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Abstract 
 
A number of calculation suites, including FPETOOL, ASKFRS and FIRECALC, have been 
developed for estimating different aspects of enclosure fire dynamics.  Here, a number of 
spreadsheet templates have been developed, along with appropriate documentation, for 
performing fire dynamics calculations.  Some of these templates duplicate calculations that are 
available in other calculation suites, while others incorporate calculations developed for arson 
investigators under the auspices of the Bureau of Alcohol, Tobacco and Firearms. 
 
INTRODUCTION 
 
A number of spreadsheet templates have been developed for the calculation of different aspects 
of building fire dynamics. Originally programmed as QuattroPro templates and later adapted to 
Microsoft Excel for Windows, some of these templates are adaptations of the fire formulas 
collected by Nelson (1986) and incorporated in FPETOOL (Nelson, 1990).  Other templates 
incorporate calculations presented at a short course for arson investigators given at the 
University of Maryland (Quintiere, et al., 1993) to agents of the Bureau of Alcohol, Tobacco and 
Firearms (ATF). 
 
Spreadsheet templates offer a number of advantages over alternative fire calculation suites, such 
as FPETOOL (Nelson, 1990), ASKFRS (Chitty and Cox, 1988) and FIRECALC (CSIRO, 1991).  
Spreadsheets are widely used to perform many types of calculations, from simple financial 
balance sheets to detailed scientific models; consequently, many people are familiar with their 
use, structure and interface.  User input can be entered in random order and recalculations can be 
made by simply changing the input for one or more parameters.  This contrasts with the need to 
reenter all input parameters for each recalculation that is required of some alternative fire 
calculation programs.  Finally, spreadsheet programs offer sophisticated built-in graphing tools 
that permit calculation results to be graphed conveniently.  QuattroPro, the spreadsheet program 
originally used to develop the fire calculation templates also permits annotated drawings to be 
inserted directly into a template.  This feature has been used to present illustrations of the fire 
scenario being considered by a template as well as to identify key parameters used for a 
calculation.  This feature was considered important for the original audience for these templates: 
arson and fire investigators with limited experience with fire dynamics calculations. 
 
Spreadsheet templates also have some disadvantages with respect to alternative fire calculation 
suites.  For example, the development of programs and algorithms with complicated control 
logic and subroutines is not practical with spreadsheets.  Traditional programming languages, 
such as BASIC, FORTRAN and C, handle such logic much better.  But for relatively simple 
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calculations and algorithms such as those developed here for certain fire dynamics calculations, 
spreadsheet templates offer a convenient alternative to algorithms developed with traditional 
programming languages. 
 
THE FIRE CALCULATION TEMPLATES 
 
Twenty-one spreadsheet templates have been developed.  Most of these templates perform 
calculations of different aspects of enclosure fires.  Two of the templates, FUELDATA and 
THERMPRP, contain data on fuel properties and boundary thermal properties, respectively.  
Template names are listed alphabetically in Table 1 along with a brief description of the 
calculation performed by each template. 
 

TABLE 1. Alphabetical listing of fire calculation spreadsheet templates 
 
TEMPLATE NAME BRIEF DESCRIPTION 
ATRIATMP Estimate of atrium smoke temperature 
BUOYHEAD Buoyant gas head caused by a smoke layer 
BURNRATE Estimate of fuel burning rate history 
CJTEMP Estimate of temperature rise in an unconfined ceiling jet 
DETACT Estimate of the response time of ceiling mounted fire detectors 
FLAMSPRD Calculation of lateral flame spread velocity 
FLASHOVR Estimates of the heat release rate needed to cause flashover 
FUELDATA Thermophysical data for some common fuels 
GASCONQS Estimate of gas species concentrations under quasi-steady fire 

conditions 
IGNTIME Estimate of the time to ignite a thermally thick solid exposed to a 

constant heat flux 
LAYDSCNT Estimate of smoke layer descent rate due to entrainment only 
LAYERTMP Estimate of hot gas layer temperature in an enclosure with a 

single rectangular wall opening 
MASSBAL Estimate of the mass flow rate for a compartment with a single 

rectangular wall opening 
MECHVENT Estimate of fire conditions in a mechanically ventilated space 
PLUMEFIL Estimate of the volumetric rate of smoke flow in a plume 
PLUMETMP Estimate of temperature rise in a fire plume 
RADIGN Radiant ignition of a near fuel 
ROOFVENT Estimate of smoke flow through a roof vent 
STACK Estimate of smoke flow rate through vents under the influence of 

stack effect and buoyancy 
TEMPRISE Estimate of the average temperature rise in a closed room fire 
THERMPRP Thermal properties of boundary materials 
 
The spreadsheet templates were originally developed with QuattroPro version 4.0 (QPRO4) on a 
PC running under MS-DOS 6.0. For this version, each template has a filename extension of 
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WQ1. Subsequently, the templates have been imported into a single Microsoft Excel (Windows 
version 3.1) template with the filename “ATFSS.XLS.” Each of the original templates 
constitutes a separate worksheet in this Excel file; each worksheet has the original template 
name. 
 
 
USE OF THE TEMPLATES 
 
Users of the QPRO4 version of the templates must have a copy of QPRO4, or a later version, 
installed on the computer.  The templates themselves are relatively small, so they should run on 
any computer on which QPRO4 runs.  The user should consult the documentation for QPRO4 to 
determine the minimum acceptable computer configuration.  Users of the Excel version of the 
templates must run the Excel program under Windows 98 or later. 
 
The fire calculation templates are not compatible with versions of QuattroPro prior to 4.0.  They 
could be converted to be compatible, if necessary, but some of the features of the templates, such 
as the inclusion of graphs and drawings in the template, might be lost.  Therefore, it is 
recommended that users of previous versions of QuattroPro upgrade to version 4.0 or later in 
order to take full advantage of the templates.  Annotated drawings have not yet been 
incorporated into the Excel version of the templates. 
 
It is assumed that users of the templates are familiar with the use of the appropriate spreadsheet 
program.  Users not familiar with the use of QPRO4 or Excel should consult the documentation 
for the program. 
 
Use of the fire calculation templates requires some understanding of the dynamics of building 
fires.  The templates should not be treated as "black boxes" that perform unknown calculations, 
but rather should be used to aid the computation of different aspects of enclosure fires and to 
conveniently explore the effects of parametric changes on calculated results.  The user can use 
these calculations as one of the bases for developing opinions and conclusions regarding an 
actual or assumed fire scenario, but it is the responsibility of the user to exercise sound judgment 
in the interpretation of calculations.   
 
Each template is documented in the Appendix of this paper.  For each template, the 
documentation, modeled after the FIRECALC manual, includes the following sections: 
 
• APPLICATION - A brief statement of the intended uses of the template. 
• BACKGROUND - A summary of relevant concepts, principles and research. 
• LIMITATIONS - A brief description of some of the known limitations of the template. 
• INPUT PARAMETERS - Descriptions of each of the input parameters. 
• CALCULATED PARAMETERS - Descriptions of each of the calculated parameters. 
• REFERENCES - A listing of relevant literature on the topic of the template. 
 
Some templates also have a CALCULATION RESULTS section.  Users should become familiar 
with this documentation to learn the uses, bases and limitations of the different templates. 
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SUMMARY 
 
A number of spreadsheet templates have been developed for the calculation of different aspects 
of building fire dynamics.  These templates can be used individually or collectively to estimate 
fire conditions in enclosures.  Similar in many respects to other fire calculation suites, including 
FPETOOL, ASKFRS and FIRECALC, the spreadsheet templates offer a convenient alternative 
platform for performing calculations of fire dynamics. 
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NOMENCLATURE 
 
Nomenclature used in the descriptions for the templates is summarized here. 
 
A Area (m2) 
Ag g c To p o/ ( )ρ  (0.028 m2/kg) 
cp Specific heat (kJ/kg-K) 
C Discharge coefficient (-) 
d Thickness, depth, distance (m) 
D Diameter (m) 
E Energy content (kJ) 
f Mass yield factor (kg/kg fuel) 
g Gravitational constant (9.8 m/s2) 
h Height above smoke layer interface (m) 
hk Effective heat transfer coefficient (kW/m2-K) 
H Height from fire source to ceiling(m) 
Hd Smoke layer interface height (m) 
Hn Neutral plane height (m) 
Ho Opening height (m) 
∆Hc Fuel heat of combustion (kJ/kg) 
k Boundary conductivity (kW/m-K) or 
 Fire growth coefficient (kW/sn) 
kLF Fire location factor 
km Mass entrainment coefficient 
kT Temperature coefficient 
ku Velocity coefficient 
kρc Thermal inertia ((kW/m2-K)2s) 
L Length (m) 
m Mass (kg) 
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&m Mass flow rate (kg/s) 
n Fire growth power 
∆P  Pressure rise above ambient (Pa) 
& ′′q  Heat flux (kW/m2) 
&Q Heat release rate (kW) 

r Stoichiometric ratio (kg air/kg fuel) 
R Radial distance (m) 
RTI Response time index (m-s)1/2 
t Time (s) 
∆t  Time step (s) 
T Temperature (C or K) 
dT Temperature rise above ambient (C) 
∆T  Temperature rise above ambient (C) 
v Velocity (m/s) 
V Volume (m3) 
&V  Volumetric flow rate (m3/s) 

W Width of space (m) 
X Volume fraction (-) 
Xc Convective fraction 
Xl Heat loss fraction 
Xr Radiative fraction 
Y Mass fraction (-) 
z Height above fire source (m) 
zo Virtual origin (m) 
 
Φ Flame spread parameter 
φ Equivalence ratio (-) 
ρ Density (kg/m3) 
τ Time constant (s) 
χO2 Oxygen consumption fraction 
 
Subscripts      
 
a Actuation, air 
b Burning, base 
bo Burnout 
c Convective      
cj Ceiling jet 
d Detector 
e Exit 
ent Entrainment 
ex Excess 
exp Expansion 
ext Extraction 
f Fire, fuel 
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fl Flame 
fo Flashover 
g Gas, growth 
HGL Hot gas layer 
i In, inlet 
ig Ignition 
inj Injection 
l Lower, transport lag 
lim Limit 
m Mass 
max Maximum 
min Minimum 
n Net, neutral plane 
o Ambient, outside, opening, outlet 
pl Plume 
r Radiative 
s Suppression, specie 
T, tot Total 
u Upper 
v Vent 
 
Superscripts 
 
" Per unit area (m-2) 
 
 
REFERENCES 
 
This is the master reference list for the spreadsheet template documentation.  Each document has 
a REFERENCES section, where short citations are listed.  The complete citations for these 
references are listed below. 
 
