leaving the surface of the fire per unit area per unittime.
Emissive power can be calculated using of Stefan’s law, which gives the radiation of a black body
in relation to its temperature. Because a fire is not a perfect black body (black body is defined as
a perfect radiator; a surface with an emissivity of unity and, therefore, a reflectivity of zero),
the emissive power is a fraction (¢) of the black body radiation (Beyler, 2002):

E=¢z o T
(5-5)

Where:
E = flame emissive power (kW/m?)
¢ = flame emissivity
o = Stefan-Boltzmann constant = 5.67 x 107" (kW/m?-K*)
T = temperature of the fire (K)
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The use of the Stefan-Boltzmann constant to calculate radiation heat transfer requires knowledge
of the temperature and emissivity of the fire; however, turbulent mixing causes the fire temperature
to vary. Consequently, Shokri and Beyler (1989) correlated experimental data of flame radiation
to external targets in terms of an average emissive power of the flame. For that correlation, the
flame is assumed to be a cylindrical, black body, homogeneous radiator with an average emissive
power. Thus, effective power of the pool fire in terms of effective diameter is given by:

E =58 (100008230 (5-6)

Where:
E = flame emissive power (kW/m?)
D = diameter of pool fire (m)

This represents the average emissive power over the whole of the flame and is significantly less
than the emissive power that can be attained locally. The emissive power is further reduced with
increasing pool diameter as a resultof the increasing prominence of black smoke outside the flame,
which obscures the radiation from the luminous flame.

For non-circular pools, the effective diameter is defined as the diameter of a circular pool with an
area equal to the actual pool area given by Equation 5-3.

5.3.2.2 Configuration Factor F,_, under Wind-Free Conditions

The configuration factor® is a purely geometric quantity, which provides the fraction of the radiation
leaving one surface that strikes another surface directly. In other words the configuration factor
gives the fraction of hemispherical surface area seen by one differential element when looking at
another differential element on the hemisphere.

The configuration factor is a function of target location, flame size (height), and fire diameter, and
is a value between 0 and 1. When the target is very close to the flame, the configuration factor
approaches 1, since everything viewed by the target is the flame. The flame is idealized with a
diameter equal to the pool diameter, D, and a height equal to the flame height, H,. If the pool has
a length-to-width ratio near 1, an equivalent area circular source can be used in determining the
flame length, H,, for non-circular pools. (See Figure 5-4 and 5-5 for general definitions applicable
to the cylindrical flame model under wind-free conditions.)

3 The configuration factor is also commonly referred to as the “view factor”.
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Vertical Target

Horizontal Target

Figure 5-4 Cylindrical Flame Shape Configuration Factor Geometry
for Vertical and Horizontal Targets at Ground Level with No Wind

> >

Figure 5-5 Cylindrical Flame Shape Configuration Factor Geometry
for Vertical and Horizontal Targets Above Ground with No Wind
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Flame height of the pool fire is then determined using the following correlation (Heskestad, 1995):

2
= 5
H, =0235 Q- 102 D (5-8)
Where:
H; = flame height (m)
() = heat release rate of the fire (kW)
D = diameter of the burning area (m)

The HRR of the fire can be determined by laboratory or field testing. In the absence of
experimental data, the maximum HRR for the fire Qs given by Equation 5-2.

The radiation exchange factor between a fire and an element outside the fire depends on the shape
of the flame, the relative distance between the fire and the receiving element, and the relative
orientation of the element. The turbulent diffusion flame can be approximated by a cylinder. Under
wind-free conditions, the cylinder is vertical (Figure 5-4). If the targetis either at ground level or at
the flame height, a single cylinder can represent the flame. However, if the target is above the
ground, two cylinders should be used to represent the flame.

For horizontal and vertical target orientations at ground level with no-wind conditions, given the
diameter and height of the flame, the configuration (or view factor) F,_, under wind-free conditions
is determined using the following equations related to cylindrical radiation sources (Beyler, 2002):

E..g=
(5-9)

e :..'53 -1 3 |IS+1:]
sy = 5-10
1 Ah ., [(A+DE-D) (5-10)
- taty
xSafa -1 (- 1)[E+1)
Where:
H=h‘+S'+1, B=1+S_
23 23
g dl e aHE
D D
And:

L = the distance between the center of the cylinder (flame) to the target (m)
H; = the height of the cylinder (flame) (m)
D = the cylinder (flame) diameter (m)
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The maximum configuration factor (or view factor) at a point is given by the vectorial sum of the
horizontal and vertical configuration factors:

2
Fi—}ﬁ,max(nl:- wind ) 1/1—>2,H+Fi->zv (5-11)

As previously stated, for targets above the ground, two cylinders should be used to represent the
flame. In such instances, one cylinder represents the flame below the height of the target, while
the other represents the flame above the height of the target (See Figure 5-5). Thus, the following
expressions are used to estimate the configuration factor (or view factor) under wind-free conditions
for targets above ground level:

Baaw = (5-12)
Ahy LA+ 1HE-1)
TS A —1 (A - LiE+ 1
Where
L
=5
2H
e
h +5 +1
& =
1 h h i5—=11
—.tan'l[ 2 J——jtanl +
T3 Jedo) o ms (3410
Foaw = (5-13)
.l.ll:".l.jhg t '.l.'l:".l.2+]."s_1'
e 4%3_1 (A, —1iE+1)
Where
2L
)
2H
ks
hi+5 +1
& 25
And:

L = the distance between the center of the cylinder (flame) to the target (m)
H, = the height of the cylinder (flame) (m)
D = the cylinder (flame) diameter (m)

The total configuration factor or (view factor) at a point is given by the sum of two configuration
factor as follows:

B vime—win) = Bz + Fozvs (5-14)
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5.3.2.3 Configuration Factor F,_, in Presence of Wind

As discussed in pervious section, in the solid flame radiation model the turbulent flame is
approximated by a cylinder. Under wind-free conditions, the cylinder is vertical, in the presence of
wind, the flame may notremain vertical and thermal radiation to the surrounding objects will change
in the presence of a significant wind. The flame actually follows a curved path and makes an angle
of tilt or an angle of deflection approximate to its curved path. Figures 5-6 and 5-7 describe the
flame configuration in presence of wind velocity (u,) for target at and above ground level.

Tilted Flame

Radiation [..
. Receiving|-.
T~ Target |-

P

AN

\
\
- L

Figure 5-6 Solid Flame Radiation Model in Presence of Wind
and Target Above Ground Level

Tilted Flame

— AN
J He
— Radiation
\ N S Receiving
AN N . Target

Y

Figure 5-7 Solid Flame Radiation Model in Presence of Wind
and Target at Ground Level
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For horizontal and vertical target orientations at ground level in presence of wind, the expression
for estimating the configuration factors is expressed by the following equations (Beyler, 2002):

g 5
bh+1 3

pap-l_tb—1 _33+|h+1u —2nb+1+ahsin6|tan_lf .h—1.+

TF,ap = m/B* -1 JAB Bilib+1)
-

sinert _lah—lhg—llsinﬁ : _1|h2—1|5in5 (5-15)
atl +tan  —Y—em————

'u"'lEa Jh? 14T th_lﬁ )

¢

acost aj+|h+112—2h|1+asin5|tan_1\/ﬁ nh—1|+\
h—asnd AR BYib+1

cozE lah—lb:‘—llsine 1|h3—1|sin6
T ay = tan” +tan” = 5.16
N Jb? - 14C b?-1.JC (5-16)
acosd 1 Jh=1
b—amn®) = Yb+1
k" a st g + J
Where:
.
r
o
r
A =a'+(b +1] =2a/b+1)5ne
B=a'+b 1] —2a(b—1)dn6
C=1+ib"—1|cos' @
And:

H; = the height of the tilted cylinder (flame) (m)

r = the cylinder (flame) radius (m)

R = distance from center of the pool fire to edge of the target (m)
6 = flame title or angle of deflection (radians)

The maximum configuration factor for a target at ground level in the presence of wind at a point
is given by the vectorial sum of the horizontal and vertical configuration factors:

E

1o 2 proetorind ) \/

Ff—}E,H +FQ

s 2w (5-17)
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For targets above the ground in presence of wind, two cylinders must be used to represent the
flame. In such instances, one cylinder represents the flame below the height of the target, while
the other represents the flame above the height of the target. The following expressions are used
to estimate the configuration or view factor in presence of wind for targets above ground level:

¢

a cosd alg+lh+1'2—2b|1+alsin6| o1 JAg b =1 }
. fan ° | — +
b—aan8 AR B fih+1

EDSE[ lalb—lbg_llsiﬂe
tan” + tan

TF 0w =
e NENNG o 1iC

& cos6 . b1
kuh—alsmElu b +1

¢

+ tan

T oy =
BRI JoP -14C Jb? - 1.fC

a,c0s0 1 b1

— fah
| (h—a,sn8 b+1

Where:

And:

_2Hy Z2H
t t

e 2Hy = E(Hf_ Hﬂ:'

b

T I

= |

Ay=a+(b +1] ~2a o+ dnd

Ay= g+t +1] - 2a,[b +1) sin@

By- o'+ (b 1] ~2u(b-1)sine

By=a '+t —1] —2a,(t—1)sin®

C=1+b" -1lcos’ @

H, = H,, = vertical distance of target from ground level (m)
H, = the height of the tilted cylinder (flame) (m)
r = the cylinder (flame) radius (m)

R = distance from center of the pool fire to edge of the target (m)

0 = flame title or angle of deflection (radians)
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The total configuration or view factor at a point is given by the sum of two configuration factors,
as follows:

B, 2, Wwind) — k. aa T I 2wz (5-20)

In presence of wind, the expression for estimating flame height is expressed by the following
correlation, based on the experimental data (Thomas, 1962):

0.67
H, = 55D (L] (w7 (5-21)
PanfED
Where:
D = diameter of pool fire (m)
11" = mass burning rate of fuel (kg/m?-sec)
p, = ambient air density (kg/m®)
g = gravitational acceleration (m/sec?)
u* = nondimensional wind velocity

The nondimensional wind velocity is given by:

. 11
p'e —= (5-22)

[252)
Je
Where:

u* = nondimensional wind velocity
u, = wind speed or wind velocity (m/sec)
g = gravitational acceleration (m/sec?)

m" = mass burning rate of fuel (kg/m?*-sec)
D = diameter of pool fire (m)
p = density of ambient air (kg/m®)

The correlation relating to angle of tilt or angle of deflection (0), of the flame from the vertical
are expressed by the following equations based on the American Gas Association (AGA) data:

C05E|=::1 for u' =1

: (5-23)
COSE‘={— for 1w =1

o’

Where:
6 = angle of tilt or angle of deflection (radians)
u* = nondimensional wind velocity
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5.4 Method of Estimating Thermal Radiation from Hydrocarbon Fireball

For industrial processes, many substances that are gases at ambient conditions are stored in
container or vessel under pressure in a saturated liquid/vapor form. A rupture of a such vessel will
result in a violent incident as the liquid expands into its gaseous form. This phase change forms
blast waves with energy equivalent to the change in internal energy of the liquid/vapor; this
phenomenon is called the BLEVE. BLEVE is an acronym of Boiling Liquid, Expanding Vapor
Explosion. National Fire Protection Association (NFPA), defined a BLEVE as the failure of a major
container into two or more pieces, occurring at a moment when the contained liquid is at
temperature above its boiling point at normal atmospheric pressure. Typically, a BLEVE occurs in
a metal container that has been overheated above 538 °C (1,000 °F) (Nolan 1996). The metal may
not be able to withstand the internal stress and therefore failure occurs. The contained liquid space
of the vessel normally acts as a heat absorber, so the wetted portion of the container is usually not
atrisk, only the surfaces of the internal vapor space. Most BLEVEs occur when containers are less
than %2 to ' full of liquid.

A container can fail for a number of reasons. It can be damaged by impact from an object, thus
causing a crack to develop and grow, either as a result of internal pressure, vessel material
brittleness, or both. Thus, the container may rupture completely after impact. Weakening the
container’'s metal beyond the point at which it can withstand internal pressure can also cause large
cracks, or even cause the container to separate into two or more pieces. Weakening can result
from corrosion, internal overheating, or manufacturing defects, etc.

5.4.1 Radiation Due to BLEVEs with Accompanying Fireball

In additional to the container becoming a projectile, the hazard posed by a BLEVE is the fireball and
the resulting radiation. The rapid failure of the container is followed by a fireball or major fire, which
produces a powerful radiant heat flux.

Four parameters often used to determine a fireball’'s thermal radiation hazard are the mass of fuel
involved and the fireball’s diameter, duration, and thermal emissive power. Radiation hazards can
then be calculated from empirical relation.

Radiation received by an objectrelatively distant from the fireball can be calculated by the following
expression (Hasegawa and Sato, 1977 and Roberts, 1982):

" 828 my " 524)
B

Where:

('1: = thermal radiation from fireball (kW/m?)

m. = mass of fuel vapor (kg)
R = distance from the center of the fireball to the target (m)



The distance from the center of the fireball to the target is given by the following relation:
R= ,fo”l; +I? (5-25)

R = distance from the center of the fireball to the target (m)
Z, = fireball flame height (m)
L = distance at ground level from the origin (m)

Where:

The fireball flame height is given by the following expression (Fay and Lewis 1976):

1
ZP =1273 IVFIE (5-26)
Where:

Z, = fireball flame height (m)
V¢ = volume of fuel vapor (m?)

The volume of fireball can be calculated from the following relation:

V= LF (5-27)

Fr
Where:
V. = volume of fuel vapor (m®)

m. = mass of fuel vapor (kg)
pr = fuel vapor density (kg/m?)
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5.5 Assumptions and Limitations
The methods discussed in this chapter are subject to several assumptions and limitations.

The following assumption applies to all radiation models:

(1) The pool is circular or nearly circular.

The following assumptions and limitations apply to point source radiation models:

(1) Except near the base of pool fires, radiation to the surroundings can be approximated as
being isotropic or emanating from a point source.

(2) The point source model overestimates the intensity of thermal radiation at the observer’s
(target) locations close to the fire. This is primarily because the near-field radiation is
greatly influenced by the flame size, shape, and tilt, as well as the relative orientation of the
observer (target).

(3) A theoretical analysis of radiation from small pool fire by Modak (1977) indicated that the
point source model is within 5-percent the correct incident heat flux when L/D >2.5.

(4) The energy radiated from the flame is a specified fraction of the energy released during
combustion.
(5) The model can be used to determine thermal radiation hazards in scenarios for which a

conservative estimate of the hazard is generally acceptable.
The following limitation applies to solid flame radiation models at and above ground level:

(1) The correlation of emissive power was developed on the basis of data from experiments
thatincluded kerosene, fuel oil, gasoline, JP-4, JP-5%, and liquified natural gas (LNG). With
the exception of the LNG, these are quite luminous flames, so the correlation should be
suitable for most fuels. The pool diameters ranged from 1 to 50 m.

5.6 Required Input for Spreadsheet Calculations

The user must obtain the following information before using the spreadsheet:

fuel type (material)

fuel spill area or curbed area (ft?)

distance between fire and target (ft)

vertical distance of target from ground level (ft)
wind speed (ft/min)

~ e~~~ —~
A ON -
~ — — ~— ~—

5.7 Cautions

(1) Use the appropriate spreadsheet (05.1_Heat_Flux_Calculations_Wind_Free.xls or
05.2_Heat_Flux_Calculations_Wind) on the CD-ROM for the calculation.