Alpert, R.L., 1972, "Calculation of Response Time of Ceiling-mounted Fire Detectors," Fire 
Technology, 8, 181-195. 
 
Alpert, R.L. and E.J. Ward, 1984, "Evaluation of Unsprinklered Fire Hazards," Fire Safety 
Journal, 7, 127-143. 
 
Babrauskas, V., 1980, "Estimating Room Flashover Potential," Fire Technology, Vol. 16, No. 2., 
pp. 94-103. 
 
Babrauskas, V., 1981, "Will the Second Item Ignite?," Fire Safety Journal, 4. 
 
Babrauskas, V., 1984, "Upholstered Furniture Room Fires - Measurements, Comparison with 
Furniture Calorimeter Data, and Flashover Predictions," Journal of Fire Sciences, 2, 5-18. 
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Babrauskas, V. and Krasny, J., 1985, "Fire Behavior of Upholstered Furniture," NBS Monograph 
173, National Bureau of Standards, Gaithersburg, MD. 
 
Babrauskas, V., 1988, "Burning Rates," Section 2/Chapter 1 of SFPE Handbook of Fire 
Protection Engineering, P. DiNenno, Ed-in-Chief, National Fire Protection Association, Quincy, 
MA. 
 
Bukowski, R.W., Peacock, R.D., Jones, W.W, and Forney, C.L., 1989, "Software User's Guide 
for the HAZARD I Fire Assessment Method," NIST Handbook 146, Volume I, National Institute 
of Standards and Technology, Gaithersburg, MD. 
 
Chitty, R. and Cox, G., 1988, "ASKFRS - An Interactive Computer Program for Conducting Fire 
Engineering Estimations," Building Research Establishment,  Department of the Environment, 
Borehamwood, UK. 
 
Cooper, L.Y., 1988, "Compartment Fire-Generated Environment and Smoke Filling," Section 
2/Chapter 7 of SFPE Handbook of Fire Protection Engineering, P. DiNenno, Ed-in-Chief, 
National Fire Protection Association, Quincy, MA. 
 
CSIRO, 1991, "FIRECALC Computer Software for the Fire Engineering Professional, Version 
2.2, User's Manual," CSIRO Division of Building, Construction and Engineering, North Ryde, 
Australia.  
 
Deal, S. and Beyler, C., 1990, "Correlating Preflashover Room Fire Temperatures," J. of Fire 
Prot. Engr., 2(2), 33-48. 
 
Delichatsios, M.A., 1981, "The Flow of Fire Gases Under a Beamed Ceiling," Combustion and 
Flame, 43, 1-10. 
 
Evans, D. and Stroup, D., 1985, "Methods to Calculate the Response Time of Heat and Smoke 
Detectors Installed Below Large Unobstructed Ceilings," Fire Technology, 22, 1, 54-65. 
 
Heskestad, G. and Smith, H., 1976, "Investigation of a New Sprinkler Sensitivity Approval Test: 
The Plunge Test," Technical Report Serial No. 22485. RC 76-T-50, Factory Mutual Research 
Corp., Norwood, MA. 
 
Heskested, G., 1984, "Engineering Relations for Fire Plumes," Fire Safety Journal, 7, 25-32. 
 
McCaffrey, B., Quintiere, J. and Harkleroad, M., 1981, "Estimating Room Fire Temperatures 
and the Likelihood of Flashover using Fire Test Data Correlations," Fire Technology, 17, 2., 98-
119. 
 
Milke, J. and Mowrer, F.W., 1993, "A Design Algorithm for Smoke Management Systems in 
Atria and Covered Malls," Report No. FP93-04, Department of Fire Protection Engineering, 
University of Maryland, College Park, MD. 
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Mowrer, F.W. and Williamson, R.B., 1990, "Methods to Characterize Heat Release Rate Data," 
Fire Safety Journal, 16, 367-387. 
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NISTIR 4380, National Institute of Standards and Technology, Gaithersburg, MD. 
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ATRIATMP TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the approximate average temperature rise in the hot gas 
layer that develops in a large open space such as an atrium.  
 
 
BACKGROUND 
 
This template uses a formula based on plume dynamics developed by Nelson, et al. (1984) to 
estimate the average temperature rise in a hot gas layer in a large space.  This formula can be 
expressed as: 
 

 








+

=∆

3/2

3/5

8.391

220

Q
z

T

&

        (1) 

 
Nelson, et al. (1984) developed a limit fire size for which Equation 1 applies: 
 
 &

lim
/Q z≤ 333 5 2           (2) 

 
 
LIMITATIONS 
 
1. The formula is based on a quasi-steady flow condition where smoke is extracted at the rate 

needed to maintain the smoke layer at the specified distance above the fire.  The volumetric 
extraction rate needed to maintain the smoke layer at the specifed location can be estimated 
with the PLUMEFIL template. 

 
2. The formula are based on a relatively small temperature rise in the hot gas layer.  As the 

temperature in the hot gas layer increases, the loss of heat to the boundaries increases.  
Cooper (1988) determined that the accuracy of Equation 1 diminishes for large fires, so the 
limitation expressed by Equation 2 applies. 
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INPUT PARAMETERS 
 
The input parameters for the ATRIATMP template include the following, listed in the order of 
entry: 
 
Height (Z) 
 
This is the distance from the top of the fire source up to the smoke layer interface, expressed in 
meters. 
 
Fire HRR (Q) 
 
This is the heat release rate of the fire, expressed in kW.  The calculation assumes quasi-steady 
conditions, so a steady fire size must be entered. 
 
 
CALCULATED PARAMETERS  
 
The calculated parameters for the ATRIATMP template include: 
 
Temp. Rise (dT) 
 
This is the average temperature rise of the hot gas layer, expressed in °C.  This parameter is 
calculated by substituting the values for the two input parameters into Equation 1. 
 
Max Q 
 
This is the maximum fire size, expressed in kW, for which Equation 1 is considered valid.  The 
value reported in this cell is calculated using Equation 2, with the value for Z entered by the 
user.  The user must determine if the input value for the heat release rate exceeds the value 
reported in this cell.  If so, then the calculation should not be considered valid. 
 
 
OPERATION 
 
Use of the ATRIATMP template only requires entry of the required input parameters for the 
desired scenario.  Values for calculated parameters are recalculated immediately upon change of 
either of the two input parameters.  The user must verify that the value entered for the fire heat 
release rate is less than the calculated maximum heat release rate. 
 
 
REFERENCES 
 
Nelson, H.E., et al. (1984) 
Nelson, H.E. (1990) 
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BUOYHEAD TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the pressure differential, gas velocity and unit mass flow 
rate caused by the buoyancy of a layer of hot gases beneath a ceiling.  
 
 
BACKGROUND 
 
The difference in density between a hot gas layer and the surrounding atmosphere results in 
hydrostatic pressure differences between a fire space and adjacent spaces.  These pressure 
differentials cause flow through available openings.  The pressure differential caused by density 
differences in a column of gases can be expressed as: 
 
 ∆P gho= −( )ρ ρ          (1) 
 
Assuming ideal gas behavior and small pressure changes relative to the ambient pressure (i.e., ∆
P « Patm) , the density at any temperature is related to the temperature as: 
 

 ρ ρ
= o oT

T
          (2) 

 
Equation 2 can be substituted into Equation 1 to yield the pressure differential as a function of 
the ambient temperature, To, the smoke layer temperature, Tu, and the elevation difference, z, 
from the smoke layer interface up to the location of interest in the smoke layer: 
 

 







−=∆

u

o
o T

T
ghP 1ρ          (3) 

 
For flow through a relatively small orifice, , such as a hole in a wall or a roof vent, Bernoulli's 
Equation can be applied to estimate the velocity of the gas flow induced by this pressure 
differential: 
 

 v P
=

2∆
ρ

          (4) 

 
The mass flow rate per unit area of opening associated with this velocity is  
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 & ′′ = = =m v P Pρ ρ
ρ

ρ2 2∆
∆         (5) 

 
The density term in Equations 4 and 5 is the density of the gases in the hot gas layer.  It is 
calculated using Equation 2 with the smoke temperature entered by the user. 
 
 
LIMITATIONS 
 
1. The calculation of the pressure differential assumes that the smoke layer interface represents 

the location of the neutral pressure plane, which is the elevation where the inside pressure 
and the outside pressure are equal.  This will be true for spaces with relatively large openings 
beneath the smoke layer interface and relatively restricted openings above the smoke layer 
interface.  For spaces with restricted openings beneath the smoke layer interface, the neutral 
pressure plane will be located an appreciable distance above the smoke layer interface.  For 
this situation, the calculations of BUOYHEAD will overestimate the pressure differential, 
velocity and unit mass flow rate through an opening in the hot gas layer.  The STACK 
template takes these and other effects into account; it can be used as an alternative to the 
BUOYHEAD template. 

 
2. The calculations performed in BUOYHEAD are based on the outside temperature and the 

lower layer temperature being equal.  Consequently, stack effect is not considered.  Stack 
effect is accounted for in the STACK template.  

 
 
INPUT PARAMETERS 
 
The input parameters for the BUOYHEAD template include the following, listed in the order of 
entry: 
 
Elevation difference (Z) 
 
This is the distance from the smoke layer interface up to the location of interest within the smoke 
layer, expressed in meters. 
 
Smoke temperature (Tu) 
 
This is the average temperature of the hot gas layer, expressed in °C.  For calculation purposes, 
the template converts temperatures to units of K as needed. 
 
Ambient temperature (To) 
 
This is the ambient temperature, expressed in °C.  It is assumed that the lower layer temperature 
and the outside temperature are the same so there is no stack effect. 
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CALCULATED PARAMETERS  
 
The calculated parameters for the BUOYHEAD template include: 
 
 
Pressure differential (dP) 
 
This is the pressure rise of the hot gas layer relative to the ambient pressure of 101,325 Pascals, 
expressed in Pascals.  This parameter is calculated by substituting the values for the input 
parameters into Equation 3. 
 
Gas velocity (v) 
 
This is the velocity of exiting fire gases, expressed in m/s, induced by the pressure differential 
calculated in Equation 3.  The velocity is calculated by Equation 4 using the results of Equation 
3. 
 
Unit mass flow rate (m") 
 
This is the mass flow rate per unit area of opening, expressed in kg/s-m2.  The unit mass flow 
rate is calculated by Equation 5 using the gas velocity calculated in Equation 4.  To evaluate the 
total mass flow rate through an opening, the unit mass flow rate should be multiplied by the area 
of the opening. 
 
 
OPERATION 
 
Use of the BUOYHEAD template only requires entry of the required input parameters for the 
desired scenario.  Values for calculated parameters are recalculated immediately upon change of 
either of the two input parameters. 
 
 
REFERENCES 
 
No references cited. 
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BURNRATE TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the burning rate history of a flammable liquid pool fire.  
Among other things, it is useful for estimating the contribution of a liquid accelerant to a fire.  T-
squared fire growth and decay curves are used for this estimate. 
 
 
BACKGROUND 
 
This template estimates the fire history for a flammable liquid pool fire based on a number of 
assumptions and approximations.  The fire is assumed to grow as a t-squared fire at a user 
specified growth rate.  Once burnout commences, the fire is assumed to decay at the same rate as 
it grew.  Mowrer and Williamson (1990) developed an algorithm for this type of fire history.  
This algorithm can be expressed as: 
 
 & min , &maxQ kt Q= 2     for t ≤ tbo 
            (1) 
 & max ,min , & ( )maxQ kt Q k t tbo= − −0 2 2  for t > tbo 
 
Babrauskas (1988) provides additional guidance on and data for estimating burning rates of 
liquid pools.   
 
 
LIMITATIONS 
 
This template relies completely on the user entry of input parameters.  The heat release rate 
history algorithm will yield reasonable representations of fire histories provided the input 
parameters are accurately specified. 
 
 
INPUT PARAMETERS 
 
FUEL 
 
The entry in this cell is used only to identify the type of fuel.  It is not used in any calculations 
and no checks are made that the user has used fuel properties consistent with the fuel entry. 
 
FUEL DENSITY (ρ) 
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This is the density of the liquid fuel, expressed in kg/m3.  Densities for a number of common 
fuels are tabulated in the FUELDATA template. 
 
 
HEAT OF COMB (dHc) 
 
This is the heat of combustion of the fuel, expressed in MJ/kg.  Heats of combustion for a 
number of common fuels are tabulated in the FUELDATA template. 
 
FUEL QUANTITY (V) 
 
This is an estimate of the volume of liquid fuel involved in the fire, expressed in liters. 
 
FIRE DIAMETER (D) 
 
This is an estimate of the diameter of the liquid pool fire, expressed in meters. 
 
PEAK UNIT HRR (Q") 
 
This is an estimate of the peak heat release rate per unit area of pool, expressed in kW/m2.  
Representative unit heat release rate values are tabulated in the FUELDATA template for a 
number of liquid fuels.  The unit heat release rate is known to be a function of the fire diameter 
for relatively small fires.  Babrauskas (1988) provides guidance on estimating burning rates of 
liquid pools as a function of fire diameter. 
 
FIRE GROWTH RATE (k) 
 
This is the fire growth coefficient for a t-squared fire, expressed in units of kW/s2. 
 
 
CALCULATED PARAMETERS  
 
FUEL MASS (mf) 
 
This is the total mass of the liquid fuel, expressed in units of kg.  The total mass of fuel is 
calculated simply as the product of the density (p) by the quantity of the fuel, corrected for the 
difference in units in the input parameters: 
 
 m kg m V liters m litersf f f= × ×ρ ( / ) ( ) ( / )3 31 1000      (2) 
 
FIRE AREA (Af) 
 
The fire area is assumed to be a circular pool with a diameter of D, which is entered by the user. 
 
 A Df = π

2 4/           (3) 
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FUEL DEPTH (d) 
 
The depth of the fuel is simply the volume of the fuel divided by the area of the pool: 
 

 d
V
A

f

f

=           (4) 

 
ENERGY CONTENT (E) 
 
The energy content of the fuel is the mass of the fuel multiplied by the fuel heat of combustion: 
 
 E m Hf c= ∆           (5) 
 
PEAK HRR (Qmax) 
 
The peak heat release rate is calculated as the product of the unit heat release rate by the pool 
area: 
 
 & &

maxQ Q Af= ′′           (6) 
 
BURNOUT TIME (tbo) 
 
This is the time when the fire starts to decay.  It is estimated as the total energy content of the 
fuel divided by the peak heat release rate: 
 

 t E
Qbo = &

max

          (7) 

 
 
OPERATION 
 
The user enters each of the input parameters, then the template calculates each of the calculated 
parameters and generates a table and graph of the heat release rate history.  The calculated 
parameters change with each change of input parameters, so the user can estimate burning rate 
histories dynamically. 
 
 
REFERENCES 
 
Babrauskas (1988) 
Mowrer and Williamson (1990) 
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CJTEMP TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the temperature rise in an unconfined ceiling jet.  
 
 
BACKGROUND 
 
The calculation performed in this template uses the unconfined ceiling jet correlation developed 
by Alpert and Ward (1984): 
 

 







=∆ 3/5

3/2

3/2

)(
)/(

8.6
H

Qk
Hr

T LF
cj

&
       (1) 

 
This calculation is considered valid for spaces with smooth horizontal ceilings before a hot gas 
layer forms.  Alpert and Ward suggest that the time for the hot gas layer to fill the upper half of 
the space between the fire and the ceiling can be approximated by the equation: 
 

 t A
Q HHGL = 41 1 3 2 3.
& / /          (2) 

 
This time can be used as an estimate of the time when the hot gas layer will begin to have a 
significant influence on the temperature rise in the fire plume and the ceiling jet.  After this time, 
the ceiling jet temperature calculation performed in the CJTEMP template can be expected to 
underestimate the actual temperature rise in the ceiling jet. 
 
In long narrow spaces such as corridors and in spaces with deep solid beams that act to channel 
the flow of the ceiling jet, a confined ceiling jet will exist.  The CJTEMP template does not 
consider this scenario.  See the description for the DETACT template for more information on 
this topic. 
 
 
LIMITATIONS 
 
1. The calculation only considers unconfined ceiling jets before the development of a hot gas 

layer.  After hot gas layer development, higher temperatures than calculated here can be 
expected in the ceiling jet due to the entrainment of hot gases from the hot gas layer. 

 
2. The calculation only considers ceiling jet temperatures outside of the region of plume 

impingement on the ceiling, which extends for a distance of approximately r = 0.2H.  Within 
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the plume impingement region, the PLUMETMP template can be used to calculate plume 
temperatures. 

 
 
INPUT PARAMETERS 
 
The input parameters for the CJTEMP template include the following, listed in the order of 
entry: 
 
HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire, expressed in kW. 
 
CONVECTIVE FRACTION (Xc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume.  The 
remaining fraction is radiated from the flame and plume.  Typically, approximately 30 to 40 
percent of the heat released in a fire is radiated and the remaining 60 to 70 percent is convected. 
 
CEILING HEIGHT (H) 
 
This is the distance from the top of the burning fuel to the ceiling, expressed in meters. 
 
RADIAL DISTANCE (R) 
 
This is the lateral distance, in meters, from the plume centerline to the location of the target in 
the ceiling jet. 
 