(2) Make sure units are correct on input parameters.

Common jet fuel.
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5.8 Summary

Estimating the thermal radiation field surrounding a fire involves the following steps:

(1) Characterize the geometry of the pool fire; that is, determine its HRR and physical
dimensions. In calculating thermal radiation, the size of the fire implies the time-averaged
size of the visible envelope.

(2) Characterize the radiative properties of the fire; that is, determine the average irradiance
of the flames (emissive power).

(3) Calculate the radiant intensity at a given location. This can be accomplished after
determining the geometry of the fire; its radiation characteristics; and the location, geometry,
and orientation of the target.Determine the HRR from Equation 5-2 or from experimental
data available in the literature.

(4) Determine the height of the pool fire.

(5) Calculate the view or configuration factor.
(6) Determine the effective emissive power of the flame.
(7) Calculate the radiative heat flux to the target.
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5.11 Problems
Example Problem 5.11-1

Problem Statement

A pool fire scenario arises from a breach (leak or rupture) in a transformer. This event allows the
fuel contents of the transformer to spill and spread over the compartment floor. The compartment
is very large and has a high ceiling (e.g., typical reactor building elevation of a BWR, turbine
building open area). A pool fire ensues with a spill area of 9.0 ft” on the concrete floor. Calculate
the flame radiant heat flux to a target (cabinet) at ground level with no wind using: a) point source
radiation model and b) solid flame radiation model. The distance between the fire source and the
target edge is assumed to be 10 ft.

target
cabinet

Example Problem 5-1: Radiant Heat Flux from a Pool Fire to a Target Fuel

Solution
Purpose:

(1) Calculate the radiant heat flux from the pool fire to the target cabinet using the point
source and solid flame radiation models.

Assumptions:
(1) The pool is circular or nearly circular.

(2) Radiation to the surroundings can be approximated as being isotropic or emanating
from a point source (valid for point source radiation model only).

(3) The correlation for solid flame radiation model is suitable for most fuels.
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Spreadsheet (FDT®) Information:
Use the following FDT*:
(a) 05.1_ Heat_Flux_Calculations_Wind_Free.xls

(click on Point Source and Solid Flame 1 for point source and solid flame analysis
respectively).

FDT?® Input Parameters: (For both spreadsheets)
-Fuel Spill Area or Curb Area (A_,,) = 9.0 ft?
-Distance between Fire Source and Target (L) = 10 ft
-Select Fuel Type: Transformer Oil, Hydrocarbon

Results*

Radiation Model Radiant Heat Flux
q" kW (Btu/ft*-sec)

Point Source 1.45 (0.13)

Solid Flame 3.05 (0.27)
* see spreadsheet on next page
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Spreadsheet Calculations
FDT®: 05.1_ Heat_Flux_Calculations_Wind_Free.xls (Point Source)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROMFIRE TO A TARGET

FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

POINT SOURCE RADNATION MODEL

Version 1305.0

The fdlowing calcuations estimate the Adigtive heat dux from 3 pool fire to atarga fuel.

The purpese ofthis calcdation is to estimate the radiation tansmitted from a buming fuel amayto a @rget

fuel postioned some distance fom the dre at ground kwvelto determine it secondany ignitions are likehy with no wind.
Pararmeters in Y ELL W CELLS are Ertered bythe User.
Fararneters in GREEM CELLS are futornaticdly Sdected from the DROF DOWWH MENUforthe Fuel Selectad.
Al subsequent ouput walues are calculated by the spreadshest and based on walues speciied in the nput
parameters. This spreadshest is protected and secureto 3wnid emors dueto a wrong entryin a cellis).

The chapterin the MUREG should be read before an aralysis is made.

INPUT PARAMETERS

h==z Buming Fate of Fuel {m'™ 0030 kaim -rec
Effective Heat of Combustion of Fuel (0H. <) FALSE AG000 kL
Empirical Constant (ki) O.F|m
Heat Felease Fate (0] TPl 52 kW
Fuel #rea or Dke Area (f.) gopf® 054
Distance between Fire and Target (L) 000 3048 m
Fadiative Fraction (51 0.0
OFTIONAL CALCULATION FOR GIVEN HEAT REL EASE RATE
Selaet” User Speclad valus” from Fus| Type Menu and Enter vour HRR hers 7 [ w
Calculate
THERMAL PROFPERTIES DATA
B URMNIMG RATE DATA FOR FLELS
Ereincal
Fual hvss Buming Fate| Heat of Combustion Conztant Saledt Fuel Type
m" (g -sec) LH. . i) M tm Trarsfomner Gil, Hydnocarkon
[hdethanal 0017 20,000 il Sizral| to desired fuel type then
Bhanol o015 26,800 100 Click on zelaction
Butane 0073 45,700 27
Benzene 0 055 40,100 iy
Hexane 0074 44,700 14
Heptare 0.101 4600 1.1
Hlene 009 40,200 14
Poatane 0041 25,200 18
Dioxane oo1g 26,200 54
Diethy Bther 0035 34,200 nr
Benzine 0 044 44,700 36
Gasoline 0055 43,700 |
Kerosine 0039 43,200 35
Die=el 0 045 44,400 21
JP-4 0051 43,500 il
JP-5 0054 43,000 15
Transtormer Qil, Hydrocarbon 0034 46,000 or
561 Silicon Transformer Fuid 0005 28,100 100
Fuel Oi, Heawy 0035 39,700 17
Crude Gil 00335 42 600 g
Lubee il 0039 46,000 [
Douglas Fir Phaood 001082 10,900 100
Lker Specified Walue Eriter “4lue Eiter Walue Erter Walue
ETTETI e | o I oo, OF e BT o L nr, Bl I, s, e o, e
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ESTIMATING RADIATIVE HEATFLUX T A TARGET FUEL

Re®rence | 555 Hanobookof A Frofection Snpineering , 3 Blllon, 2002, Fage 272

FOINT SOURCE RADIATION MODEL
qQ'=03i4aR
ihers q" = incident rAdiative heat 1ux on the @rget M)
0 = poal fre heat release rate 070
7. = radiative fraction
F = distance from center afthe pool fireto edge ofthe tanget (m)

Pod Are Diameter Calculation

A= w00

O = iy, =)

ihers Ay, = surface area of poal fire (m™)
0O = poal fire diamter (mi

0= 103 m

Heat Release Rate Calcdation

O=m"aH__(1-a" 1A

ihers 0 = poal fre heat release rate 070
m" = mass buming rate of fuel per unit surce area (hgdn'-sac)
4H = effective heat of combustion of fuel (kdbg)

A= zurface area of pool dre (area involed invaponz ation iim )
kf = empirical constant (m )
O = diameter of poal fire (diameter inwelwed in vaporzation, drealar pool is assumed) (m)

o= P52 kg

Distarce from Certer of the Fire to Edge of the Target Caledation

R = L+Dv2

ihere F = distance from center afthe pool fireto edge ofthe tanget (m)
L = distance between poal dre and @rget (m)
O = poal fine diameter (m)

R= 356 m

Radiative Heat Flux Caledation
qQ'=03/4aR

[l = 145 kvidn® 01z Btuft ses

NOTE

The abowe caloulations are based on principle s devweloped in the 5FPE Handbook of Fire Protection
Enqine ering, 3 Edition, 2002.

Caleulations are ba=sed on certain assumptions and hawe inherent limiations. The resubts of such
caleulations may or may not hawe rea=sonable predictive capabilities o ra given situation, and
shiould anby be interpreted by an informed user.

Athough each calculation in the spreadshest has been wverified with th e result= of hand calculation,
there is no absolute guarantee of the accuracy ofthese calculatons.

Aoy questions, comments, concems, and suggestions, orto report an emon’s) inthe spreadsheet,
please ==nd an emailto ned@nne.gow or mses3 Eore.go.

5-24



FDT®: 05.1_ Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 1)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET
FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

SOLID FLAME RADIATION MODEL

Version 1805.0

The ©llawing calculations estimate the radigtive heat dux fom a pool dreto 3 @ng et el

The purpose afthis caloulation is to estimate the adiation transmitted from a buming el amayto a @rget

fuel postioned some distance from the fire at ground lewvel to determine if secondany ignitions are like by with no wind.
Fararneters in Y ELLOWY CELLS are Entered by the User.

Pararmetersin GREEM CELLS are futormati cally Selected fromthe OROFP DOWWH M EMUfor the Fuel Selected.
Al subsequent output values are caleulated bythe spreadsheest and based on walues speciied inthe input
parameters. This spreadshest i= protected an d secure to awoid errors dueto 3 wrong entryin 3 cell(s).

The chapter n the HMUREG should be read be fore an analysis is made.

INPUT PARAMETERS

ReTerence : SFEE Fanchooh of Fie Protedion Sngneering 3 Blllon, 2002, Fage #206.
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hilas=s Buming Rate of Fuel (m'™) OO3 0 kg rec
Effective Heat of Combustion of Fuel (aH. . FALSE 46000 |kdky
Empirical Constant (kE) 0.7 m
Heat Release Rate () Tr1A2 e
Fuel Area or Dike Anea (A qopfm oEe M
Distance between Fire and Target (L) 1000]a I04E M
OPTIOHAL CALCULATION FOR GIVEH HEAT RELEASE RATE
Select”User spacifed Valus” from Fusl Type Menu and Enkrvour HRFR hers 7 T ew
THERMAL PROFERTIES DATA
EURMIMG RATE DATA FOR FUELS
Empincal
Fuel llass Buming Fate [Heat of Combustion Constant Select Fuel Type
m” kghn-sec)  laH L o) kF(m | Transtorm sr Cil, Hydrosarbon -]
hiethanal 0.017 20 000 100 Scroll to desired fuel typs then
Ethanal 0.018 6 200 100 Click on selection
Butane 0.078 45 700 2.7
Benz ene 0.085 40,100 2.7
Hexane 0.0v4 7 00 14
Heptane 0.1m 44500 1.1
Hylene 0.09 40 200 1.4
Foetone 0.0 5 E00 1.4
Dioxane 0.018 26,200 5.4
Diiethy Bther 0.025 4200 0.7
Benzine 0.0 7 00 36
Gazoline 0.055 43700 21
Fero sine 0.039 43200 3.5
Digzel 0.045 44 400 2.1
JP-4 0.051 43500 36
JP-5 0.054 43000 1.6
Transtormer Qil, Hydrocarbon 0.039 <6 000 0.7
561 Silicon Transtormer Fluid 0.005 28,100 100
Fuel 0il, Heauwy 0.035 39,700 1.7
Crude 0il 0.0335 42500 2.8
Lube il 0.039 46 000 0.7
Douglas Fir Phywood 0.01082 10800 100
User Specified Walue Eniter Walue Enite r'walue Eniter Walue



ESTIMATING RADIATIWE HEAT FLUX TO ATARGET FUEL
P By et SFPS Satiboah o Fie SraectinSrpnesing, 3 BN, 20X, S 3250,

S0LI0 FLAME RADWTION MODEL

i = EF:

Whe e " = ke vtr@adiatve beat e on the Brget ¢Wm
E=cmbshe powerotthe poolfie fame &Wms
Foocm=ulew Tactor betwes s faEe tand the flame

Pool Are Dlames ter Caleulaton

Bpa=aD'A
O=uda. m
W ke e A= sartace araotpoolthe dn
O = poalfe diame i
0= 193 m
Emlgglve Powesr Caleulation
E= 550 i
W ke e E=cmbile powerotte poalfe flame W m
O=dlame®rotthe poolfle
E= F6.88 KW
View Factor Caleulatlon
F B E-1Z0dB -0 A (D SR S R RS- Tt
F - e dAS -0 FdaSiEr GSHEHD  HARASE - B
A= I+ 12T
= (352
T 2ZRD
= 2HD
| WF i+ )
Whe F- = korEontalvk w tactor
F = e ricalvkw tactor

F: o= MaAkmm vEw facior

Fo= ditarce Tom ceaterotthe poolfie ©edee oftie tetim
Hi=kekpht ot the poolthe Thme )

0= poolfiE diame®rim)

Ol stance from Canter of the Pool Ars © Bdge of the Targe tCaleulaton

F=L+0/2

W he Fo=clistance Trom e eter of e poolThe to edge of e @get )
L=ckfuce betweey poolfe awl target )
O = poolfre diamer )

F=L+Di2= 3564 m

HeatReleass Rate Calculation

CommTEH - T A
Wihe e Compoolthe beat ekae @ kW

m = massbaming @ offmelperankanmace ara kam e

&H = etk ctie keatotoom biston ottee ik JEd

A= partace aea of pool e @rea hvoked b vaporzaton an )

KB = emplirtal constant n

0= dlame®rotpool e &lEm eter Wuoked b vaporsation, clienarpool B assamed
Q= FrLs2 kw

Pool Are Aams HalghtZaleulation

H=0235a" 1020

Wihe Hy=tflame ke bhtin;
@ =fheatrekare @k ofde kW
0= e diame®rn

H= 2505 m
Sm 2RO - 6308
Ib=2HD=- 4.468
A= RS - 4371
B o= (145 WS- 3526
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Radiative Heat Flux Caleulation
" =EF -z

ler*= 3.05 WM 0.27 Btuft'sec | [P

The above caloculstions are based on prind ples developed in the SFPE Handbook of Fire Praection
Encineering, 3 Edition, 2002,

Caloulations are based on cetain assumptions and hawve inherent limitations. The results of such
caloulations may or may na have reasonakle predictve capakbilities for a gven stuation, and should
only be interpreted by an informed user.

Athough esch calcuation inthe spreadsheet has been velified with the rezults of hand calculstion,
there iz no absolute guarantee of the acouracy of these calculations.

Ay questions, com ments, concerns, and suggestions, or to report an errons) in the spreadshest,
pleaze zend an email to nxd @Nrc.goy oF mxsSEnec.goy.
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Example Problem 5.11-2

Problem Statement

A transient combustible fire scenario may arise from burning wood pallets (4 ft x 4 ft = 16 ft%),
stacked 10 ft high on the floor of a compartment with a very high ceiling. Calculate the flame
radiant heat flux to a target (safety-related cabinet) at ground level with no wind, using the point
source radiation model and the solid flame radiation model. The distance between the fire source

and the target edge (L) is assumed to be 15 ft.

WA target
AP cahingt
U q
EATAVAVAV
T EavavaVavey
wlftf,:r f f—— =15 ft———
Lyrood pallet—T
A=1B7t2

Example Problem 5-2: Radiant Heat Flux from a Burning Pallet to a Target Fuel

Solution

Purpose:
(1) Calculate the radiant heat flux from the fire source to the target cabinet using the

point source and solid flame radiation models.
Assumptions:

(1) The fire source will be nearly circular.

(2) Radiation to the surroundings can be approximated as being isotropic or emanating
from a point source (valid for point source radiation model only).