FIRE LOCATION FACTOR (kLF) 
 
The fire location factor is used to account for differences in entrainment rates and plume/ceiling 
jet temperatures that occur when fires are located adjacent to walls and in corners formed by two 
walls.  The concept of reflection has been used (Alpert and Ward, 1984) to account for these 
effects.  Appropriate fire location factors include: 
 
 

Fire location Value for kLF
Center 1 
Wall 2 
Corner 4 

 
 
 
ROOM AREA (A) 
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This is the floor area, in square meters, of the room being considered.  This parameter is used to 
calculate the time for hot gas layer development per Equation 2 above. 
 
 
CALCULATED PARAMETERS  
 
The calculated parameters for the CJTEMP template include: 
 
CONVECTIVE HRR (Qc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume and ceiling jet.  
It is calculated as: 
 
 & &Q X Qc c=  
 
FLAME HEIGHT (Zfl) 
 
This is an estimate of the flame height, in meters, above the burning fuel package.  The flame 
height is calculated as: 
 
 Z k Qfl LF= 0 2 2 5. ( & ) /  
 
If the flame height exceeds the ceiling height, it implies that the flames will impinge on the 
ceiling.  If the flame height significantly exceeds the ceiling height, the correlation used to 
calculate ceiling jet temperatures no longer applies. 
 
PLUME TEMP. RISE @ CEILING (dTpl) 
 
This is the temperature rise at the ceiling directly above the fire, in °C.  It is calculated as: 
 

 ∆T k Q
Hpl
LF= 22

2 3

5 3

( & ) /

/  

 
If the value of the temperature rise exceeds a value of approximately 900°C, it implies the 
location is immersed in the flame.  Calculated temperature rises higher than 900°C should be 
considered as approximately 900°C until the hot gas layer forms, at which time higher 
temperatures may occur. To calculate the temperature at the ceiling, the ambient temperature 
must be added to the temperature rise. 
 
CEILING JET TEMP. RISE (dTcj) 
 
This is the temperature rise in the ceiling jet at a lateral distance R from the plume centerline.  It 
is calculated with Equation 1 above. 
 
HOT GAS LAYER TIME (tHGL) 
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This is an estimate of the time, in seconds, for the hot gas layer to fill the upper half of the space 
between the top of the fire source and the ceiling.  It is calculated by Equation 2 above. 
 
 
OPERATION 
 
Use of the CJTEMP template only requires entry of the required input parameters for the desired 
scenario.  Values for calculated parameters are recalculated immediately upon change of either 
of the two input parameters. 
 
 
REFERENCES 
 
Alpert and Ward (1984) 
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DETACT TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the response time of ceiling mounted fire detectors for 
scenarios where the development of a hot gas layer is not significant prior to activation of the 
fire detector.  The template can also be used to estimate the time to thermal damage of structural 
elements and equipment located beneath the ceiling, provided effective RTIs and damage 
temperatures can be associated with these elements. 
 
 
BACKGROUND 
 
This template is based on the work of Evans and Stroup (1985), who developed the original 
DETACT model to address the scenario of a fire beneath a smooth unconfined and unobstructed 
ceiling.  Evans and Stroup applied the unconfined fire plume/ceiling jet temperature and velocity 
correlations of Alpert (1972) to the convective heating lumped capacity detector response model 
of Heskestad and Smith (1976). 
 
This template extends the DETACT model to also consider confined ceiling jets beneath smooth 
ceilings.  Confined ceiling jets occur in narrow spaces like corridors or in spaces with deep solid 
beams at the ceiling that act to channel the flow of fire gases between the beams.  The confined 
ceiling jet correlations of Delichatsios (1981) are used for these scenarios. 
 
The convective heating lumped capacity model of Heskestad and Smith suggests that the rate of 
temperature change of a detection device can be expressed as: 
 

 dT
dt

u
RTI

T Td g
g d= −( )          (1) 

 
where Td = Temperature of the detector (C) 
 Tg = Temperature of the gases at the detector (C) 
 ug = Velocity of the gases flowing past the detector (m/s) 
 RTI = Response time index of the detector (m-s)½ 
 
When the rate of change of the detector temperature calculated by Equation 1 exceeds the rate of 
rise (ROR) rating of the device, detector activation is assumed for ROR devices.  For fixed 
temperature (FT) devices, a numerical integration scheme is generally needed to calculate the 
change in detector temperature in response to changing environmental conditions.  The Euler 
method is used by the DETACT model to perform this numerical integration: 
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 T t t T t dT t
dt

td d
d( ) ( ) ( )

+ = +∆ ∆         (2) 

 
Substituting Equation 1 into Equation 2 yields the equation used to calculate the detector 
temperature as a function of time: 
 

 T t t T t
u

RTI
T t T t td d

g
g d( ) ( ) ( ) ( )+ = + −∆ ∆       (3) 

 
When the temperature of the detector calculated with Equation 3 first exceeds the activation 
temperature rating of the device, detection is assumed.  To calculate the temperature of the 
detector as a function of time, values for the gas temperature and velocity at the detector are 
needed as a function of time.  These values are obtained from fire plume/ceiling jet temperature 
and velocity correlations.  The correlations of Alpert (1972) are used for all plumes and for 
unconfined ceiling jets; those developed by Delichatsios (1981) are used for confined ceiling 
jets. 
 
The fire plume/ceiling jet correlations can be expressed in the forms:  
 

 ∆T k k Q
Hg T
LF=

( & ) /

/

2 3

5 3  (4a)  and  
3/1









=

H
QkkU LF

ug

&
  (4b) 

 
Values for kT and ku for the fire plume and ceiling jet regions can be expressed as: 
 
 R/H R/W kT ku 
Fire plume < 0.2 ALL 16.9 0.95 
Unconfined ceiling jet ≥ 0.2 < 0.5 5.4/(R/H)2/3 0.2/(R/H)5/6 
Confined ceiling jet ≥ 0.2 ≥ 0.5 















−3/1 16.0exp

)/(
2.6

H
R

HW

 

0 26
1 3

.
( / ) /W H

 

 
where H = Height above the fire source (m) 
 R = Radial distance from plume centerline to detector (m) 
 W = Width of space or distance between deep beams (m) 
 
 
LIMITATIONS 
 
1. The modified DETACT calculations performed by the DETACT template assume a smooth 

flat ceiling.  Sloped ceilings or ceilings with significant obstructions are not considered. 
 
2. The DETACT model assumes that the detector is located in the hottest part of the ceiling jet, 

which is located a short distance beneath the ceiling.  The depth of an unconfined ceiling jet 
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is approximately 10% of the vertical distance from the fire source to the ceiling.  Detectors 
located outside the ceiling jet cannot be expected to actuate until the hot gas layer reaches the 
actuation temperature of the device.  This scenario is not considered by DETACT. 

 
3. The DETACT model does not consider the conduction of heat away from the heat responsive 

element of a fire detector.  Such conduction can be a significant factor for sprinkler 
activation under conditions of slow heating because heat can conduct away from the 
sprinkler to the water-filled piping network.  More sophisticated analyses that account for 
heat conduction are needed to account for this factor. 

 
4. The DETACT model does not consider the effects of the development of a hot gas layer 

beneath the ceiling.  The development of a hot gas layer generally results in higher 
temperatures in the fire plume and ceiling jet, which in turn can result in quicker detector 
actuation than calculated by the DETACT model. 

 
5. The DETACT model is a quasi-steady model, which means that the effects of changes in fire 

conditions are assumed to be felt instantly throughout the fire plume and ceiling jet.  This 
neglects the transport lag time associated with the travel of fire gases from the fire source to 
the detector location.  This transport lag is generally insignificant in small spaces, but can be 
significant in large spaces.  The template provides an estimate of the transport lag time for 
the user's consideration. 

 
 
INPUT PARAMETERS 
 
The input parameters for the DETACT template include the following, listed in the order of 
entry: 
 
Calculation reset 
 
This parameter is used to reset the template to perform a new calculation.  A value of 0 (zero) 
should be entered in the calculation reset cell to reset the template to perform a new calculation.  
Once all other input parameters are set to the desired values, a value of 1 (one) should be entered 
in this cell to begin the calculations. 
 
Ceiling height (H) 
 
Generally, the height from the top of the fuel source to the ceiling should be entered in this cell.  
For scenarios where the detector is located in the fire plume some distance below the ceiling, 
then the actual distance between the top of the fuel source and the detector should be entered.  
For scenarios where the fuel source melts to form a burning pool on the floor, the height from the 
floor to the ceiling should be entered in this cell. 
 
Room Width (W) 
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The width of the room is entered in this cell.  This entry is needed for the template to determine 
if a confined or unconfined ceiling jet will occur.  The value entered for the room width becomes  
inconsequential for scenarios where an unconfined ceiling jet exists.  To force calculation of an 
unconfined ceiling jet scenario, an arbitrary high value (e.g., 1000 m) can be entered in this cell. 
 
Radial Distance (R) 
 
This is the lateral distance from the fire plume axis to the detector location.  For detectors 
(sprinklers) spaced on a regular grid with a spacing of S between detectors, the largest value for 
R is S S/ .2 0 707= . 
 
Ambient Temperature (To) 
 
This is the room temperature prior to the fire, in units of degrees Centigrade. 
 
Actuation Temperature (Ta) 
 
This is the listed actuation temperature of a fixed temperature (FT) detection device.  FT heat 
detectors typically have actuation temperatures of 57°C (135°F) or 91°C (196°F).  If necessary, 
manufacturer's literature can be consulted to determine the listed actuation temperature for a 
particular device. 
 
Rate of Rise Rating (ROR) 
 
This is the listed rate of rise rating of a rate of rise (ROR) detection device.  Most ROR heat 
detectors have a rating of 8.3°C/min (15°F/min), but manufacturer's literature should be 
consulted to confirm the value for a particular device. 
 
Response Time Index (RTI) 
 
The response time index is a measure of the sensitivity of a fire detection device.  The lower the 
RTI value, the more sensitive a device is and the more quickly the device will respond to 
changes in environmental conditions.  Manufacturers do not generally publish RTI values, but 
RTIs can be determined in the "plunge" test.  RTI values for listed FT and ROR heat detectors 
have been estimated based on the large-scale fire tests used to determine the listed spacings for 
these devices.  These estimated RTI values are tabulated below as a function of the listed 
spacings and ratings of these devices (Bukowski, et al., 1989). 
 
UL 
Listed  
Spacing 

 
UL Listed Activation Temperature 

 

All FM 
Listed 
Temps. 

 
(ft/m) 

128°F 
(53°C) 

135°F 
(57°C) 

145°F 
(63°C) 

160°F 
(71°C) 

170°F 
(77°C) 

196°F 
(91°C) 

 

10/3.1 894/494 738/408 586/324 436/241 358/198 217/120 436/241 
15/4.6 559/309 425/235 349/193 246/136 199/110 101/56 246/136 
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20/6.1 369/204 302/167 235/130 157/87 116/64 38/21 157/87 
25/7.6 277/153 224/124 174/96 107/59 72/40 --- 107/59 
30/9.2 212/117 179/99 136/75 81/45 49/27 --- 81/45 
40/12.2 159/88 128/71 92/51 40/22 --- ---  
50/15.3 132/73 98/54 67/37 --- --- ---  
70/21.4 81/45 54/30 20/11 --- --- ---  
 
 

Listed 
Spacing 

UL Listed Activation Rate of Temperature Rise 
 

(ft/m) 15°F/min 
(8°C/min) 

20°F/min 
(11°C/min) 

25°F/min 
(14°C/min) 

10/3.1 1834/1013 1308/722 984/543 
12.5/3.8 1453/802 1073/593 805/445 
15/4.6 1185/654 872/482 637/352 
20/6.1 872/482 581/321 425/235 
30/9.2 559/309 380/210 280/155 
40/12.2 447/247 291/161 206/114 
50/15.3 425/235 246/136 161/89 

 
Notes: 1. RTIs are shown in (ft-s)½/(m-s)½ 
 
 2. These RTIs are based on an analysis of the UL and FM test procedures used for listing 

heat detection devices.  Plunge test results will provide a more accurate RTI for a 
particular device. 

 
Fire Growth Power (n) 
 
The DETACT template can be used to analyze detector response to fires that have heat release 
rates that grow as some power of time: 
 
 &Q kt n=           (5) 
 
The fire growth power, n, is an input parameter entered by the user.  Typical values for n include 
the following: 
 
 0 Fire with a constant heat release rate 
 1 Fire that grows linearly with time 
 2 Fire that grows with the square of time (t2 fire) 
 
A fire growth power of 2, suitable for t2 fires, is the value most commonly used.  
 
Fire Growth coefficient (k) 
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The fire growth coefficient is a measure of the fire growth rate of a particular fire.  Used in 
conjunction with the fire growth power, n, in Equation 5, the fire growth coefficient is used to 
describe the fire heat release rate history for a particular scenario.  For a fire growth power, n, of 
0 (zero) used to represent a fire with a constant heat release rate, the value entered for k should 
be the steady heat release rate of the fire.  For a t2 fire, representative values of k, shown on the 
screen of the template, include: 
 

Fire growth rate 
(NFPA 72 nomenclature) 

Value for k 
(kW/s2) 

"Slow" 0.003 
"Medium" 0.012 
"Fast" 0.047 
"Ultrafast" 0.400 

 
These values are representative values only; other values can be selected for a particular 
scenario.   
 
 
 
Fire Location Factor (kLF) 
 
The fire location factor is used to account for differences in entrainment rates and plume/ceiling 
jet temperatures that occur when fires are located adjacent to walls and in corners formed by two 
walls.  The concept of reflection has been used (Alpert and Ward, 1984) (Mowrer and 
Williamson, 1987) to account for these effects.  Appropriate fire location factors include: 
 

Fire location Value for kLF
Center 1 
Wall 2 
Corner 4 

 
 
CALCULATED PARAMETERS  
 
A number of parameters are calculated to evaluate the detection time for FT and ROR detection 
devices.  The concepts related to these parameters have been discussed above in the 
BACKGROUND section.  In general, the calculated parameters are intermediate calculations, so 
the details of these calculations are not discussed.  If interested, the user can highlight the 
calculated parameter cells to learn the formulas and logic used to construct the DETACT 
template.  The cells for the calculated parameters have been protected to prevent the user from 
inadvertently overwriting the formulas in these cells. 
 
 
CALCULATION RESULTS 
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The calculation results for fixed temperature (FT) and rate of rise (ROR) detectors include the 
following parameters: 
 
Transport lag time (tl) 
 
The transport time lag is calculated based on the geometry of the space and the fire growth 
scenario entered by the user.  The equation used to calculate the transport lag time for a specified 
scenario was developed by Newman (1988): 
 

 [ ]
)3/(1

5

2.0)/(4.1
n

g
l kHA

HHRt
+












+=        (6) 

 
Equation 6 is based on analysis of unconfined ceiling jet data.  Application to confined ceiling 
jet scenarios may not be appropriate. 
 
Detection time (td) 
 
The detection time is evaluated as the time when the activation parameters of the detection 
device are first exceeded.  Separate evaluations are made for FT and ROR devices.  In general, 
ROR devices respond more quickly than FT devices to rapidly growing fires, while FT devices 
respond more rapidly than ROR devices to slowly developing fires. 
 
HRR at detection (Qd) 
 
The heat release rate at detection is the estimated fire size at the time the detection device 
actuates.  This value is based on the fire growth formula expressed by Equation 5, using the 
specified fire growth parameters, k and n, along with the detection time.  This value does not 
include consideration of the transport lag time; consequently, the heat release rate at detection 
will be underestimated for scenarios where the transport lag time is significant.   
 
HRR w/transport lag (Ql+d) 
 
The fire size at detection including consideration of the transport lag time can be estimated, for 
scenarios where a fire continues to grow at the specified rate, as: 
 
 & ( )Q k t tl d l d

n
+ = +          (7) 

 
The reported heat release rate at detection does not consider the influence of post-detection fire 
growth.  For scenarios with a suppression lag time, ts, between fire detection and the initiation of 
fire suppression activities, the heat release rate at the start of fire suppression activities can be 
estimated as: 
  & ( )Q k t t tl d s l d s

n
+ + = + +        (8) 

 
This assumes the fire continues to grow at the specified rate until fire suppression activities start. 
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OPERATION 
 
Use of the DETACT template requires entry of the required input parameters for the desired 
scenario, followed by recalculation of the template until the desired endpoint are reached.  The 
operation procedure can be summarized as follows: 
 
1. Enter a value of 0 (zero) in the "Calculation reset" cell, then press the <F9> key on the 

keyboard.  This will reset the template to begin a new calculation. 
 
2. Enter appropriate values for all the other input parameters. 
 
3. Enter a value of 1 (one) in the "Calculation reset" cell.  This will permit calculations to begin 

using the new input parameters. 
 
4. Press the <F9> key on the keyboard.  This causes the calculation to begin. 
 
5. Repeatedly press the <F9> key until the desired calculation time is reached.  The DETACT 

template has been set up to calculate 60 seconds (one minute) of simulation for each time the 
<F9> key is pressed. 

 
6. Press the <PgDn> key on the keyboard to see additional results.  The additional results 

include a table and graph of the heat release rate history and the gas and detector temperature 
histories for the first 240 seconds (4 minutes) of the simulation.  The user can change the 
reporting time interval by entering a new value in place of the first calculation time cell 
below the cell with the "0" in it.  Other cells are protected to prevent them from being 
overwritten.  Only whole numbers can be entered for the table and graph to work properly.  
Once a new value is entered, the calculations need to be repeated for the proper values to be 
reported. 

 
REFERENCES 
 
Alpert and Ward (1984) 
Bukowski, et al., (1989) 
Delichatsios (1981) 
Evans and Stroup (1985) 
Heskestad and Smith (1976) 
Mowrer and Williamson (1987) 
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FLAMSPRD TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the lateral (opposed flow) flame spread rate on solid 
materials.  
 
 
BACKGROUND 
 
Quintiere (1988) summarizes the relevant research on both opposed flow and wind-aided flame 
spread over solids.  This template, based on the work of Quintiere and Harkleroad (1985), 
addresses only opposed flow flame spread.  Quintiere and Harkleroad developed a practical test 
procedure using the LIFT/IMO test apparatus, that allows determination of the essential 
parameters needed to describe opposed flow flame spread on thick materials burning in air under 
natural convection conditions.  The flame spread velocity can be expressed as: 
 

 v k c
T Tig s

=
−

Φ /
( )

ρ
2           (1) 

 
Representative values for Φ/kρc, Tig and Ts,min, the minimum surface temperature for flame 
propagation, have been determined for a variety of materials.  They are summarized by Quintiere 
(1988) and reproduced in the FLAMSPRD template. 
 
Wind-aided flame spread is generally much faster than opposed flow flame spread.  The 
FLAMSPRD template only addresses opposed flow flame spread.  A similar template for wind-
aided flame spread has not been developed yet. 
 