(3) The correlation for solid flame radiation model is suitable for most fuels.
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Spreadsheet (FDT®) Information:
Use the following FDT*:
(a) 05.1_Heat_Flux_Calculations_Wind_Free.xls
(click on Point Source and Solid Flame 1 for point source and solid flame
analysis respectively)
FDT?® Inputs: (For both spreadsheets)
-Fuel Spill Area or Curb Area (A_,,) = 16 ft°
-Distance between Fire Source and Target (L) = 15 ft
-Select Fuel Type: Douglas Fir Plywood

Results*

Radiation Model Radiant Heat Flux
q" kW (Btu/ft>-sec)

Point Source 0.15 (0.01)

Solid Flame 0.45 (0.04)
*see spreadsheet on next page

5-29



Spreadsheet Calculations
FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Point Source)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROMFIRE TO A TARGET

FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

POINT SOURCE RADNATION MODEL

Version 1305.0

The fdlowing calcuations estimate the Adigtive heat dux from 3 pool fire to atarga fuel.

The purpese ofthis calcdation is to estimate the radiation tansmitted from a buming fuel amayto a @rget

fuel postioned some distance fom the dre at ground kwvelto determine it secondany ignitions are likehy with no wind.
Pararmeters in Y ELL W CELLS are Ertered bythe User.
Fararneters in GREEM CELLS are futornaticdly Sdected from the DROF DOWWH MENUforthe Fuel Selectad.
Al subsequent ouput walues are calculated by the spreadshest and based on walues speciied in the nput
parameters. This spreadshest is protected and secureto 3wnid emors dueto a wrong entryin a cellis).

The chapterin the MUREG should be read before an aralysis is made.

INPUT PARAMETERS

h==z Buming Fate of Fuel {m'™ 001032 [kam -rec
Effective Heat of Combustion of Fuel (0H. <) FALSE 10900 |kLig
Empirical Constant (457 100 fm
Heat Felease Fate (0] 1ra3 kw
Fuel frea or Dke Area (A 1600(™ laa W
Listance between Fire and Target (L) 16.00|n +5T2m
Fadiative Fraction (51 0.0
OFTIONAL CALCULATION FOR GIWEM HEAT RELEASE RATE
Selec £ Ussr Specled Valus” from Fusl Typs Menu and Entsrvour HRR Mers 7 . w
Calculate
THERMAL PROFERTIES DATA
EURMIMG RATE DATH FOR FUELS
Ereincal
Fual hvss Buming Fate| Heat of Combustion Conztant Saledt Fuel Type
m" (kgdn -s2e) [y (g W im Doagas Ar Aywood
Ihdethanol o017 20,000 100 Scroll to desired fuel type then
Bhanol o015 26,800 100 Click on zelaction
Butane 0078 45,700 27
Benzene 0035 40,100 7
Hexana 0074 44,700 14
Heptare 0.101 4600 1.1
Hene 004 40,800 14
Poatone 0041 25,800 14
Dicxane 0018 26,200 )
Diathry Bher 0085 34,200 or
Benzine 0 044 44,700 36
Gazoline 0055 43,700 2.1
Kerosine 0039 43,200 34
Diasal 0 045 44,400 2.1
JP- 0051 43,500 36
JP-A 0064 43,000 15
Transtormer Qil, Hydrocarbon 0034 46,000 or
561 Silicon Transformer Fluid (0005 28,100 100
Fuel 01, Heawy 0035 39,700 17
Crude Gil 00335 42 GO0 13
Lubee 0l 0039 45,000 or
Douglas Fir Phwood 001082 10,900 100
Lker Specified Walue Eriter “4lue Eiter Walue Erter Walue
ETTETI e | o I oo, OF e BT o L nr, Bl I, s, e o, e
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ESTIMATING RADIATIVE HEATFLUX T A TARGET FUEL

Re®rence | 555 Hanobookof A Frofection Snpineering , 3 Blllon, 2002, Fage 272

FOINT SOURCE RADIATION MODEL
qQ'=03i4aR
ihers q" = incident rAdiative heat 1ux on the @rget M)
0 = poal fre heat release rate 070
7. = radiative fraction
F = distance from center afthe pool fireto edge ofthe tanget (m)

Pod Are Diameter Calculation

A= w00

O = iy, =)

ihers Ay, = surface area of poal fire (m™)
0O = poal fire diamter (mi

0= 138 m

Heat Release Rate Calcdation

O=m"aH__(1-a" 1A

ihers 0 = poal fre heat release rate 070
m" = mass buming rate of fuel per unit surce area (hgdn'-sac)
4H = effective heat of combustion of fuel (kdbg)

A= zurface area of pool dre (area involed invaponz ation iim )
kf = empirical constant (m )
O = diameter of poal fire (diameter inwelwed in vaporzation, drealar pool is assumed) (m)

o= 17331 ke

Distarce from Certer of the Fire to Edge of the Target Caledation

R = L+Dv2

ihere F = distance from center afthe pool fireto edge ofthe tanget (m)
L = distance between poal dre and @rget (m)
O = poal fine diameter (m)

R= S26m

Radiative Heat Flux Caledation
qQ'=03/4aR

[l = 045 kvidn® 001 Btuftses

NOTE

The abowe caloulations are based on principle s devweloped in the 5FPE Handbook of Fire Protection
Enqine ering, 3 Edition, 2002.

Caleulations are ba=sed on certain assumptions and hawe inherent limiations. The resubts of such
caleulations may or may not hawe rea=sonable predictive capabilities o ra given situation, and
shiould anby be interpreted by an informed user.

Athough each calculation in the spreadshest has been wverified with th e result= of hand calculation,
there is no absolute guarantee of the accuracy ofthese calculatons.

Aoy questions, comments, concems, and suggestions, orto report an emon’s) inthe spreadsheet,
please ==nd an emailto ned@nne.gow or mses3 Eore.go.
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FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 1)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUXFROM FIRE TO A TARGET
FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION
SOLID FLAME RADIATION MODEL

wersion 18035.0

The ©llawing calculziorns estimate the mdative hea fiu from a peol fire to 2 @rget fuel.
The purpose ofthis calculation is to estimate the radidion transmitbed from 3 buming fiel amayto a tanget

fuel postioned some distance fom the fire at ground lewel to determine if secondarny ignitions are lkelywith no wind.
Fararngers in Y ELLOW CELLS are Enteredbortbe Lsar,
Fararngers in GREEM CELL S are ftornati cal by Selected frorm the DROP DOWH MENU for the Fuel Sdeded.
Al subsequent output values are calculated by the spreadshea and based on walues speciied inthe input
parameters. Thisspreadsheet is protected and secure to 3woid emors dueto 3 wrong entryin 3 cdil=).

The chapterinthe MUREG should be read before an andysisis made.

INPUT PARAMETERS

== Buming Fate of Fuel (m'™)

Effective Heat of Combustion of Fuel (H..0

Empirical Constant (kD
Heat Falease Rate (O
Fuel Area or Dike Area (A

Distanc= betw een Fire and Tanget (L)

FALSE

OFTIONAL CALCULATION FOR GIWEN HEAT RELEASE RATE

Select"User Speciflad valus” from Fuel Type Menu and Entsr Your HER hers 7

0.0105% i —sec
10900 ke

100]m

175 21 |k

1600

15007

Loalouate |

THERMAL FROFERTIES DATA

BURMIMNG RATE DATA FORFLUELS

Sedect Fud Typea

g m

+57

Zm

| Cotgnas Ar Aywood

Empinca
Fuel hias= Buming Rate |Heat of Combustion Constant
m* ihgdn-z2ed il (kdg) ki
hdathanal 0017 0,000 100
Bhanol 0015 25,800 100
Butane 0078 45, 700 2.7
Benzers L] <0, 100 2.7
Haxana 007 o, 700 14
Heptane 0101 4, 600 1.1
Hene 009 0,500 1.4
Foatone 0 O 24,800 14
Diomane o014 25,200 5.4
Diethy Bher 0 085 24,00 0.7
Benzire 0 O 4, 700 K]
Gasoline 0 055 43, 700 2.1
Kerosine 00349 3, 00 3.8
Diazd 0 045 400 2.1
JP-4 0051 43,500 3.6
JP-5 0 05 3,000 16
Transtomer Qil, Hydrocarbon 0039 5,000 0.7
461 Silcon Transfommer Fuid 0 005 2,100 100
Fuel Qil, Heawy 0 035 28,700 1.7
Crude il 00335 2 00 2.8
Lube 01 0039 5,000 0.7
Douglas Fir Plywood 001082 10,900 100
Lser Speciied Wale Eniter Walus Hiter Waue Eriter “Alues
TR S E oo oF PE EredIon S e T, 3 Blllon, IO, T . -
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ESTIMATING RADIATIWE HEAT FLUX TO ATARGET FUEL
P By et SFPS Satiboah o Fie SraectinSrpnesing, 3 BN, 20X, S 3250,

S0LI0 FLAME RADWTION MODEL

i = EF:

Whe e " = ke vtr@adiatve beat e on the Brget ¢Wm
E=cmbshe powerotthe poolfie fame &Wms
Foocm=ulew Tactor betwes s faEe tand the flame

Pool Are Dlames ter Caleulaton

Bpa=aD'A
O=uda. m
W ke e A= sartace araotpoolthe dn
O = poalfe diame i
0= 138 m
Emlgglve Powesr Caleulation
E= 550 i
W ke e E=cmbile powerotte poalfe flame W m
O=dlame®rotthe poolfle
E= 3651 kWi
View Factor Caleulatlon
F B E-1Z0dB -0 A (D SR S R RS- Tt
F - e dAS -0 FdaSiEr GSHEHD  HARASE - B
A= I+ 12T
b= (352
T 2ZRD
= 2HD
| WF i+ )
Whe F- = korEontalvk w tactor
F = e ricalvkw tactor

F: o= MaAkmm vEw facior

Fo= ditarce Tom ceaterotthe poolfie ©edee oftie tetim
Hi=kekpht ot the poolthe Thme )

0= poolfiE diame®rim)

Ol stance from Canter of the Pool Ars © Bdge of the Targe tCaleulaton

F=L+0/2

W he Fo=clistance Trom e eter of e poolThe to edge of e @get )
L=ckfuce betweey poolfe awl target )
O = poolfre diametr )

F=L+Di2= 5.260 m

HeatReleass Rate Calculation

CommTEH - T A
Wihe e Compoolthe beat ekae @ kW

m = massbaming @ offmelperankanmace ara kam e

&H = etk ctie keatotoom biston ottee ik JEd

A= partace aea of pool e @rea hvoked b vaporzaton an )

KB = emplirtal constant n

0= dlame®rotpool e &lEm eter Wuoked b vaporsation, clienarpool B assamed
Q= 17531 kW

Pool Are Aams HalghtZaleulation

H=0235a" 1020

Wihe Hy=tflame ke bhtin;
@ =fheatrekare @k ofde kW
0= e diame®rn

H~= 0453 m
S=2R/0= T.R4T
I=2HD = 0638
A= RS - 3307
B o= (145 WES - 3.883
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Radiative Heat Flux Caleulation
" =EF ez

"{I" = 0.45 Wi .04 Btuft sec ||m

The above calculations sre based on prind ples developed in the SFPE Handbook of Fire Protection
Encineeting, 3 Edition, 2002,

Calculations are based on cedain assumptions and have inherent limitations. The results of such
calculations may or may nat have reasonakle prediclive capabilities for & gven stuation, and should
only be interpreted by an informed uzer.

Athough each calcuation in the spreadsheet has been wetified with the results of hand calculation,
there iz no abaolute guarantee of the acouracy of these calculations.

Any gquedions, com ments, concerns, and sugogestions, orto report an erron’s) in the gareadsheet,
pleazs zend an email to ned @nrc.goy oF mxs3Emnrc.goy.
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Example Problem 5.11-3

Problem Statement

A fire scenario may arise from a horizontal cable tray burning in a very large compartment. The
cables in the tray are IEEE-383 unqualified and made of PE/PVC insulation material (assume that
the exposed area of the cable is 20 ft?). Another safety-related cable tray also filled with IEEE-383
unqualified made of PE/PVC insulation material is located at a radial distance (L) of 9 ft from the
fire source. Calculate the flame radiant heat flux to a target (safety-related cable tray) using the
point source radiation model and solid flame radiation model. Is this heat flux sufficient to ignite the
cable tray?

fire source !

v target cable tray
cable tray osed] |EEE-383 cable
[EEE- 383 cahle |¢7 L= 91“[44
A= D0 2

Example Problem 5-3: Radiant Heat Flux from a Burning Cable Tray to a Target Fuel

Solution
Purpose:
(1) Calculate the radiant heat flux from the burning cable tray to the target cable tray
using the point source and solid flame radiation models.
(2) Determine if the heat flux is sufficient to ignite the cable tray.
Assumptions:
(1) The fire source will be nearly circular.
(2) Radiation to the surroundings can be approximated as being isotropic or emanating
from a point source (point source radiation model only).
(3) The correlation for solid flame radiation model is suitable for most fuels.
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Spreadsheet (FDT®) Information:
Use the following FDT*:
(a) 05.1_Heat_Flux_Calculations_Wind_Free.xls
(click on Point Source and Solid Flame 1 for point source and solid flame analysis,
respectively).

FDT?® Inputs: (For both spreadsheets)
-Mass Burning Rate of Fuel (m"| = 0.0044 kg/m?-sec

-Effective Heat of Combustion of Fuel (AH_ ) = 25,100 kJ/kg

-Empirical Constant (kB) = 100 m™' (use this if actual value is unknown)

-Fuel Spill Area or Curb Area (A_,,) = 20 ft*

-Distance between Fire Source and Target (L) = 9 ft

Note: Since the insulation material (PE/PVC) is not available in the thermal
properties data of the spreadsheet, we have to input the mass burning rate and
effective heat of combustion in the spreadsheet. Values of cable materials
properties are available in Table 3-4. Select User-Specified Value, and enter the
respective values.

Results*
Radiation Model Radiant Heat Flux
q" kW (Btu/ft>-sec)
Point Source 0.4 (0.03)
Solid Flame 1.1 (0.10)

*see spreadsheet on next page
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Spreadsheet Calculations
FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Point Source)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROMFIRE TO A TARGET
FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

POINT SOURCE RADNATION MODEL

Version 1805.0

The fdlowing calcuations estimate the Adigtive heat dux from 3 pool fire to atarga fuel.

The purpese ofthis calcdation is to estimate the radiation tansmitted from a buming fuel amayto a @rget

fuel postioned some distance fom the dre at ground kwvelto determine it secondany ignitions are likehy with no wind.
Pararmeters in Y ELL W CELLS are Ertered bythe User.

Fararneters in GREEM CELLS are futornaticdly Sdected from the DROF DOWWH MENUforthe Fuel Selectad.
Al subsequent ouput walues are calculated by the spreadshest and based on walues speciied in the nput
parameters. This spreadshest is protected and secureto 3wnid emors dueto a wrong entryin a cellis).

The chapterin the MUREG should be read before an aralysis is made.