 
LIMITATIONS 
 
1. The calculation only considers opposed flow flame spread associated with downward or 

lateral flame spread.  The calculation does not consider wind-aided flame spread associated 
with upward flame spread. 

 
2. The calculation is coupled with the flame spread parameters determined in the LIFT/IMO 

apparatus. 
 
3. The minimum surface temperature for flame propagation, Ts,min, is determined in the 

LIFT/IMO apparatus.  From a practical standpoint, Ts,min is higher than room temperature, 
suggesting that flame spread will occur only after most common materials are preheated by a 
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fire.  The user must estimate the surface temperature associated with such preheating in order 
to use this template.  The LAYERTMP template can be used for this purpose. 

 
 
INPUT PARAMETERS 
 
The input parameters for the FLAMSPRD template include the following, listed in the order of 
entry: 
 
SURFACE TEMPERATURE (Ts) 
 
This is the surface temperature of the material before ignition, in °C.  The surface temperature 
should be specified to be at least as high as the minimum surface temperature, Ts,min, for flame 
propagation for the material being considered.  The surface temperature can be estimated by 
using the LAYERTMP template to calculate the average hot gas layer temperature and assuming 
that the surface temperature will be approximately equal to this temperature.  Note that as the 
surface temperature becomes closer to the ignition temperature, flame spread becomes faster.  If 
the surface temperature is specified to be equal to the ignition temperature, the template reports 
"ERR" for the flame spread velocity because of a divide by zero error in Equation 1.  From a 
physical standpoint, this situation implies infinitely fast flame spread. 
 
IGNITION TEMPERATURE (Tig) 
 
This is the ignition temperature of the material, in °C, determined in the LIFT/IMO apparatus.  
Ignition temperatures for a range of a materials are tabulated in the FLAMSPRD. WQ1 template. 
 
FLAME SPREAD PARAMETER (Φ/kρc) 
 
This is the flame spread parameter determined by Quintiere and Harkleroad to represent the 
combination of an effective heat flux to the material and the effective thermal inertia of the 
material.  Appropriate units are K2m/s.  This parameter is deduced from LIFT/IMO apparatus 
tests. 
 
 
CALCULATED PARAMETERS 
 
The only parameter calculated by the FLAMSPRD template is: 
 
FLAME SPREAD VELOCITY (Vfl) 
 
The flame spread velocity is the only calculated parameter in this template.  It is calculated by 
Equation 1 above. 
 
 
OPERATION 
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Use of the FLAMSPRD template only requires entry of the required input parameters for the 
desired scenario.  Values for calculated parameters are recalculated immediately upon change of 
any of the input parameters.  A table of representative flame spread parameter values for a range 
of materials is included in the FLAMSPRD template for reference.  This table has been extracted 
from Quintiere (1988).  It is suggested that the user highlight the material being used for a 
calculation on the printout so others know what material is being considered in a particular 
calculation. 
 
 
REFERENCES 
 
Quintiere and Harkleroad (1985) 
Quintiere (1988) 



Mowrer; Spreadsheet Templates for                                                                   
Fire Dynamics Calculations                                                                            Listing:  September 2003 

Downloaded from Fire Risk Forum               2003 Frederick W. Mowrer – all rights reserved               
www.fireriskforum.com  

32

 
FLASHOVR TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the heat release rate needed to cause flashover in a 
compartment with a single rectangular wall vent.  
 
 
BACKGROUND 
 
During the early 1980s, three separate estimates of the heat release rate necessary to cause 
flashover in a compartment with a single rectangular wall vent were developed by Babrauskas 
(1980), by McCaffrey, Quintiere and Harkleroad (1981), and by Thomas (1981).  These three 
correlations are calculated in this template. 
 
The Babrauskas flashover estimate can be expressed as: 
 
 &Q A Hfo o o= 750          (1) 
 
The McCaffrey, Quintiere and Harkleroad (MQH) correlation can be expressed as: 
 
 ( ) 2/1

610 ooTkfo HAAhQ =&         (2) 
 
The Thomas correlation can be expressed as: 
 
 & .Q A A Hfo T o o= +7 8 378         (3) 
 
As noted by Babrauskas (1984), the Babrauskas flashover estimate does not consider the effect 
of room size; it is based on typical residential sized rooms.  The MQH correlation diverts to a 
heat release rate approaching zero for small rooms.  The Thomas correlation seems to account 
for the effects of boundary area and ventilation factor in the best way among the three 
correlations, but it is based on an analysis that assumes concrete boundaries.  Walton and 
Thomas (1988) provide further discussion of the bases and application of the these equations. 
 
 
LIMITATIONS 
 
Some of the limitations of the flashover estimates are discussed above in the BACKGROUND 
section.  Babrauskas (1984) and Walton and Thomas (1988) discuss the application and 
limitations of the flashover estimates further.  In general, these flashover estimates are based on 
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the analysis of room fire test data for room sizes typical of residential rooms.  Application to 
much larger rooms has not been verified experimentally. 
 
 
INPUT PARAMETERS 
 
The input parameters for the FLASHOVR template include the following, listed in the order of 
entry: 
 
ROOM LENGTH (L) 
 
This is the length of the enclosure, in meters. 
 
ROOM WIDTH (W) 
 
This is the width of the enclosure, in meters. 
 
ROOM HEIGHT (H) 
 
This is the height of the enclosure, in meters, measured from the floor to the ceiling. 
 
OPENING WIDTH (Wo) 
 
This is the width of the rectangular wall opening, in meters. 
 
OPENING HEIGHT (Ho) 
 
This is the height of the rectangular wall opening, in meters. 
 
BOUNDARY CONDUCTIVITY (k) 
 
This is the thermal conductivity of the boundary material, in kW/m-K.  Thermal properties for a 
range of common building materials are tabulated in the THERMPRP template. 
 
BOUNDARY THICKNESS (d) 
 
This is the thickness of the boundary material, in meters. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the FLASHOVR template include the following: 
 
BOUNDARY SURFACE AREA (At) 
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The boundary surface area is the total area of the floor, wall and ceiling surfaces, in square 
meters.  It is calculated as: 
 
 ( )[ ] )()()(2 oot HWHWHLWLA ×−×+×+××=      (4) 
 
 
 
 
VENTILATION FACTOR 
 
The ventilation factor is the product of A Ho o , expressed in units of m5/2. 
 
BABRAUSKAS F/O PREDICTION 
 
The Babrauskas flashover prediction is the estimated heat release rate, in kW, needed to cause 
flashover as calculated by Equation 1 above. 
 
MQH F/O PREDICTION 
 
The McCaffrey-Quintiere-Harkleroad flashover prediction is the estimated heat release rate, in 
kW, needed to caused flashover as calculated by Equation 2 above. 
 
THOMAS F/O PREDICTION 
 
The Thomas flashover prediction is the estimated heat release rate, in kW, needed to caused 
flashover as calculated by Equation 3 above. 
 
 
OPERATION 
 
Use of the FLASHOVR template only requires entry of the geometric input parameters identified 
in the INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters 
are recalculated immediately upon change of any of the input parameters.   
 
 
REFERENCES 
 
Babrauskas (1980) 
Babrauskas (1984) 
McCaffrey, Quintiere and Harkleroad (1981) 
Thomas (1981) 
Walton and Thomas (1988) 
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FUELDATA TEMPLATE 

 
 
 
APPLICATION 
 
This template contains thermophysical and burning rate data for some common fuels.  
 
 
BACKGROUND 
 
This template has five sections: 
 
• Basic thermophysical data for some pure fuels 
• Heat release rate data for 19 stored commodities 
• Peak heat release rate and mass loss rate data for a number of furniture articles 
• Characteristics of typical furnishings as ignition sources 
• Characteristics of ignition sources 
 
These data have been extracted from the references listed below.  The fields for each section are 
described below. 
 
Basic Thermophysical Data 
 
The headings for the basic thermophysical data include: 
 
FUEL 
 
This is the name of the fuel.  The fuels have been grouped according to their chemical structure. 
 
CHEM. FORMULA 
 
This is a summary of the chemical formula for a fuel, including the number of carbon (C), 
hydrogen (H), oxygen (O), nitrogen (N) and chlorine (Cl) atoms in the molecule.  Fuels 
containing other elements are not considered. 
 
MW 
 
This is the molecular weight of the fuel.  It is calculated as: 
 
 ( ) ( ) ( ) ( ) ( . )12 1 16 14 355× + × + × + × + ×C H O N Cl      (1) 
 
where C, H, O, N and Cl represent the number of atoms of each element in the molecule. 
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r 
 
This is the stoichiometric ratio for the fuel, expressed in kg air/kg fuel.  The stoichiometric ratio 
represents the mass of air needed to completely burn a unit mass of fuel with no excess air or 
fuel in the products. 
 
rho(l) 
 
This is the density of a liquid or solid fuel, in kg/m3. 
 
m" 
 
This is the unit mass loss rate of the fuel, in kg/s-m2.  This is an ideal value for large diameter 
pools.  For small diameter pools, the unit mass loss rate is lower.  Babrauskas (1988) discusses a 
method for accounting for the effect of pool diameter on the unit mass loss rate. 
 
dHc 
 
This is the heat of combustion of the fuel, in MJ/kg. 
 
Q" 
 
This is the unit heat release rate of the fuel, in kW/m2.  It is calculated as: 
 
 & &′′ = ′′Q m Hc∆           (2) 
 
dHv 
 
This is the latent heat of vaporization of the fuel, in MJ/kg. 
 