INPUT PARAMETERS
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h==z Buming Fate of Fuel {m'™ 0 00 |kamm-rec
Effective Heat of Combustion of Fuel (0H. <) FALSE 25100|kLikg
Empirical Constant (457 100 fm
Heat Felease Fate (0] 206 20(kw
Fuel frea or Dlee Area () z000|" 185 M
Distance between Fire and Target (L) o0 274X m
Fadiative Fraction (51 0.0
OFTIONAL CALCULATION FOR GIWEM HEAT RELEASE RATE
Selec £ Ussr Specled Valus” from Fusl Typs Menu and Entsrvour HRR Mers 7 . w
Calculate
THERMAL PROFERTIES DATA
EURMIMG RATE DATH FOR FUELS
Ereincal
Fual hvss Buming Fate| Heat of Combustion Conztant Saledt Fuel Type
m" (g -sec) LH. . i) M tm Leer Specified Walle ||
Ihdethanol o017 20,000 100 Scroll to desired fuel type then
Bhanol o015 26,800 100 Click on zelaction
Butane 0078 45,700 27
Benzene 0035 40,100 7
Hexana 0074 44,700 14
Heptare 0.101 4600 1.1
Hene 004 40,800 14
Poatone 0041 25,800 14
Dicxane 0018 26,200 )
Diathry Bher 0085 34,200 or
Benzine 0 044 44,700 36
Gazoline 0055 43,700 2.1
Kerosine 0039 43,200 34
Diasal 0 045 44,400 2.1
JP- 0051 43,500 36
JP-A 0064 43,000 15
Transtormer Qil, Hydrocarbon 0034 46,000 or
561 Silicon Transformer Fluid (0005 28,100 100
Fuel 01, Heawy 0035 39,700 17
Crude Gil 00335 42 GO0 13
Lubee 0l 0039 45,000 or
Douglas Fir Phwood 001082 10,900 100
Lker Specified Walue Eriter “4lue Eiter Walue Erter Walue
ETTETI e | o I oo, OF e BT o L nr, Bl I, s, e o, e



ESTIMATING RADIATIVE HEATFLUX T A TARGET FUEL

Re®rence | 555 Hanobookof A Frofection Snpineering , 3 Blllon, 2002, Fage 272

FOINT SOURCE RADIATION MODEL
qQ'=03i4aR
ihers q" = incident rAdiative heat 1ux on the @rget M)
0 = poal fre heat release rate 070
7. = radiative fraction
F = distance from center afthe pool fireto edge ofthe tanget (m)

Pod Are Diameter Calculation

A= w00

O = iy, =)

ihers Ay, = surface area of poal fire (m™)
0O = poal fire diamter (mi

0= 154 m

Heat Release Rate Calcdation

O=m"aH__(1-a" 1A

ihers 0 = poal fre heat release rate 070
m" = mass buming rate of fuel per unit surce area (hgdn'-sac)
4H = effective heat of combustion of fuel (kdbg)

A= zurface area of pool dre (area involed invaponz ation iim )
kf = empirical constant (m )
O = diameter of poal fire (diameter inwelwed in vaporzation, drealar pool is assumed) (m)

o= 2005 20 kg

Distarce from Certer of the Fire to Edge of the Target Caledation

R = L+Dv2

ihere F = distance from center afthe pool fireto edge ofthe tanget (m)
L = distance between poal dre and @rget (m)
O = poal fine diameter (m)

R= 3 m

Radiative Heat Flux Caledation
qQ'=03/4aR

[l = 040 kvidn® 0.0z Btuftses

NOTE

The abowe caloulations are based on principle s devweloped in the 5FPE Handbook of Fire Protection
Enqine ering, 3 Edition, 2002.

Caleulations are ba=sed on certain assumptions and hawe inherent limiations. The resubts of such
caleulations may or may not hawe rea=sonable predictive capabilities o ra given situation, and
shiould anby be interpreted by an informed user.

Athough each calculation in the spreadshest has been wverified with th e result= of hand calculation,
there is no absolute guarantee of the accuracy ofthese calculatons.

Aoy questions, comments, concems, and suggestions, orto report an emon’s) inthe spreadsheet,
please ==nd an emailto ned@nne.gow or mses3 Eore.go.
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FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 1)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUXFROM FIRE TO A TARGET
FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION
SOLID FLAME RADIATION MODEL

wersion 18035.0

The ©llawing calculziorns estimate the mdative hea fiu from a peol fire to 2 @rget fuel.
The purpose ofthis calculation is to estimate the radidion transmitbed from 3 buming fiel amayto a tanget

fuel postioned some distance fom the fire at ground lewel to determine if secondarny ignitions are lkelywith no wind.
Fararngers in Y ELLOW CELLS are Enteredbortbe Lsar,
Fararngers in GREEM CELL S are ftornati cal by Selected frorm the DROP DOWH MENU for the Fuel Sdeded.
Al subsequent output values are calculated by the spreadshea and based on walues speciied inthe input
parameters. Thisspreadsheet is protected and secure to 3woid emors dueto 3 wrong entryin 3 cdil=).

The chapterinthe MUREG should be read before an andysisis made.

INPUT PARAMETERS

== Buming Fate of Fuel (m'™)
Effective Heat of Combustion of Fuel (H..0

Bmpirical Con=tant (ki
Heat Falease Rate (O

Fuel Area or Dike Area (A

Distanc= betw een Fire and Tanget (L)
OFTIONAL CALCULATION FOR GIVEN HEAT RELEASE RATE

Salect"Uesr Spacifled Valus” from Fuel Typs Menu and Erter vour HER hers 7

FALSE

00044

25100

100

102602

10000

ann

(SRR
(AR}

m

T

[ calouizte ]

THERMAL FROFERTIES DATA
BURMIMNG RATE DATA FORFLUELS

Sedect Fud Typea

gz m
ZT432m

[ ueer speemed vaue

Empinca
Fuel hias= Buming Rate |Heat of Combustion Constant
m* ihgdn-z2ed il (kdg) ki
hdathanal 0017 0,000 100
Bhanol 0015 25,800 100
Butane 0078 45, 700 2.7
Benzers L] <0, 100 2.7
Haxana 007 o, 700 14
Heptane 0101 4, 600 1.1
Hene 009 0,500 1.4
Foatone 0 O 24,800 14
Diomane o014 25,200 5.4
Diethy Bher 0 085 24,00 0.7
Benzire 0 O 4, 700 K]
Gasoline 0 055 43, 700 2.1
Kerosine 00349 3, 00 3.8
Diazd 0 045 400 2.1
JP-4 0051 43,500 3.6
JP-5 0 05 3,000 16
Transtomer Qil, Hydrocarbon 0039 5,000 0.7
461 Silcon Transfommer Fuid 0 005 2,100 100
Fuel Qil, Heawy 0 035 28,700 1.7
Crude il 00335 2 00 2.8
Lube 01 0039 5,000 0.7
Douglas Fir Plywood 001082 10,900 100
Lser Speciied Wale Eniter Walus Hiter Waue Eriter “Alues
TR S E oo oF PE EredIon S e T, 3 Blllon, IO, T . -
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ESTIMATING RADIATIWE HEAT FLUX TO ATARGET FUEL
P By et SFPS Satiboah o Fie SraectinSrpnesing, 3 BN, 20X, S 3250,

S0LI0 FLAME RADWTION MODEL

i = EF:

Whe e " = ke vtr@adiatve beat e on the Brget ¢Wm
E=cmbshe powerotthe poolfie fame &Wms
Foocm=ulew Tactor betwes s faEe tand the flame

Pool Are Dlames ter Caleulaton

Bpa=aD'A
O=uda. m
W ke e A= sartace araotpoolthe dn
O = poalfe diame i
0= i m
Emlgglve Powesr Caleulation
E= 550 i
W ke e E=cmbile powerotte poalfe flame W m
O=dlame®rotthe poolfle
E= 434 KW
View Factor Caleulatlon
F B E-1Z0dB -0 A (D SR S R RS- Tt
F - e dAS -0 FdaSiEr GSHEHD  HARASE - B
A= I+ 12T
= (352
T 2ZRD
= 2HD
| WF i+ )
Whe F- = korEontalvk w tactor
F = e ricalvkw tactor

F: o= MaAkmm vEw facior

Fo= ditarce Tom ceaterotthe poolfie ©edee oftie tetim
Hi=kekpht ot the poolthe Thme )

0= poolfiE diame®rim)

Ol stance from Canter of the Pool Ars © Bdge of the Targe tCaleulaton

Fo=L+002

Whe e Fo=dltance Trom ceater of the poolThe toedge of e et qn)
L=dktrc =tween |ZIZIIZI|'I'|I'9 and target imj
0= poalfe dEame®rms

F=L+Diz= 4463 m

HeatReleass Rate Calculation

CommTEH - T A
Wihe e Compoolthe beat ekae @ kW

m = massbaming @ offmelperankanmace ara kam e

&H = etk ctie keatotoom biston ottee ik JEd

A= partace aea of pool e @rea hvoked b vaporzaton an )

KB = emplirtal constant n

0= dlame®rotpool e &lEm eter Wuoked b vaporsation, clienarpool B assamed
Q= 1026.02 KW

Pool Are Aams HalghtZaleulation

H=0235a" 1020

Wihe Hy=tflame ke bhtin;
@ =fheatrekare @k ofde kW
0= fire ciame®rn

H= 0.255 m
Sm 2RO - 21595
Ib=2HD=- 0.148
A= RS - 1.434
B o= (145 WS- 1.450
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Radiative Heat Flux Caloulation
" =EF -z

ler*= 1.14 WM 0.10 Buftsec | g

The above caloulstions are based on prind ples developed in the SFPE Handbook of Fire Praection
Encineering, 3 Edition, 2002,

Caloulations are based on cetain assumptions and have inherent limitations. The results of such
caloulations may or may nd have reasonakle predicive capakilities for a gven stuation, and should
only be interpreted by an informed user.

Athiough each calcd stion in the spreadsheet has been wverified with the results of hand calculation,
there iz no abaolute guarantee of the accuracy of thess calculations.

Any guedions, com ments, concerns, and sugoestions, orto report an erron’s) in the spareadsheet,
pleazs zend an email to ned @nrc.goy oF mxs3Enrc.goy.
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Example Problem 5.11-4

Problem Statement

A pool fire scenario may arise from a leak in a pump. This event allows the lubricating oil to spill
and spread over the compartment floor. A pool fire ensues with a spill of 9.6 ft? is considered in a
compartment with a concrete floor. The distance (L) between the pool fire and the target edge is
assumed to be 10 ft. Calculate the flame radiant heat flux to a vertical target (safety-related) 8 ft
high above the floor with no wind, using the solid flame radiation model. If the vertical target
contains IEEE-383 unqualified cables, could there be cable failure in this fire scenario?

target

L= 96 112
Example Problem 5-4: Radiant Heat Flux from a Pool Fire to a Vertical Target Fuel

Solution

Purpose:
(1) Calculate the radiant heat flux from the pool fire to the vertical target using the solid
flame radiation model.
(2) Determine if the IEEE-383 unqualified cables are damaged.
Assumptions:
(1) The fire source will be nearly circular.
(2) The correlation for solid flame radiation model is suitable for most fuels.
Spreadsheet (FDT®) Information:
Use the following FDT®:
(a) 05.1_Heat_Flux_Calculations_Wind_Free.xls (click on Solid Flame 2)
FDT® Inputs:
-Fuel Spill Area or Curb Area (A_,,) = 9.6 ft?
-Distance between Fire Source and Target (L) = 10 ft
-Vertical Distance of Target from Ground (H, = H,,) = 8 ft
-Select Fuel Type: Lube Oil
Results*

Radiation Model Radiant Heat Flux Cable Failure
q" kW (Btu/ft>-sec)

Solid Flame 3.0 (0.26) No ¢ =g

*see spreadsheet on next page
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Spreadsheet Calculations

FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 2)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROMFIRE TO A TARGET

FUEL ABOVE GROUND LEVEL UNDER WIND-FREE CONDITION

SOLID FLAME RADIATION MODEL
wersion 1205.0

The howhg cakrlaton: estmat the allbtle he at e mom poslfie ©atrgthe |
The preie otthk cakcnlaton b o estinak the @dbtor Tanim fed fom a bare kg mel arrdy © a @get
e lpostoeed some ditarce Trom e tle above gooed Bueltode®m e Fiecondary Knbes ag ke B wkh oo wid.

Paramsters In VELLOWCELL S ars Enkrad by the User.

Parameters InGREEN CELLS are Zutomatically Selec®d om the DROP DOOWH MENU Tor the Fusl Selec ted.
Alzabgequentonpatvalnes are cakn BEd by the spreadsbestand based on valves specied nthe it
parameters. Thk spreack ke et kb protected and sech e to okl eron die D aworge ity e acellifs.

The chap® r b the NUREG § konkl be el betor an anakzk B mack .

INPUT PARAMETERS

Mass Bumlg Rak ofFeelin s

Effectie Heatof Comboazton otFael &H. 3

Emp ralConstantkFs

He atRe kage Rate i)

FrelireaorDke Aga (A0

DEtance betweenr Flie and Targ tilh

Wertbal DEtance of Targttran Groted (H = H 3

OFTIONAL CALCULATION FOR GNWEN HEAT RELEASE RATE

FALZE

Seleat ™l sar Spsoliad Valus" from Fusl Typs Menu and Ener Your HRR hisrs 7

0 03 9]kim-rec
FE000(kIM
1 [m
G115k
aiom
10 .0a[m
S00m

cuga
JHEm
Z4E+m

Caculge

THERMAL FROFPERTIES DATEA
EURNING RATE DATA ROR FUELS

Frel Mazs Barning Rak [Heatof Combaston Empiical Cowitant Select Foel Type
" ko SeS iy gk [AERT TR e oAl E
Methanal 0017 20,000 100 Scroll todesirsd fusl type Tisn
Ethanal 0015 26,500 100 Click on selec ion
B 1tane 0073 L5700 2.7
Benze e 0083 10,100 2.7
He xane 0074 (¥ eli]i] 1.9
He [ptan e 0101 Ly Xalln] 1.1
ke 009 L0500 1.1
Sted <1 1 00 25500 1.9
Dioane 0018 26,200 5.4
Dk thy Ethe 1 0 035 34200 0.7
JEeizhe 0045 Liyoo 3.6
G ot ollee 0033 L3700 2.1
e 103 Ine 0039 43200 3.5
Dk el 0043 oo 2.1
P-i 0051 13500 3.6
P53 0051 13000 1.6
TR smer oIl Hydrocabon 003 G000 0.7
56 15 Eon Transtormme 1 Flvkl 0005 23,100 100
Fue |0l He awy 0035 309700 1.7
Zruck Ol 00335 L2500 2.8
Lk Gl 003 G000 0.7
Donglas Fir P iwood 001082 10900 100
Uz er Sipe chik d vake Etervale SRINELD Enrialie
Rewene . SFFE Mmoo of e Foecton Sy, 37 Bl on, 2002, Page 320,
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ESTIMATING RADTIWE HEAT FLUXTO A TARGET FUEL
ReRIENE | 5FFE Hanalooh of e FotectibnSnpireerng, 3 B, D02, Pape 3270

SOLID FLAME RADIATION MODEL

i = EF
Where

Pool Are DlamsBrZaleulaton

Q7 = Wcklentradiatve beat o on e wEet &
E=emEsbe powe rorthe pool T fame &Win
F o= vkw Tactor betws e v targe tand the flam 2

Bu,=aD'i

D=wia, m

Where A= gnmace area of poo e dn s
O = pool The diam® s

D= 1.07 m

Emnlselve Powsr Caleulaton

E= 358 (10 ]

Where E=g&mbsle powerofthe poolThe flame £
O=dlametroftie poolfie oG

E= 3684 kWM

Waw Faetor Caleulation

F - IEAZEn (S -1 el ASHlan (53 DS 00 +A R @A -1l A+ TS
F - AT (PO -1 i T G DT DG A TR -1

& = oS HDES

& - S DS

E= S

5- 2RO

b= 2H./D

bo- 2H./D

Fooom Frazus+F

Wker F .. =tlvertalutw fcor

Oistance from Centerofthe Pool

FE=dktic fom ceterofthe posife ©edie otthe wEEtm
Ho= ke kbt of the poolThe fame )
O = poal T diam eter s

Are to Edge of 118 Targs tCalculaton

F=L+D2

When Fo=dletance Trom cener of the poo e D edge ofthe @g tin
L=cb e eween poolfe and targ t )
O = pool The diam eter in’

F=L+D2Z=- 3581 m

Heat Ralsa e Rats Caleulation

CmmTEH -8 G A
Whemr O = poolfe beat B kase e KW

m”=mazs bom g rate ot melpernabsamac: aga om <ec

AH = efectbe heator combog ton otTee | EJRd

A= gnriace aea oTpoo e aea hvoled b vapozation) n

EE=emplral consant an

O = cllame® rof Eool e dhmeer Wuoke d i vaporEaton, cicnlarpol B assimeds dd
Q= B40L15 kW

Pool Are Rame Helght Salculation

H=0.2350 -1020

Whemr Ho=flame ke bt dn
O o= heatekate rake offre 0
O=TIE cliame®r

H= L3859 m

Sm 2RO - ET21

b =2H D= 4578

b =2H./D= 2¢H-H, 50 = -1.094

Bom il HT TS - 4,333
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R=diative Hedt Flux Cdculdion
9" = EF oz

"q . 2 g9 kWim® 025 Btuft™ sec

The abowe calculations are based on principles developed inthe SFPE Handbaok of Fire Protection
Eng;|ineering;|,3n'I Edition, 2002,

C aleulations are based on certain aszumplions and hawve inherent limiations. The resule ofsuch
caleulations may or may not hawe reasonable predictve capabilties for a given situation, and =hould
only be interpreted by an informed user.

Although each calculation inthe spreadsheet has been werified with the results of hand calculation,
there = no absolute guarantee ofthe accuracy of these calculations.

Any questions, comments, concerns, and suggestions, or to report an error(s) in the = preadsheet,
please send an email to rei@nr cogow or mes 3@ nrc. gow.
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Example Problem 5.11-5

Problem Statement

A transient combustible fire scenario may arise from burning wood pallets (4 ft x 4 ft = 16 ft%),
stacked 14 ft high on the floor of a compartment. Calculate the flame radiant heat flux from
exposure fire to a vertical target (safety-related electrical junction box) located 8 ft high above the

floor, with no wind, using the solid flame radiation model. The distance (L) between the transient
fire and the target edge is assumed to be 15 ft.

L, -
. -
) i ﬁl' R [ —— target
L iy cable hox
- = ndidadans LU
1 _h'__‘/ T N W W q
£ ot UL
1

£

14t T a v
2
{ el #ft
1 e, |<7L=15 fit———— l
Ay T
Lwood pallet—T
A= 1612

Example Problem 5-5: Radiant Heat Flux from a Burning Pallet to a Vertical Target Fuel

AN

ENFR

Solution
Purpose:
(1) Calculate the radiant heat flux from the burning pallet to the vertical target fuel using
the solid flame radiation model.
Assumptions:
(1) The fire source will be nearly circular.

(2) The correlation for solid flame radiation model is suitable for most fuels.
Spreadsheet (FDT®) Information:

Use the following FDT*:

(a) 05.1_Heat_Flux_Calculations_Wind_Free.xlIs (click on Solid Flame 2)
FDT?® Inputs:

-Fuel Spill Area or Curb Area (A_,,) = 16 ft*

-Distance between Fire Source and Target (L) = 15 ft
-Vertical Distance of Target from Ground (H, = H,,) = 8 ft
-Select Fuel Type: Douglas Fir Plywood

Results*

Radiation Model Radiant Heat Flux
q" kW (Btu/ft>-sec)

Solid Flame 0.30 (0.03)
*see spreadsheet on next page
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Spreadsheet Calculations
FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 2)

CHAPTER 5. ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

FUEL ABOVE GROUND LEVEL UNDER WIND-FREE CONDITION

SOLID FLAME RADIATION MODEL

wersion 180:5.0

The Bhowhg cakrlation: esthmat the radlatle be at s from pocifie batrpthel
The prpose ofthh caknlaton b estmak the @dbton ransm fed fom a bare kg el armay © a @get

e lpostioned some ditece Trom te e above gond kueltode®m e Fiecondary Kb ae (ke ko wkh b Wi,
Parameters In vELLOWCELL S ars Enkrad by the User.
Parameters In GREEN ZELLS are Aubmalecally Selec®d from the DROP CSOAN MENL for the Fusl Sal e ted.
Algabzequentoriprivales are caknbied by the spreadibestand based on valves spciied b the hprt
parameters. Thk spreack ke et b protected and secu e to ook eron die D awpnge iy b acellis).

The chap® r b the NUREG £ honkl be re sl betor an avakihk b madk .

INPUT PARAMETERS

RMazz Bamlg Rak of Feelin %
Etfective HeatoT Combuston oTF el idH. 5

FALZE

EmpricalConstantkEy
He atRe kase Rate &)
FrelamaorDke ARa B0

Ditarce between Fle awd Tang til)
Wernbal DEtance of Tamg trrom Groaed (H = H 3

OFTIONAL CALCULATION FOR GNWEN HEAT RELEASE RATE

Selent ™ sar Speoled Value” from Fuel Type Menu and Enfer vour HRE here 7

001082
10200
100)
7531
1600
1500
00

1
Caculge

THERMAL FROPERTIES DATA

EURNING FATE DATA ROR FUELS

Frel Mazz B arelvg Rak|Heatof Combaston Empirkal Covsant
(IR e 3T 4H Ek kE im )

Methancl 0017 20,000 100
Ethanol 0015 26,800 ([xx]
E 1tans 0078 L5700 2.7
E & 028 he (== 40,100 2.7
LEFETT 007 Leon 1.9
He [ptan e 0101 LLEon 1.1
R g 009 LoE00 1.4
Cred T} 004 25500 1.9
Dloaane 0018 26,200 N
Dty Ethe 1 0085 34200 0.7
JEezhe 004s Leoo KX
G & ol 0035 L3700 .1
Feroslne 003 13200 3.3
Dlesel 0043 Lidnn 2.1

P-4 0051 L3500 3.0

P-5 0054 L3000 1.6
ITEstmers L Hydrocabon 003 L5000 0.7
55 1S eon Transtorme 1 Flvkl 0005 28,100 100
Fue 100, He avy 0035 39700 a1
Zruck Gl 0 0335 V200 2.8
Lub= Gl 003 L5000 0.7
Donglas Fir P ywocd 001082 10200 100
Lg o1 Sips chk o Vahe Entervalne EvErvalee Evervale
FERENVE ! GEPS I TEno of Foe PUoRCEon U ey, 3 B o, 000, Page 300,

5-47

kpim -sec
LARS]
m

¥

L Lagm
1 LFZm
ul ZA4E4m

Select Fuel Type

| Cougdas Ar Ay ceod -l
Scroll to desired fusl type Tisn
Click o sslse Hon




ESTIMATING RAGATIVE HEAT FLUX TO ATARGET FUEL

RaRferne | SFAS Hanabooh of S Protection Splneasing, ¥ Bl bon, 2002, Page R0

SOLID FLAME RADLIATION MODEL

q"= EF
Mhera q" = incident radiative heat 4ux onthe @rget 4R
E= emizsive power of the pool fire fame (kiim )
F: = view Bctor between target and the flame
Podd Fire Diarneter Caloulation
A= w00 H
O= k.. fx)
Mhera A = surface area of pod dre (m )
O = poal dre diamter (m)
0= 138 m
Ernizzive Power Caledation
E= & (10 i
Mhers E= emizsive power of the pool fire fame (kim )
O = diameter of the paol fire (M)
E= 6.3 (ko)
‘ew Factor Calcdation
F = FaSian o AT-0 el aItan GS-DASATD RS D ASE D A B FDES0AE TS
F = VaZidan AT -0 edoaTtay GS-NAEATD RN AR D Ay AT E-NE TS
A= th +5 +1325
A= the +5+1325
b= (1+57W2S
5= 2RO
h-= 2H-D
ha= 2H0
Fooun= F +F
Mhere F = total wertical wiew factor

F = distance from center ofthe pool ireto edge ofthe target (m)
H = height ofthe pool dre 4ame (m)

O = pool dre diameter ()

Oistance frorm Certer of the Podl Fireto Edge of the Target Calcalation

F= L+ Dv2

Mhere R = d=tance from canter ofthe pool dre to edge ofthe target (m)
L= distance between pool fire and @rget (m)
O = pool dre diameter ()

R= L+Di& = 5260 m

Hezt Release Rate Calcdstion
Q=maH ol -a " A
Mhere 0 = pool fire heat relegse rate (i)
m"= mass buming rate of fuel per unit surBce area (kgtn -sec)
UH. = effective heat of combustion of fuel (oblag)
A= surface area of pool fie (area inwolved invaponiz ioni(m )
kE = empirical constant (m
O = diameter of pool dre (dameter inwolwed in waporzation, circalar pool is assumediim)
o= ATE.31 ke

Pod Fire Rarne Height Calculstion
H=0x350 -10:0

Mhere H = flane height (m)
0 = heat release rate of fre JA07
O = fire diameter (m1)

H= 0.453 m
§=2RM= 7647
b= 2H D = 5.545
ho= 2HaD = I(H-H-¥D = 2887
fo= fh 5 HEE = 4.710
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R =diative Heat Flux Caculaion
9" = EF ez

|||:| "= 020 kiinn® ooz Btuft - =sec

The abowe caleulations are based on principles developed inthe SFPE Handbaok of Fire Protection
En5:|inleerin5:|.3r'I Edition, 2002,

C aleulations are based on certain aszumplions and hawve inherent limitations. The resule ofsuch
caleulations may or may not hawe reasonable predictve capabilties for a given situation, and =hould
only be interpreted by an informed user.

Although each calculation inthe spreadsheet has been werified with the results of hand calculation,
there = no absolute guarantee of the accuracy of these calculations.

Any questions, comments, concerns, and suggestions, ar to report an error(s) in the = preadsheet,
please send an email to re<i(@nr c.gow or mes @O, gow.
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Example Problem 5.11-6
Problem Statement

A fire scenario may arise from a horizontal cable tray burning in a very large compartment.
The cables in the tray are IEEE-383 unqualified and made of XPE/FRXPE insulation material
(assume that the exposed area of the cable is 20 ft?). A safety-related cable tray is also filled with
IEEE-383 qualified made of XLPE insulation material located at a radial distance (L) of 9 ft from the
fire source and 6 ft above the fire source. Calculate the flame radiant heat flux to a target (safety-related
cable tray) using the solid flame radiation model. Is the IEEE-383 qualified cable tray damaged?

2 target cable tray
U q LTJ |EEE-383 cable
AU
fire source & 4‘_6@
cabletray =
|EEE-383 cable =l
A =20t

Example Problem 5-6: Radiant Heat Flux from a Burning Cable Tray to a Vertical Target Fuel

Solution

Purpose:
(1) Calculate the radiant heat flux from the burning cable tray to the vertical target cable
tray using the solid flame radiation model.
(2) Determine if the IEEE-383 cable tray (target) is damaged.
Assumptions:
(1) The fire source will be nearly circular.
(2) The correlation for solid flame radiation model is suitable for most fuels.
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Spreadsheet (FDT®) Information:
Use the following FDT*:

(a) 05.1_Heat_Flux_Calculations_Wind_Free.xlIs (click on Solid Flame 2)

FDT?® Inputs:

Results*

-Mass Burning Rate of Fuel (th"| = 0.0037 kg/m?-sec

-Effective Heat of Combustion of Fuel (AH_ ) = 28,300 kJ/kg
-Fuel Spill Area or Curb Area (A_,,) = 20 ft°

-Distance between Fire Source and Target (L) = 9 ft
-Vertical Distance of Target from Ground (H, = H,,) = 6 ft

Note: Since the insulation material (XPE/FRXPE) is not available in the thermal
properties data of the spreadsheet, we have to input the mass burning rate and
effective heat of combustion in the spreadsheet. Values of cable materials
properties are available in Table 3-4. Select User-Specified Value, and enter
the th" and AH_ values from Table 3-4.

Radiation Model | Radiant Heat Flux Cable Failure
q" kW (Btu/ft>-sec)

Solid Flame 0.60 (0.05) No,
q: < q::l:ﬂrhl

*see spreadsheet on next page
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Spreadsheet Calculations
FDT®: 05.1_Heat_Flux_Calculations_Wind_Free.xls (Solid Flame 2)

CHAPTER 5. ESTIMATING RADMANT HEAT FLUX FEOM FIRE TO A TARGET
FUEL ABOVE GROUND LEVEL UNDER WIND-FREE CONDITION

SOLID FLAME RADIATION MODEL

“Wersion 13050

The Bhowhg cakrlation: esthmat the radlatle be at s from pocifie batrpthel

The prpose ofthh caknlaton b estmak the @dbton ransm fed fom a bare kg el armay © a @get

e lpostoned some ditce Trom te TR aboue g Bveltode®m e ¥iecondary KnRbas ae kel wEh oo w .
Parameters In VELLCWCELL § ars Entrad by the Ueer.

Parameters In GREEN ZELLS are Aubmalecally Selec®d from the DROP CSOAN MENL for the Fusl Sal e ted.
Algabzequentoriprivales are caknbied by the spreadibestand based on valves spciied b the hprt
parametarz. Thk spreack ke et b protected and secn e o avokl ermom dee ©awonge vy I acellis.

The chap® r b the NUREG £ houkl e 2 a0l betore an avakik b mack .