T(boil) 
 
This is the boiling point temperature for the fuel, in °C. 
 
Cp(l) 
 
This is the specific heat of the liquid, in kJ/kg-K. 
 
LFL 
 
This is the lower flammability limit of the fuel vapor, expressed in volume %. 
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UFL 
 
This is the upper flammability limit of the fuel vapor, expressed in volume %. 
 
 
 
 
MASS YIELDS 
 
The last eight columns of data are the ideal and measured mass yields for a fuel.  Dm stands for 
the mass optical density of a fuel, in m2/g. 
 
The ideal mass yields of CO2, H2O and HCl are tabulated.  These represent the mass yields to be 
expected under ideal burning conditions, where all the fuel goes to these products of complete 
combustion.  For these calculations it is assumed that all Cl atoms in the fuel will react to form 
HCl, with the H atoms obtained from the fuel molecule.  The remainder of the H atoms then go 
to water.  All C atoms are assumed to go to carbon dioxide under ideal conditions. 
 
The measured yields are taken from Tewarson (1988).   
 
 
Stored Commodities Data 
 
The stored commodities data is taken from Babrauskas (1988) and the NFPA 72E standard.  The 
data are based on large-scale tests conducted at Factory Mutual.  The columns of data here 
represent the following: 
 
Stored Commodities 
 
This is a brief description of the fuel and storage configuration. 
 
Q" 
 
This is an estimate of the heat release rate per unit of floor area, expressed in kW/m2 floor area.  
 
tg(s) 
 
This is an estimate of the growth time needed for the burning commodity to reach a heat release 
rate of 1 MW. 
 
Furniture Data 
 
The furniture data is based on large-scale tests conducted at NIST in the furniture calorimeter.  
These data were summarized by Babrauskas and Krasny (1985) as well as in NFPA 92B.  The 
data fields for these data include: 
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Style 
 
This is a brief description of the type of furniture article. 
 
ID 
 
This is a unique designation given to each item as part of the fire testing. 
 
Mass 
 
This is the total mass of the furniture item, in kg. 
 
Fuel 
 
This is the mass of combustibles in the furniture item, in kg. 
 
Frame 
 
This is a description of the material used for the frame of the furniture item. 
 
Padding 
 
This is a description of the material used for the padding of the furniture item. 
 
Fabric 
 
This is a description of the material used for the fabric of the furniture item. 
 
Interliner 
 
This is a description of the material used for the interliner of the furniture item, if such an 
interliner existed. 
 
m(pk) 
 
This is the peak mass loss rate of the article of furniture, in g/s. 
 
Q(pk) 
 
This is the peak heat release rate for the article of furniture, in kW.  For most articles, the heat 
release rate was measured by oxygen consumption calorimetry.  For some articles, the heat 
release rate was estimated by other means. 
 
Characteristics of Typical Furnishings as Ignition Sources 
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These data were summarized by Babrauskas and Krasny (1985) as well as in NFPA 92B.  The 
data fields for these data include: 
 
ITEM 
 
This is a brief description of the fuel item. 
 
MASS 
 
This is the total mass of the fuel item, in kg. 
 
Qtot (MJ) 
 
This is the total energy content of the fuel item, in MJ. 
 
Qmax (kW) 
 
This is the peak heat release rate of the fuel item. 
 
COMMENT 
 
This is a comment, if any, regarding the fuel package. 
 
Characteristics of Ignition Sources 
 
These data were summarized by Babrauskas and Krasny (1985) as well as in NFPA 92B.  The 
data fields for these data include: 
 
ITEM 
 
This is a brief description of the fuel item. 
 
MASS 
 
This is the total mass of the fuel item, in g. 
 
Q (kW)(typ.) 
 
This is the typical heat release rate of the fuel item. 
 
Burn time (s) 
 
This is an estimate of the burning duration of the fuel item, in seconds. 
 
COMMENT 
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This is a comment, if any, regarding the fuel package. 
 
 
OPERATION 
 
The FUELDATA template is intended to serve as an online data resource.  There are no user 
inputs to the template.  Users are referred to Babrauskas (1988) for additional data. 
 
REFERENCES 
 
Babrauskas and Krasny (1985) 
Babrauskas (1988) 
Tewarson (1988) 
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GASCONQS TEMPLATE 
 

 
 
APPLICATION 
 
This template can be used to estimate gas species concentrations under quasi-steady fire and 
flow conditions based on user-specified yield factors, mass flow rates and air flow rates. 
 
 
BACKGROUND 
 
The mass fractions of gas species in a mixture is defined as: 
 

 Y m
ms

s

tot

≡           (1) 

 
For a system under quasi-steady flow conditions, this relationship can also be expressed as: 
 

  Y m
ms

s

tot

≡
&

&
          (2) 

 
The generation rate of a specie, &ms , can be expressed as: 
 
 & &m f ms s f=           (3) 
 
where fs is the yield factor for specie s, in g/g fuel.  The yield of oxygen will have a negative 
value, implying that oxygen is consumed in the combustion process.  The consumption rate of air 
is directly proportional to the fuel burning rate, with a proportionality constant known as the 
stoichiometric ratio, r, which is the mass of air consumed per unit mass of fuel reacted, expressed 
in kg air/kg fuel.  The stoichiometric ratio and yield factors for a variety of fuels are tabulated in 
the FUELDATA template. 
 
The fuel burning rate may be limited by the rate at which air is supplied to the combustion zone.  
The burning rate of fuel can be expressed as: 
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r
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Similarly, the heat release rate can be expressed as: 
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 ∆

∆=∆=
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HmHmHmQ c

acfcb &&&& ,min        (5) 

 
The ratio ∆Hc/r represents the heat release per unit mass of air consumed.  This ratio is virtually 
constant for most fuels, with a value of approximately 3000 kJ/kg air.  This relationship can also 
be considered in terms of oxygen consumption directly rather than in terms of air by noting that 
the mass fraction of oxygen in dry air is approximately 0.233 while the mass fraction of nitrogen 
is approximately 0.767.  Consequently: 
 

 ∆ ∆ ∆H
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A value of rO2 = 13,100 kJ/kg O2 is commonly cited in the literature.  The value of 12,876 kJ/kg 
O2 calculated above is used in the GASCONQS template to maintain consistency among the 
calculations.  If the fuel heat of combustion is known for a particular fuel, the oxygen 
stoichiometric ratio, which represents the mass of oxygen consumed per unit mass of fuel 
burned, can be conveniently estimated as: 
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/
         (6) 

 
The fuel heat of combustion must be expressed in units of kJ/kg to use Equation 6.   rO2 is the 
opposite of the yield factor for oxygen, i.e., rO2 = - fO2.  
 
 
LIMITATIONS 
 
The user must enter the fuel flow rate, air flow rate and species yield factors.  The accuracy of 
this input will limit the accuracy of the calculations performed by the template.  The generation 
of products of combustion is a function of the ventilation conditions for a fire.  For 
overventilated conditions (equivalence ratio Φ < 1) there is sufficient air to burn all the fuel 
released in theory, although incomplete mixing will decrease the combustion efficiency as the 
equivalence ratio approaches unity.  For underventilated conditions (Φ > 1) there is insufficient 
air to completely burn all the fuel released.  Consequently, the products of complete combustion 
will decrease in proportion to the underventilation (i.e., if there is only 1/2 the air needed for 
complete combustion, then the maximum yield of products of complete combustion will be 1/2 
the overventilated yield.  The yield of products of partial combustion, such as carbon monoxide, 
may be more a function of the fuel release rate than the actual fuel burning rate under 
underventilated conditions.  Of particular note, considerable variations in carbon monoxide 
yields have been measured in experiments under underventilated conditions, so specification of 
the CO yield factor should be made with due consideration of the actual conditions for the fire 
scenario being considered.  
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INPUT PARAMETERS 
 
The input parameters for the GASCONQS template include the following, listed in the order of 
entry: 
 
FUEL FLOW RATE (mf) 
 
This is the rate at which fuel is released as vapor from the fuel surface, expressed in kg/s.  In 
many cases, it is more convenient to think of the fuel flow rate in terms of the potential heat 
release rate.  For these cases, the user can calculate the fuel flow rate as: 
 

 &
&

m
Q
Hf

f

c

=
∆

          (7) 

 
The heat release rate used for such a calculation will only be realized if there is sufficient air 
flow to support this burning rate. 
 
FUEL HEAT OF COMB. (dHc) 
 
This is the heat of combustion of the fuel being considered, expressed in MJ/kg. 
 
CO2 YIELD FACTOR (fCO2) 
 
This is the yield factor for carbon dioxide, expressed in terms of kg CO2/kg fuel. 
 
CO YIELD FACTOR (fCO) 
 
This is the yield factor for carbon monoxide, expressed in terms of kg CO/kg fuel. 
 
H2O YIELD FACTOR (fH2O) 
 
This is the yield factor for water vapor, expressed in terms of kg H2O/kg fuel. 
 
HCl YIELD FACTOR (fHCl) 
 
This is the yield factor for hydrogen chloride, expressed in terms of kg HCl/kg fuel. 
 