INPUT PARAMETERS

Mazs By Fak oTFue ln % 0.0037 ko -rec

Etfective HeatoT Combuston oTF el idH. 5 FALZE ZEI00|k)R
EmpricalConstntkl 20 [m

He atRe kase Rate &0 194 S6fky

FrelarzaorDke ARa .0 20.00m 1z m
DEtance between Flre and Tang til) agoln 274E2m
Wertbal Ditarce of Targ tfrom Gronad (H = H GO0 1588 m

OFTIONAL CALCULATION FOR GWEN HEAT RELEASE RATE
eleot ™l wer Spealied Value” from Fuel Typs Menuand Ener Your HRRhers 1 [ Juw
THERMAL PROFERTIES DBTA
EURHNING EATE DATA FOR FUELS
Frel Mazs Barning Rak [Heatof Combaston Emplrtal Costrt Select Fuel Type
L FY R A T kR (m ") [ user sps omted vaine E

Metianol 0017 20,000 100 Soroll todesired fusl type hien
Ethaiol 0013 26,500 100 Click on selec ion
E vtang 0078 k700 2.7
i e 0 D& 40,100 2.7
LERETT 007 Liyon 1.9
He ptan e 0.101 Ligoo 1.1
YRR 009 0E00 1.4
e 1 004 23500 1.9
Dioxane 0018 26,200 B
Dty Ethe 1 0085 34200 0.7
JEeazhe 004 700 3.0
G A ollee 0035 L3700 Z.1
Feroslie 003 3200 3.3
DE e 0045 Lhdoo 2.1

P-4 0031 43500 3.6

P 0054 43000 1.6
[TErstmerd Il Hydiocabo 0030 4E000 0.7
56 1S Ikon Transtome r Flvkl 0005 28,100 100
Fue 10, He awy 0035 39,700 T

sk O 0 0333 2500 2.8
Lk o0 0030 4E000 0.7
Dok Fir P ywocd 001082 10200 100
UserSpechkd vahe Entervahe Evervale Evervale
RERIENE T SFe s HaVThoes. of Fre FroRekor ST Een , 3 Bl ki, 00 Page 300,
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ESTIMATING RADTIWE HEAT FLUXTO A TARGET FUEL
ReRIENE | 5FFE Hanalooh of e FotectibnSnpireerng, 3 B, D02, Pape 3270

SOLID FLAME RADIATION MODEL

i = EF
Where

Pool Are DlamsBrZaleulaton

Q7 = Wcklentradiatve beat o on e wEet &
E=emEsbe powe rorthe pool T fame &Win
F o= vkw Tactor betws e v targe tand the flam 2

Bu,=aD'i

D=wia, m

Where A= gnmace area of poo e dn s
O = pool The diam® i

D= 1.54m

Emnlselve Powsr Caleulaton

E= 358 (10 ]

Where E=g&mbsle powerofthe poolThe flame £
O=dlametroftie poolfie oG

E= 36,33 kWM

Waw Faetor Caleulation

F - IEAZEn (S -1 el ASHlan (53 DS 00 +A R @A -1l A+ TS
F - AT (PO -1 i T G DT DG A TR -1

& = oS HDES

& - S DS

E= S

5- 2RO

b= 2H./D

bo- 2H./D

Fooom Frazus+F

Wker F .. =tlvertalutw fcor

Oistance from Centerofthe Pool

FE=dktic fom ceterofthe posife ©edie otthe wEEtm
Ho= ke kbt of the poolThe fame )
O = poal T diam eter s

Are to Edge of 118 Targs tCalculaton

F=L+D2

When Fo=dletance Trom cener of the poo e D edge ofthe @g tin
L=cb e eween poolfe and targ t )
O = pool The diam eter in’

F=L+D2Z=- 351 m

Heat Ralsa e Rats Caleulation

CmmTEH -8 G A
Whemr O = poolfe beat B kase e KW

m”=mazs bom g rate ot melpernabsamac: aga om <ec

AH = efectbe heator combog ton otTee | EJRd

A= gnriace aea oTpoo e aea hvoled b vapozation) n

EE=emplral consant an

O = cllame® rof ool e dhmeer Wuoke d i vaporEaton, chcylarpol B assimed dnd
Q= 13456 KW

Pool Are Rame Helght Salculation

H=0.2350 -1020

Whemr Ho=flame ke bt dn
O o= heatekate rake offre 0
O=TIE cliame®r

H= 0366 m

Sm 2RO - 4567

b =2H D= 2378

b =2H./D= 2¢H-H, 50 = -1.4502

Bom il HT TS - 3012
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R =diative Hemt Flux Caculdion
q"= EF ez

[lg = 057 kKim® 005 Btuft™ sec

NHOTE

The above calculations are based on principles developed in the SFPE Handbook of Fire Protection
En;:lineerin;:l.S“I Edition, 2002.

C aleulations are bazed on certain assumplions and hawve inherent limitations. The resule of such
caleculations may or may not hawe reasonable predictive capabilties for a given situation, and should
only be interpreted by an informed user.

Although each caleulation inthe spreadsheet has been werified with the results of hand calculation,
there iz no absolute guarantee of the accuracy of these calculations.

Aony questions, comments, concerns, and suggestions, or to report an arroris) in the s preadsheet,
please send an email to re<if@nrcogow or mes @O gow.

5-54



ERRATA
NUREG-1805 Fire Dynamics Tools (FDT)* - Quantitative Fire Hazard Analysis Methods for the
U.S. Nuclear Regulatory Commission Fire Protection Inspection Program

Page 5-12, Equation 5-15

Replace
b+t ) _
tan-' _Vb-1 _a +(b+1) —2(b+1+absm8)tan_1\/g (b_1)+
nF oy = nyB? -1 JAB B (b+1)

sin® ab - (b” - 1)sing (b? - 1)sine

tan™ ttan' 71
Ve Vb? - 1yC Jb? -14C

by

tan-" b+1_a2+(b+1)2_2(b+1+absin8)tan_1\/g (b_1)+
b1 VAB B (b+1)

F1aam = S [tan1 ab- (b2 » 1)sine y (b2—1)sm9J




Page 17-2, Table 17-1

Replace

Table 17-1. Standard Time-Temperature Curve Points

Time Temperature °C (°F)
5 min 38 (100)
10 min 704 (1,300)
30 min 843 (1,550)
1 hr 927 (1,700)
2 hr 1,010 (1,850)
4 hr 1,093 (2,000)
By

Table 17-1. Standard Time-Temperature Curve Points

Time Temperature °C (°F)
5 min 538 (1,000)

10 min 704 (1,300)

30 min 843 (1,550)

1 hr 927 (1,700)

2 hr 1,010 (1,850)

4 hr 1,093 (2,000)

8 hr 1,260 (2,300)




Page 2-12, Equation (2-6)
Replace

2 (0.4 kpc)
s~ %

mc,

By

And:
DT, = upper layer gas temperature rise above ambient (T, - T,) (K)
k = thermal conductivity of the interior lining (kW/m-K)
A, = area of the compartment boundaries surface (m?)
r = density of the interior lining (kg/m?®)
¢ = thermal capacity of the interior lining (kJ/kg-K)

¢ = heat release rate of the fire (kW)

m = mass of the gas in the compartment (kQ)
¢, = specific heat of air (kJ/kg-k)

t = exposure time (sec)



	Chapter 5


Point Source

		CHAPTER 5.  ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

		FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

		POINT SOURCE RADIATION MODEL

		Version 1805.0

		The following calculations estimate the radiative heat flux from a pool fire to a target fuel.

		The purpose of this calculation is to estimate the radiation transmitted from a burning fuel array to a target

		fuel positioned some distance from the fire at ground level to determine if secondary ignitions are likely with no wind.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass Burning Rate of Fuel (m")								0.039		kg/m2-sec

				Effective Heat of Combustion of Fuel (DHc,eff)						0		46000		kJ/kg

				Empirical Constant (kb)								0.7		m-1

				Heat Release Rate (Q)								771.52		kW

				Fuel Area or Dike Area (Adike)								9.00		ft2		0.84		m2

				Distance between Fire and Target (L)								10.00		ft		3.048		m

				Radiative Fraction (cr)								0.30

		OPTIONAL CALCULATION FOR GIVEN HEAT RELEASE RATE

				Select "User Specified Value" from Fuel Type Menu and Enter Your HRR here →										kW

												Calculate

		THERMAL PROPERTIES DATA

		BURNING RATE DATA FOR FUELS

				Fuel		Mass Burning Rate		Heat of Combustion				Empirical Constant		Select Fuel Type

						m" (kg/m2-sec)		DHc,eff (kJ/kg)				kb (m-1)

				Methanol		0.017		20,000				100		Scroll to desired fuel type then

				Ethanol		0.015		26,800				100		Click on selection

				Butane		0.078		45,700				2.7

				Benzene		0.085		40,100				2.7

				Hexane		0.074		44,700				1.9

				Heptane		0.101		44,600				1.1

				Xylene		0.09		40,800				1.4

				Acetone		0.041		25,800				1.9

				Dioxane		0.018		26,200				5.4

				Diethy Ether		0.085		34,200				0.7

				Benzine		0.048		44,700				3.6

				Gasoline		0.055		43,700				2.1

				Kerosine		0.039		43,200				3.5

				Diesel		0.045		44,400				2.1

				JP-4		0.051		43,500				3.6

				JP-5		0.054		43,000				1.6

				Transformer Oil, Hydrocarbon		0.039		46,000				0.7

				561 Silicon Transformer Fluid		0.005		28,100				100

				Fuel Oil, Heavy		0.035		39,700				1.7

				Crude Oil		0.0335		42,600				2.8

				Lube Oil		0.039		46,000				0.7

				Douglas Fir Plywood		0.01082		10,900				100

				User Specified Value		Enter Value		Enter Value				Enter Value

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-26.

		ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL

				Reference: SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-272.

				POINT SOURCE RADIATION MODEL

				q" = Q cr / 4 p R2

				Where		q" = incident radiative heat flux on the target (kW/m2)

						Q = pool fire heat release rate (kW)

						cr = radiative fraction

						R = distance from center of the pool fire to edge of the target (m)

				Pool Fire Diameter Calculation

				Adike = pD2/4

				D = √(4Adike/p)

				Where		Adike = surface area of pool fire (m2)

						D = pool fire diamter (m)

				D =		1.03		m

				Heat Release Rate Calculation

				Q = m"DHc,eff (1 - e-kb D) Af

				Where		Q = pool fire heat release rate (kW)

						m" = mass burning rate of fuel per unit surface area (kg/m2-sec)

						DHc = effective heat of combustion of fuel (kJ/kg)

						Af = surface area of pool fire (area involved in vaporization) (m2)

						kb = empirical constant (m-1)

						D = diameter of pool fire (diameter involved in vaporization, circular pool is assumed) (m)

				Q =		771.52		kW

				Distance from Center of the Fire to Edge of the Target Calculation

				R = L+D/2

				Where		R = distance from center of the pool fire to edge of the target (m)

						L = distance between pool fire and target (m)

						D = pool fire diameter (m)

				R =		3.56		m

				Radiative Heat Flux Calculation

				q" = Q cr / 4 p R2

				q" =		1.45		kW/m2		0.13		Btu/ft2-sec

				The above calculations are based on principles developed in the SFPE Handbook of Fire Protection

				Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results of such

				calculations may or may not have reasonable predictive capabilities for a given situation, and

				should only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand calculation,

				there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet,

				please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision								Date

		1805.0		Original issue with final text.								January 2005



&L&6Office of Nuclear Reactor Regulation
Division of Systems Safety and Analysis
Plant Systems Branch
Fire Protection Engineering and Special Projects Section

&C&7&P

This default value (0.30) is the most appropriate value for the majority of analyses.  You may change this value for your specific application.  If you change this value please ensure that it is appropriate.



Solid Flame 1

		CHAPTER 5.  ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

		FUEL AT GROUND LEVEL UNDER WIND-FREE CONDITION

		SOLID FLAME RADIATION MODEL

		Version 1805.0

		The following calculations estimate the radiative heat flux from a pool fire to a target fuel.

		The purpose of this calculation is to estimate the radiation transmitted from a burning fuel array to a target

		fuel positioned some distance from the fire at ground level to determine if secondary ignitions are likely with no wind.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass Burning Rate of Fuel (m")								0.039		kg/m2-sec

				Effective Heat of Combustion of Fuel (DHc,eff)						0		46000		kJ/kg

				Empirical Constant (kb)								0.7		m-1

				Heat Release Rate (Q)								771.52		kW

				Fuel Area or Dike Area (Adike)								9.00		ft2		0.84		m2

				Distance between Fire and Target (L)								10.00		ft		3.048		m

		OPTIONAL CALCULATION FOR GIVEN HEAT RELEASE RATE

				Select "User Specified Value" from Fuel Type Menu and Enter Your HRR here →										kW

												Calculate

		THERMAL PROPERTIES DATA

		BURNING RATE DATA FOR FUELS

				Fuel		Mass Burning Rate		Heat of Combustion				Empirical Constant		Select Fuel Type

						m" (kg/m2-sec)		DHc,eff (kJ/kg)				kb (m-1)

				Methanol		0.017		20,000				100		Scroll to desired fuel type then

				Ethanol		0.015		26,800				100		Click on selection

				Butane		0.078		45,700				2.7

				Benzene		0.085		40,100				2.7

				Hexane		0.074		44,700				1.9

				Heptane		0.101		44,600				1.1

				Xylene		0.09		40,800				1.4

				Acetone		0.041		25,800				1.9

				Dioxane		0.018		26,200				5.4

				Diethy Ether		0.085		34,200				0.7

				Benzine		0.048		44,700				3.6

				Gasoline		0.055		43,700				2.1

				Kerosine		0.039		43,200				3.5

				Diesel		0.045		44,400				2.1

				JP-4		0.051		43,500				3.6

				JP-5		0.054		43,000				1.6

				Transformer Oil, Hydrocarbon		0.039		46,000				0.7

				561 Silicon Transformer Fluid		0.005		28,100				100

				Fuel Oil, Heavy		0.035		39,700				1.7

				Crude Oil		0.0335		42,600				2.8

				Lube Oil		0.039		46,000				0.7

				Douglas Fir Plywood		0.01082		10,900				100

				User Specified Value		Enter Value		Enter Value				Enter Value

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-26.

		ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL

				Reference: SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-276.

				SOLID FLAME RADIATION MODEL

				q" = EF1->2

				Where		q" = incident radiative heat flux on the target (kW/m2)

						E = emissive power of the pool fire flame (kW/m2)

						F1->2 = view factor between target and the flame

				Pool Fire Diameter Calculation

				Adike = pD2/4

				D = √(4Adike/p)

				Where		Adike = surface area of pool fire (m2)

						D = pool fire diamter (m)

				D =		1.03		m

				Emissive Power Calculation

				E =		58 (10-0.00823 D)

				Where		E = emissive power of the pool fire flame (kW/m2)

						D = diameter of the pool fire (m)

				E =		56.88		kW/m2

				View Factor Calculation

				F1->2,H =		(B-1/S)/p(B2-1)1/2 tan-1 ((B+1) (S-1)/(B-1)(S+1))1/2-(A-1/S)/(p(A2-1)1/2) tan-1 ((A+1)(S-1)/(A-1)(S+1))1/2

				F1->2,V =		1/(pS) tan-1(h/(S2-1)1/2)-(h/pS) tan-1 ((S-1)/(S+1))1/2 + Ah/pS(A2-1)1/2 tan-1 ((A+1)(S-1)/(A-1)(S+1))1/2

				A =		(h2+S2+1)/2S

				B =		(1+S2)/2S

				S =		2R/D

				h =		2Hf/D

				F1->2,max =		√(F21->2,H + F21->2,V)

				Where		F1->2,H = horizontal view factor

						F1->2,V = vertical view factor

						F1->2,max = maximum view factor

						R = distance from center of the pool fire to edge of the target (m)

						Hf = height  of the pool fire flame (m)

						D = pool fire diameter (m)

				Distance from Center of the Pool Fire to Edge of the Target Calculation

				R = L + D/2

				Where		R = distance from center of the pool fire to edge of the target (m)

						L = distance between pool fire and target (m)

						D = pool fire diameter (m)

				R = L + D/2 =		3.564		m

				Heat Release Rate Calculation

				Q = m"DHc,eff (1 - e-kb D) Adike

				Where		Q = pool fire heat release rate (kW)

						m" = mass burning rate of fuel per unit surface area (kg/m2-sec)

						DHc = effective heat of combustion of fuel (kJ/kg)

						Adike = surface area of pool fire (area involved in vaporization) (m2)

						kb = empirical constant (m-1)

						D = diameter of pool fire (diameter involved in vaporization, circular pool is assumed) (m)

				Q =		771.52		kW

				Pool Fire Flame Height Calculation

				Hf = 0.235 Q2/5-1.02 D

				Where		Hf = flame height (m)

						Q = heat release rate of fire (kW)

						D = fire diameter (m)

				Hf =		2.305		m

				S = 2R/D =		6.908

				h = 2Hf/D =		4.468

				A = (h2+S2+1)/2S =		4.971

				B = (1+S2)/2S =		3.526

										FH1		FH2		FH3		FH4		F1->2,H

				F1->2,H =		0.016				0.318		0.858		0.315		0.814		0.016

				F1->2,V =		0.051				FV1		FV2		FV3		FV4		F1->2,V

				F1->2, max = √(F21->2,H + F21->2,V) =		0.054				0.027		0.147		0.210		0.814		0.051

				Radiative Heat Flux Calculation

				q" = EF1->2

				q" =		3.05		kW/m2		0.27		Btu/ft2-sec

				The above calculations are based on principles developed in the SFPE Handbook of Fire Protection

				Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results of such

				calculations may or may not have reasonable predictive capabilities for a given situation, and should

				only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand calculation,

				there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet,

				please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision										Date

		1805.0		Original issue with final text.										January 2005
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Solid Flame 2

		CHAPTER 5.  ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

		FUEL ABOVE GROUND LEVEL UNDER WIND-FREE CONDITION

		SOLID FLAME RADIATION MODEL

		Version 1805.0

		The following calculations estimate the radiative heat flux from pool fire to a target fuel.

		The purpose of this calculation is to estimate the radiation transmitted from a burning fuel array to a target

		fuel positioned some distance from the fire above ground level to determine if secondary ignitions are likely with no wind.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass Burning Rate of Fuel (m")								0.039		kg/m2-sec

				Effective Heat of Combustion of Fuel (DHc,eff)						0		46000		kJ/kg

				Empirical Constant (kb)								0.7		m-1

				Heat Release Rate (Q)								841.15		kW

				Fuel Area or Dike Area (Adike)								9.60		ft2		0.89		m2

				Distance between Fire and Target (L)								10.00		ft		3.048		m

				Vertical Distance of Target from Ground (H1 = Hf1)								8.00		ft		2.4384		m

		OPTIONAL CALCULATION FOR GIVEN HEAT RELEASE RATE

				Select "User Specified Value" from Fuel Type Menu and Enter Your HRR here →										kW

												Calculate

		THERMAL PROPERTIES DATA

		BURNING RATE DATA FOR FUELS

				Fuel		Mass Burning Rate		Heat of Combustion				Empirical Constant		Select Fuel Type

						m" (kg/m2-sec)		DHc,eff (kJ/kg)				kb (m-1)

				Methanol		0.017		20,000				100		Scroll to desired fuel type then

				Ethanol		0.015		26,800				100		Click on selection

				Butane		0.078		45,700				2.7

				Benzene		0.085		40,100				2.7

				Hexane		0.074		44,700				1.9

				Heptane		0.101		44,600				1.1

				Xylene		0.09		40,800				1.4

				Acetone		0.041		25,800				1.9

				Dioxane		0.018		26,200				5.4

				Diethy Ether		0.085		34,200				0.7

				Benzine		0.048		44,700				3.6

				Gasoline		0.055		43,700				2.1

				Kerosine		0.039		43,200				3.5

				Diesel		0.045		44,400				2.1

				JP-4		0.051		43,500				3.6

				JP-5		0.054		43,000				1.6

				Transformer Oil, Hydrocarbon		0.039		46,000				0.7

				561 Silicon Transformer Fluid		0.005		28,100				100

				Fuel Oil, Heavy		0.035		39,700				1.7

				Crude Oil		0.0335		42,600				2.8

				Lube Oil		0.039		46,000				0.7

				Douglas Fir Plywood		0.01082		10,900				100

				User Specified Value		Enter Value		Enter Value				Enter Value

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-26.

		ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL

				Reference: SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-276.

				SOLID FLAME RADIATION MODEL

				q" = EF1->2

				Where		q" = incident radiative heat flux on the target (kW/m2)

						E = emissive power of the pool fire flame (kW/m2)

						F1->2 = view factor between target and the flame

				Pool Fire Diameter Calculation

				Adike = pD2/4

				D = √(4Adike/p)

				Where		Adike = surface area of pool fire (m2)

						D = pool fire diamter (m)

				D =		1.07		m

				Emissive Power Calculation

				E = 58 (10-0.00823 D)

				Where		E = emissive power of the pool fire flame (kW/m2)

						D = diameter of the pool fire (m)

				E =		56.84		(kW/m2)

				View Factor Calculation

				F1->2,V1 =		1/(pS)tan-1(h1/(S2-1)1/2)-(h1/pS)tan-1((S-1)/(S+1))1/2+A1h1/pS(A12-1)1/2tan-1((A1+1)(S-1)/(A1-1)(S+1))1/2

				F1->2,V2 =		1/(pS)tan-1(h2/(S2-1)1/2)-(h2/pS)tan-1((S-1)/(S+1))1/2+A2h2/pS(A22-1)1/2tan-1((A2+1)(S-1)/(A2-1)(S+1))1/2

				A1 =		(h12+S2+1)/2S

				A2 =		(h22+S2+1)/2S

				B =		(1+S2)/2S

				S =		2R/D

				h1 =		2Hf1/D

				h2 =		2Hf2/D

				F1->2,V=		F1->2,V1 + F1->2,V2

				Where		F1->2,V = total vertical view factor

						R = distance from center of the pool fire to edge of the target (m)

						Hf = height  of the pool fire flame (m)

						D = pool fire diameter (m)

				Distance from Center of the Pool Fire to Edge of the Target Calculation

				R = L + D/2

				Where		R = distance from center of the pool fire to edge of the target (m)

						L = distance between pool fire and target (m)

						D = pool fire diameter (m)

				R = L+D/2 =		3.581		m

				Heat Release Rate Calculation

				Q = m"DHc,eff (1 - e-kb D) Adike

				Where		Q = pool fire heat release rate (kW)

						m" = mass burning rate of fuel per unit surface area (kg/m2-sec)

						DHc = effective heat of combustion of fuel (kJ/kg)

						Adike = surface area of pool fire (area involved in vaporization) (m2)

						kb = empirical constant (m-1)

						D = diameter of pool fire (diameter involved in vaporization, circular pool is assumed) (m)

				Q =		841.15		kW

				Pool Fire Flame Height Calculation

				Hf = 0.235 Q2/5-1.02 D

				Where		Hf = flame height (m)

						Q = heat release rate of fire (kW)

						D = fire diameter (m)

				Hf =		2.389		m

				S = 2R/D =		6.721

				h1 = 2Hf1/D =		4.576

				h2  = 2Hf2/D =		2(Hf-Hf1)/D =		-0.094

				A1 = (h12+S2+1)/2S =				4.993

				A2 = (h22+S2+1)/2S =				3.435

				B = (1+S2)/2S =				3.435

										FV1		FV2		FV3		FV4		F1->2,V1

				F1->2,V1 =		0.054				0.029		0.154		0.221		0.812		0.054

				F1->2,V2 =		-0.002				FV1		FV2		FV3		FV4		F1->2,V2

				F1->2, V = F1->2,V1 + F1->2,V2 =		0.053				-0.001		-0.003		-0.005		0.860		-0.002

				Radiative Heat Flux Calculation

				q" = EF1->2

				q" =		2.99		kW/m2		0.26		Btu/ft2-sec

				The above calculations are based on principles developed in the SFPE Handbook of Fire Protection

				Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results of such

				calculations may or may not have reasonable predictive capabilities for a given situation, and should

				only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand calculation,

				there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet,

				please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision										Date

		1805.0		Original issue with final text.										January 2005



&L&6Office of Nuclear Reactor Regulation
Division of Systems Safety and Analysis
Plant Systems Branch
Fire Protection Engineering and Special Projects Section

&C&7&P







Lube Oil









Lube Oil




NOTE






NOTE




Answer






Answer




NOTE






NOTE










Answer






Answer








Transformer Oil, Hydrocarbon









Transformer Oil, Hydrocarbon








Transformer Oil, Hydrocarbon









Transformer Oil, Hydrocarbon




NOTE






NOTE




Answer






Answer





Solid Flame 1

		CHAPTER 5.  ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

		FUEL AT GROUND LEVEL IN PRESENCE OF WIND (TILTED FLAME)

		SOLID FLAME RADIATION MODEL

		Version 1805.1

		The following calculations estimate the radiative heat flux from a pool fire to a target fuel in the presence of wind.

		The purpose of this calculation is to estimate the radiation transmitted from a burning fuel array to a target

		fuel positioned some distance from the fire at ground level to determine if secondary ignitions are likely in presence of wind.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass Burning Rate of Fuel (m")								0.039		kg/m2-sec

				Effective Heat of Combustion of Fuel (DHc,eff)								46000		kJ/kg

				Empirical Constant (kb)								0.7		m-1

				Fuel Area or Dike Area (Adike)								9.00		ft2		0.836		m2

				Distance between Fire and Target (L)								10.00		ft		3.048		m

				Wind Speed or Velocity (uw)								700		ft/min		3.56		m/sec

				Ambient Air Temperature (Ta)								77.00		°F		25.00		°C

																298.00		K

				Gravitational Acceleration (g)								9.81		m/sec2

				Ambient Air Density (ra)								1.18		kg/m3

												Calculate

				Note:  Air density will automatically correct with Ambient Air Temperature (Ta) Input

		THERMAL PROPERTIES DATA

		BURNING RATE DATA FOR FUELS

				Fuel		Mass Burning Rate		Heat of Combustion		Empirical Constant		Select Fuel Type

						m" (kg/m2-sec)		DHc,eff (kJ/kg)		kb (m-1)

				Methanol		0.017		20,000		100		Scroll to desired fuel type then

				Ethanol		0.015		26,800		100		Click on selection

				Butane		0.078		45,700		2.7

				Benzene		0.085		40,100		2.7

				Hexane		0.074		44,700		1.9

				Heptane		0.101		44,600		1.1

				Xylene		0.09		40,800		1.4

				Acetone		0.041		25,800		1.9

				Dioxane		0.018		26,200		5.4

				Diethy Ether		0.085		34,200		0.7

				Benzine		0.048		44,700		3.6

				Gasoline		0.055		43,700		2.1

				Kerosine		0.039		43,200		3.5

				Diesel		0.045		44,400		2.1

				JP-4		0.051		43,500		3.6

				JP-5		0.054		43,000		1.6

				Transformer Oil, Hydrocarbon		0.039		46,000		0.7

				561 Silicon Transformer Fluid		0.005		28,100		100

				Fuel Oil, Heavy		0.035		39,700		1.7

				Crude Oil		0.0335		42,600		2.8

				Lube Oil		0.039		46,000		0.7

				Douglas Fir Plywood		0.01082		10,900		100

				User Specified Value		Enter Value		Enter Value		Enter Value

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-26.

		ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL IN PRESENCE OF WIND

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 1995, Page 3-276.

				SOLID FLAME RADIATION MODEL IN PRESENCE OF WIND

				q" = EF1->2

				Where		q" = incident radiative heat flux on the target (kW/m2)

						E = emissive power of the pool fire flame (kW/m2)

						F1->2 = view factor between target and the flame in presence of wind

				Pool Fire Diameter Calculation

				Adike = pD2/4

				D = √(4 Adike/p)

				Where		Adike = surface area of pool fire (m2)

						D = pool fire diamter (m)

				D =		1.03		m

				Pool Fire Radius Calculation

				r = D/2

				Where		r = pool fire radius (m)

						D = pool fire diameter (m)

				r =		0.52		m

				Flame Emissive Power Calculation

				E = 58 (10-0.00823 D)

				Where		E = emissive power of the pool fire flame (kW/m2)

						D = diameter of the pool fire (m)

				E =		56.88		kW/m2

				View Factor Calculation in Presence of Wind

				p F1->2,H =		tan-1(b+1/b-1)0.5-(a2 + (b + 1)2 - 2 (b + 1 +ab Sin q)/(AB)0.5 tan-1 (A/B)0.5/((b - 1)/(b + 1))0.5 +Sinq/(C)0.5 (tan-1 ((ab - (b2 - 1)Sinq)/ (b2 - 1) (C)0.5) + tan-1 ((b2 - 1) Sinq/(b2-1)0.5 (C)0.5)

				p F1->2,V =		(a Cosq/(b - a Sinq)) (a2 + (b + 1)2 - 2b (1 + a Sinq))/ (AB)0.5 (tan-1 (A/B)0.5 ((b - 1)/(b + 1))0.5 + Cosq/(C)0.5 ((tan-1 (ab - (b2-1) Sinq)/((b2 - 1) (C)0.5 + tan-1 (b2-1) Sinq/(b2 - 1)0.5 (C)0.5)) - (a Cosq)/(b - a Sinq) (tan-1 (b - 1/b + 1)

				a = Hf/r

				b = R/r

				A = a2 + (b +1)2 - 2a (b + 1) sinq

				B = a2 + (b - 1)2 - 2a (b - 1) sinq

				C = 1 + (b2 - 1) Cos2q

				F1->2,max = √(F21->2,H + F21->2,V)

				Where		F1->2,H = horizontal view factor

						F1->2,V = vertical view factor

						F1->2,max = maximum view factor

						R = distance from center of the pool fire to edge of the target (m)

						Hf = height  of the pool fire flame (m)

						r = pool fire radius (m)

						q = flame tilt or angle of deflection (radians)

				Distance from Center of the Pool Fire to Edge of the Target Calculation

				R = L+r =		3.56		m

				Where		R = distance from center of the pool fire to edge of the target (m)

						L = Distance between fire and target

						r = pool fire radius (m)

				Heat Release Rate Calculation

				Q = m"DHc,eff (1 - e-kb D) Adike

				Where		Q = pool fire heat release rate (kW)

						m" = mass burning rate of fuel per unit surface area (kg/m2-sec)

						DHc = effective heat of combustion of fuel (kJ/kg)

						Adike = surface area of pool fire (area involved in vaporization) (m2)

						kb = empirical constant (m-1)

						D = diameter of pool fire (diameter involved in vaporization, circular pool is assumed) (m)

				Q =		771.52		kW

				Pool Fire Flame Height Calculation

				Hf = 55 D (m"/ra (√g D)) 0.67 (u*)-0.21

				Where		Hf = nondimensional wind velocity

						m" = mass burning rate of fuel (kg/m2-sec)

						D = pool fire diameter (m)

						ra = ambient air density (kg/m3)

						g = gravitational acceleration (m/sec2)

						u* = nondimensional wind velocity

				Nondimensional Wind Velocity Calculation

				u* = uw/(g m" D/ra)1/3

				Where		u* = nondimensional wind velocity

						uw = wind velocity (m/sec)

						g = gravitational acceleration (m/sec2)

						m" = mass burning rate of fuel (kg/m2-sec)

						D = pool fire diameter (m)

						ra = ambient air density (kg/m3)

				u* = uw/(g m" D/ra)1/3

				u* =		5.129

				Hf = 55D (m"/ra (√g D))0.67 (u*)-0.21

				Hf =		1.88		m

				Flame Tilt or Angle of Deflection Calculation

				COS q = 1		for u* ≤ 1

				COS q = 1 / √(u*)		for u* ≥ 1

				Since u* ≥ 1

				q=		ACOS(1/(u*)^0.5) =		1.113		Rad		63.80		degree

								1.113		Rad		63.80		degree

								0		Rad		0.00		degree

				a = Hf/r =		3.65

				b = R/r =		6.91

				A = a2 + (b +1)2 - 2a (b + 1) sinq =		24.07

				B = a2 + (b - 1)2 - 2a (b - 1) sinq =		9.53

				C = 1 + (b2 - 1) Cos2q =		10.11

										FH1		FH2		FH3		FH4		FH5		FH6				F1->2,H

				F1->2,H =		0.020				0.858		0.977		0.941		0.282		-0.655		1.093				0.0195728192

				F1->2,V =		0.066				FV1		FV2		FV3		FV4		FV5		FV6				FV7		F1->2,V

				F1->2, max = √(F21->2,H + F21->2,V) =		0.069				0.444		1.109		0.941		0.139		-0.655		1.093				0.316		0.0661084707

				Radiative Heat Flux Calculation in Presence of Wind

				q" = EF1->2

				q" =		3.92		kW/m2		0.35		Btu/ft2-sec

				The above calculations are based on principles developed in the SFPE Handbook of Fire Protection

				Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results of such

				calculations may or may not have reasonable predictive capabilities for a given situation, and should

				only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand calculation,

				there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet,

				please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision								Date

		1805.0		Original issue with final text.								January 2005

		1805.1		Corrected typo in Cell C85.  Corrected programing errors in Cells G156 and M158.								April 2005
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This default value (9.81) is the most appropriate value for the majority of analyses.  You may change this value for your specific application.  If you change this value please ensure that it is appropriate.



Solid Flame 2

		CHAPTER 5.  ESTIMATING RADIANT HEAT FLUX FROM FIRE TO A TARGET

		FUEL ABOVE GROUND LEVEL IN PRESENCE OF WIND (TILTED FLAME)

		SOLID FLAME RADIATION MODEL

		Version 1805.0

		The following calculations estimate the radiative heat flux from a pool fire to a target fuel in the presence of wind.

		The purpose of this calculation is to estimate the radiation transmitted from a burning fuel array to a target

		fuel positioned some distance from the fire above ground level to determine if secondary ignitions are likely in presence of wind.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass Burning Rate of Fuel (m")								0.039		kg/m2-sec

				Effective Heat of Combustion of Fuel (DHc,eff)								46000		kJ/kg

				Empirical Constant (kb)								0.7		m-1

				Fuel Area or Dike Area (Adike)								16.00		ft2		1.49		m2

				Distance between Fire and Target (L)								15.00		ft		4.572		m

				Vertical Distance of Target from Ground Level (H1 = Hf1)								8.00		ft		2.4384		m

				Wind Speed or Velocity (uw)								700		ft/min		3.56		m/sec

				Ambient Air Temperature (Ta)								77.00		°F		25.00		°C

																298.00		K

				Gravitational Acceleration (g)								9.81		m/sec2

				Ambient Air Density (ra)								1.18		kg/m3

												Calculate

				Note:  Air density will automatically correct with Ambient Air Temperature (Ta) Input

		THERMAL PROPERTIES DATA

		BURNING RATE DATA FOR FUELS

				Fuel		Mass Burning Rate		Heat of Combustion		Empirical Constant		Select Fuel Type

						m" (kg/m2-sec)		DHc,eff (kJ/kg)		kb (m-1)

				Methanol		0.017		20,000		100		Scroll to desired fuel type then

				Ethanol		0.015		26,800		100		Click on selection

				Butane		0.078		45,700		2.7

				Benzene		0.085		40,100		2.7

				Hexane		0.074		44,700		1.9

				Heptane		0.101		44,600		1.1

				Xylene		0.09		40,800		1.4

				Acetone		0.041		25,800		1.9

				Dioxane		0.018		26,200		5.4

				Diethy Ether		0.085		34,200		0.7

				Benzine		0.048		44,700		3.6

				Gasoline		0.055		43,700		2.1

				Kerosine		0.039		43,200		3.5

				Diesel		0.045		44,400		2.1

				JP-4		0.051		43,500		3.6

				JP-5		0.054		43,000		1.6

				Transformer Oil, Hydrocarbon		0.039		46,000		0.7

				561 Silicon Transformer Fluid		0.005		28,100		100

				Fuel Oil, Heavy		0.035		39,700		1.7

				Crude Oil		0.0335		42,600		2.8

				Lube Oil		0.039		46,000		0.7

				Douglas Fir Plywood		0.01082		10,900		100

				User Specified Value		Enter Value		Enter Value		Enter Value

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-26.

		ESTIMATING RADIATIVE HEAT FLUX TO A TARGET FUEL IN PRESENCE OF WIND

				Reference:  SFPE Handbook of Fire Protection Engineering, 3rd Edition, 1995, Page 3-272.

				SOLID FLAME RADIATION MODEL IN PRESENCE OF WIND

				q" = EF1->2

				Where		q" = incident radiative heat flux on the target (kW/m2)

						E = emissive power of the pool fire flame (kW/m2)

						F1->2 = view factor between target and the flame in presence of wind

				Pool Fire Diameter Calculation

				Adike = pD2/4

				D = √(4 Adike/p)

				Where		Adike = surface area of pool fire (m2)

						D = pool fire diamter (m)

				D =		1.38		m

				Pool Fire Radius Calculation

				r =		D/2

				r =		0.69		m

				Flame Emissive Power Calculation

				E = 58 (10-0.00823 D)

				Where		E = emissive power of the pool fire flame (kW/m2)

						D = diameter of the pool fire (m)

				E =		56.51		(kW/m2)

				View Factor Calculation in Presence of Wind

				p F1->2,V1 =		(a1 Cosq/(b - a1 Sinq)) (a12 + (b + 1)2 - 2b (1 + a1 Sinq))/ (A1B1)0.5 (tan-1 (A1/B1)0.5 ((b - 1)/(b + 1))0.5 + Cosq/(C)0.5 ((tan-1 (a1b - (b2-1) Sinq)/((b2 - 1) (C)0.5 + tan-1 (b2-1) Sinq/(b2 - 1)0.5 (C)0.5)) - (a1 Cosq)/(b - a1 Sinq) (tan-1 (b - 1/b + 1)

				p F1->2,V2 =		(a2 Cosq/(b - a2 Sinq)) (a22 + (b + 1)2 - 2b (1 + a2 Sinq))/ (A2B2)0.5 (tan-1 (A2/B2)0.5 ((b - 1)/(b + 1))0.5 + Cosq/(C)0.5 ((tan-1 (a2b - (b2-1) Sinq)/((b2 - 1) (C)0.5 + tan-1 (b2-1) Sinq/(b2 - 1)0.5 (C)0.5)) - (a2 Cosq)/(b - a2 Sinq) (tan-1 (b - 1/b + 1)

				A1 =		a12 + (b +1)2 - 2a1 (b + 1) sinq

				A2 =		a22 + (b +1)2 - 2a2 (b + 1) sinq

				B1 =		a12 + (b - 1)2 - 2a1 (b - 1) sinq

				B2 =		a22 + (b - 1)2 - 2a2 (b - 1) sinq

				C =		1 + (b2 - 1) Cos2q

				a1 =		2Hf1/r = 2H1/r

				a2 =		2Hf2/r = 2 (Hf - Hf1)/r

				b =		R/r

				F1->2,V = F1->2,V1 + F1->2,V2

				Where		F1->2,V = total vertical view factor in presence of wind

						R = distance from center of the pool fire to edge of the target (m)

						Hf = height  of the pool fire flame (m)

						r = pool fire radius (m)

						q = flame tilt or angle of deflection (radians)

				Distance from Center of the Pool Fire to Edge of the Target Calculation

				R = L+ r =		5.26		m

				Where		R = distance from center of the pool fire to edge of the target (m)

						L = Distance between Fire and Target

						r = pool fire radius (m)

				Heat Release Rate Calculation

				Q = m"DHc,eff (1 - e-kb D) Adike

				Where		Q = pool fire heat release rate (kW)

						m" = mass burning rate of fuel per unit surface area (kg/m2-sec)

						DHc = effective heat of combustion of fuel (kJ/kg)

						Adike = surface area of pool fire (area involved in vaporization) (m2)

						kb = empirical constant (m-1)

						D = diameter of pool fire (diameter involved in vaporization, circular pool is assumed) (m)

				Q =		1648.70		kW

				Pool Fire Flame Height Calculation

				Hf = 55 D (m"/ra √(g D))0.67 (u*)-0.21

				Where		Hf = flem height (m)

						m" = mass burning rate of fuel (kg/m2-sec)

						D = pool fire diameter (m)

						ra = ambient air density (kg/m3)

						g = gravitational acceleration (m/sec2)

						u* = nondimensional wind velocity

				Nondimensional Wind Velocity Calculation

				u* = uw/(g m" D/ra)1/3

				Where		u* = nondimensional wind velocity

						uw = wind velocity (m/sec)

						g = gravitational acceleration (m/sec2)

						m" = mass burning rate of fuel (kg/m2-sec)

						D = pool fire diameter (m)

						ra = ambient air density (kg/m3)

				u* = uw/(g m" D/ra)1/3

				u* =		4.660

				Hf = 55 D (m"/ra (√g D))0.67 (u*)-0.21

				Hf =		2.33		m

				Flame Tilt or Angle of Deflection Calculation

				COS q = 1		for u* ≤ 1

				COS q = 1 / (√u*)		for u* ≥ 1

				Since u* ≥ 1

				q =		ACOS(1/(u*)^0.5) =		1.089		Rad		62.40		degree

								1.089		Rad		62.40		degree

								0		Rad		0.00		degree

				A1 = a12 + (b +1)2 - 2a1 (b + 1) sinq =				16.37

				A2 = a22 + (b +1)2 - 2a2 (b + 1) sinq =				79.87

				B1 = a12 + (b - 1)2 - 2a1 (b - 1) sinq =				10.92

				B2 = a22 + (b - 1)2 - 2a2 (b - 1) sinq =				48.13

				C = 1 + (b2 - 1) Cos2q =				13.33

				a1 = 2Hf1/r = 2H1/r =				7.09

				a2 = 2Hf2/r = 2 (Hf - Hf1)/r =				-0.33

				b = R/r =				7.65

				F1->2,V1		0.13854				FV1		FV2		FV3		FV4		FV5		FV6		FV7		F1->2,V1

				F1->2,V2		0.04716				2.409		1.021		0.821		0.127		0.118		1.073		1.734		0.1385396223

				F1->2 = F1->2,V1 + F1->2,V2 =		0.18570				FV1		FV2		FV3		FV4		FV5		FV6		FV7		F1->2,V2

										-0.019		1.032		0.846		0.127		0.118		1.073		-0.014		0.047160754

				Radiative Heat Flux Calculation in Presence of Wind

				q" = EF1->2

				q" =		10.49		kW/m2		0.92		Btu/ft2-sec

				The above calculations are based on principles developed in the SFPE Handbook of Fire Protection

				Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results of such

				calculations may or may not have reasonable predictive capabilities for a given situation, and should

				only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand calculation,

				there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet,

				please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision								Date

		1805.0		Original issue with final text.								January 2005
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This default value (9.81) is the most appropriate value for the majority of analyses.  You may change this value for your specific application.  If you change this value please ensure that it is appropriate.
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Fireball_Heat_Flux-Calculations

		CHAPTER 5.  ESTIMATING THERMAL RADIATION FROM HYDROCARBON

		FIREBALLS

		Version 1805.0

		The following calculations estimate the thermal heat flux from hydrocarbon fuel vapors received by an object.

		Parameters in YELLOW CELLS are Entered by the User.

		Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Fuel Selected.

		All subsequent output values are calculated by the spreadsheet and based on values specified in the input

		parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s).

		The chapter in the NUREG should be read before an analysis is made.

		INPUT PARAMETERS

				Mass of Fuel Vapor (mF)								10.00		lb		4.54		kg

				Distance at Ground Level from the Origin (L)								300		ft		91.44		m

				Fuel Vapor Density (rF)								0.10		kg/m3

												Calculate

		THERMAL PROPERTIES DATA

		Vapor Densities of Hydrocarbon Fuels at Normal Temperature and Pressure

				Fuel		Fuel Vapor Density		Select Fuel Type

						rF (kg/m3)

				Acetone		2.00		Scroll to desired fuel type then Click on selection

				Acetylene		0.90

				Benzene		2.80

				Butane		2.00

				Carbon Monoxide		1.00

				Cyclohexane		29.00

				Ethanal		1.50

				Ethane		1.00

				Ethylene		1.00

				Gasoline		3.49

				Heptane		3.50

				Hexane		3.00

				Hydrogen		0.10

				Methane		0.60

				Methanol		1.10

				Octene		3.90

				Propane		1.60

				Propylene		1.50

				Styrene		3.60

				Toluene		3.10

				Xylene		3.70

				User Specified Value		Enter Value

				Reference: NFPA 325, Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids, 1994 Edition.

		ESTIMATING THERMAL RADIATION FROM HYDROCARBON FIREBALLS

		METHOF OF HASEGAWA AND SATO

				Reference: SFPE Handbook of Fire Protection Engineering, 3rd Edition, 2002, Page 3-306.

				q"r = 828 (mF)0.771/ R2

				Where		q"r = thermal radiation from fireball (kW/m2)

						mF = mass of fuel vapor (kg)

						R = distance from the center of the fireball to the target (m)

				Volume of the Fireball Fuel Calculation

				VF = mF/rF

				Where		VF = volume of fuel vapor (m3)

						mF = mass of fuel vapor (kg)

						rF = fuel vapor density (kg/m3)

				VF =		45.36		m3

				Fireball Flame Height Calculation

				Zp = 12.73 (VF)1/3

				Where		Zp = height of the maximum visible flame (m)

						VF = volume of fuel vapor (m3)

				Zp =		45.40		m

				Distance from the Center of the Fireball to the Target Calculation

				R = √(Zp2 + L2)

				Where		R = distance from center of the fireball to the target (m)

						Zp = height of the maximum visible flame (m)

						L = distance at ground level from the origin (m)

				R =		102.09		m

				Maximum Heat Flux on Target

				q"r = 828 (mF)0.771/ R2

				q"r =		0.25		kW/m2		0.02		Btu/ft2-sec

				Diameter of the Fireball

				D = 5.25 (mF)0.314

				Where		D = maximum fireball diameter (m)

						mF = mass of fuel vapor (kg)

				D =		8.44		m		27.69		ft

				Duration of the Fireball

				tp = 2.8 (VF)1/6

				Where		tp = time of the fireball (sec)

						VF = volume of fuel vapor (m3)

				tp =		5.29		sec		0.09		min

				The above calculations are based on principles developed in the SFPE Handbook of Fire

				Protection Engineering, 3rd Edition, 2002.

				Calculations are based on certain assumptions and have inherent limitations.  The results

				of such calculations may or may not have reasonable predictive capabilities for a given

				situation, and should only be interpreted by an informed user.

				Although each calculation in the spreadsheet has been verified with the results of hand

				calculation, there is no absolute guarantee of the accuracy of these calculations.

				Any questions, comments, concerns, and suggestions, or to report an error(s) in the

				spreadsheets, please send an email to nxi@nrc.gov or mxs3@nrc.gov.

		Prepared by:				Date				Organization

		Checked by:				Date				Organization

		Additional Information

		Revision Log		Description of Revision								Date

		1805.0		Original issue with final text.								January 2005
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