AIR FLOW RATE (ma) 
 
This is the quasi-steady air flow rate into the enclosure being considered, expressed in terms of 
kg/s.  The MASSBAL template can be used to estimate the air flow rate for an enclosure with a 
single rectangular wall opening. 
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CALCULATED PARAMETERS 
 
The calculated parameters for the GASCONQS template include the following: 
 
FLOW EQUIVALENCE RATIO (PHI) 
 
This is the equivalence ratio of the plume flow.   It is calculated as: 
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∆
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The equivalence ratio is a dimensionless parameter that represents the actual fuel/air mass ratio 
relative to the ideal fuel/air mass ratio.  An equivalence ratio of less than unity means there is 
more than enough air available to permit the fuel to burn completely.  An equivalence ratio 
greater than one means there is not enough air available to completely burn the fuel up.  For an 
equivalence ratio greater than one, the fraction of fuel that can burn, in theory, is 1/Φ.  For 
example an equivalence ratio of 2 means that a maximum of 1/2 of the fuel can be burned or that 
there is only half as much air as needed for complete combustion. 
 
The cell to the right of the equivalence ratio value will contain one of three statements associated 
with the following equivalence ratio ranges: 
 

STATEMENT EQUIVALENCE RATIO RANGE 
OVERVENTILATED Φ ≤ 0.5 

MARGINAL VENTILATION 0.5 < Φ ≤ 1.0 
UNDERVENTILATED Φ > 1.0 

 
These statements are intended to remind the user of the relative range of ventilation conditions 
so yield factors appropriate for that range are selected. 
 
FIRE HEAT RELEASE RATE (Q) 
 
The fire heat release rate, in kW, is calculated with Equation 5.  The cell to the right of the heat 
release rate value informs the user if the heat release rate is fuel controlled or ventilation limited.  
Combustion efficiency is not considered in this calculation. 
 
FUEL CONSUMPTION RATE (mb) 
 
The fuel consumption rate is the actual burning rate of the fuel, in kg/s.  It is calculated with 
Equation 4. 
 
EXCESS FUEL FLOW RATE (mex) 
 
The excess fuel flow rate is the rate, in kg/s, that unburned fuel flows.  It is calculated as: 
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 & & &m m mex f b= −           (9) 
 
 
OXYGEN USE RATE (mO2) 
 
The oxygen use rate is the rate, in kg/s, at which oxygen is consumed by the fire.  It is calculated 
as: 
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CALCULATION RESULTS 
 
SPECIES MASS FRACTIONS (Ys) 
 
The species mass fractions for the seven species considered are calculated as follows: 
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The subscript TUHC stands for total unburned hydrocarbons. 
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SPECIES FLOW RATES (kg/s) 
 
The flow rates for each of the seven species are calculated as: 
 
 & &m Y ms s tot=  where & & &m m mtot a f= +        (18) 
 
OPERATION 
 
Use of the GASCONQS template requires entry of the input parameters identified in the INPUT 
PARAMETERS section for the desired scenario.  The user must be careful to enter valid values 
for the input parameters, particularly the yield factors.  No cross checks are made to assure the 
appropriateness of the values entered.  Values for calculated parameters are recalculated 
immediately upon change of any of the input parameters.   
 
 
REFERENCES 
 
No references cited. 
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IGNTIME TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the time to ignite a thermally thick solid exposed to a 
constant heat flux at the surface. 
 
 
BACKGROUND 
 
The surface temperature of a thermally thick solid with constant thermal properties exposed to a 
constant heat flux varies as: 
 

 T T q t
k cs o− = &" 4

π ρ
         (1) 

 
A thermal model of ignition suggests that ignition will occur when the surface temperature 
reaches the ignition temperature of the material.  The time to reach the ignition temperature can 
be calculated by rearranging Equation 1 to: 
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The total energy input to the surface needed to cause ignition can be estimated as: 
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Equation 3 suggests that the higher the incident heat flux, the lower the energy input required to 
cause ignition, based on this thermal model. 
 
 
LIMITATIONS 
 
The ignition time model assumes that the net heat flux to the surface of the material is constant 
until the ignition temperature is reached.  This neglects changes in heat flux that may be caused 
by changes in the intensity of the exposure fire or by surface reradiation and convection as the 
surface temperature increases. 
 
 
INPUT PARAMETERS 
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The input parameters for the IGNTIME template include the following, listed in the order of 
entry: 
 
THERMAL INERTIA OF THE MATERIAL (kρc) 
 
This is the thermal inertia of the material, in (kW/m2-K)2s, assumed to be a constant.  Values for 
the thermal inertia for a number of building materials are provided in the THERMPRP template. 
 
IGNITION TEMPERATURE (Tig) 
 
This is the effective ignition temperature of the material, in °C.  Representative ignition 
temperatures for a number of materials are provided in the FLAMSPRD template. 
 
AMBIENT TEMPERATURE (To) 
 
This is the ambient temperature, in °C, and presumed material temperature at the start of the 
exposure to the heat flux. 
 
EXPOSURE HEAT FLUX (q") 
 
This is the intensity of the incident heat flux at the surface of the material, in kW/m2.  The net 
incident heat flux at the surface is assumed to be constant at the specified intensity. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the IGNTIME template include the following: 
 
IGNITION TIME (tig) 
 
This is the estimated time to ignition of a thermally thick material for the input parameters 
specified.  It is calculated by Equation 1 above. 
 
ENERGY INPUT FOR IGNITION (E") 
 
This is the total energy input into the material needed to raise the surface temperature up to the 
ignition temperature, expressed in kJ/m2.  It is calculated by Equation 2 above. 
 
OPERATION 
 
Use of the IGNTIME template requires entry of the input parameters identified in the INPUT 
PARAMETERS section for the desired scenario.  The user must be careful to enter valid values 
for the input parameters.  No cross checks are made to assure the appropriateness of the values 
entered.  Values for calculated parameters are recalculated immediately upon change of any of 
the input parameters.   
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REFERENCES 
 
No references cited. 
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LAYDSCNT TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the smoke layer interface position in a closed room as a 
function of time due to entrainment only.  Currently, the template can only consider fire 
scenarios with constant heat release rates. 
 
 
BACKGROUND 
 
Smoke layers develop and descend in room fires for two principal reasons: entrainment in the 
fire plume and expansion of the hot fire gases.  During the early stages of many fires, the 
entrainment term is dominant relative to the expansion term.  Consequently, the expansion term 
can be neglected and the differential equation describing the smoke layer descent rate can be 
solved analytically, with the solution: 
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The time constant, τm, in Equation 1 is a mass time constant, calculated as: 
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Physically, Equation 2 represents the characteristic time it would take to replace all the air in a 
space if it were replace at the mass flow rate associated with the plume entrainment rate at the 
ceiling.  It takes much longer than this to actually fill the space with the smoke layer because the 
entrainment rate decreases as the smoke layer descends. 
 
 
LIMITATIONS 
 
The calculation performed in this template assumes that the expansion term in the smoke layer 
descent equation is negligible relative to the entrainment term.  Entrainment is assumed to follow 
classical plume theory such that & /m z∝ 5 3, with a user specifed proportionality constant.  As the 
smoke layer descends and nears the fire source, these assumptions become less valid.  The 
calculation also assumes that the cross-sectional area of the fire plume is negligible compared 
with the cross-sectional area of the space.  If this is not true, a more rapid smoke layer descent 
rate is expected.  For the present, the template only considers fire scenarios with constant heat 
release rates. 
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INPUT PARAMETERS 
 
The input parameters for the LAYDSCNT template include the following, listed in the order of 
entry: 
 
ROOM AREA (A) 
 
This is the cross-sectional area of the space, in square meters, in which the fire is located. 
 
CEILING HEIGHT (H) 
 
This is the distance between the top of the fire source and the ceiling, in meters. 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire source, in kW.  A constant heat release rate is 
assumed. 
 
MASS ENTRAINMENT COEFFICIENT (km) 
 
The mass entrainment coefficient is the proportionality factor in the classical plume entrainment 
equation: 
 
 & & / /m k Q zent m= 1 3 5 3         (3) 
 
Zukoski recommends a value of 0.076 for km based on laboratory measurements.  Aerodynamic 
disturbances, such as the blowing over of a fire plume located near a door opening, have been 
observed to increase the entrainment rate, in some cases by more than 50 percent. 
 
CALCULATION TIME (t) 
 
This is the time, in seconds, at which the smoke layer interface position will be calculated by 
Equation 1. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the LAYDSCNT template include the following: 
 
FILLING TIME CONSTANT (τm) 
 
The filling time constant τm is calculated by Equation 2.  Units are seconds. 
 
SMOKE LAYER DEPTH (Zu) 
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The smoke layer depth is calculated at the specified calculation time by Equation 1.  Units are 
meters. 
 
 
OPERATION 
 
Use of the LAYDSCNT template requires entry of the input parameters identified in the INPUT 
PARAMETERS section for the desired scenario.  The user must be careful to enter valid values 
for the input parameters.  No cross checks are made to assure the appropriateness of the values 
entered.  Values for calculated parameters are recalculated immediately upon change of any of 
the input parameters.   
 
In addition to the smoke layer depth at the specified calculation time, the smoke layer depth 
history is tabulated and graphed on the LAYDSCNT template. 
 
 
REFERENCES 
 
Cooper (1988) 
Milke and Mowrer (1993) 
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LAYERTMP TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the average hot gas layer temperature in an enclosure with 
a single rectangular wall opening.    
 
 
BACKGROUND 
 
The McCaffrey, Quintiere and Harkleroad (MQH) (1981) correlation, as modified by Mowrer 
and Williamson (1987) for fires along walls and in corners, is used for this calculation.  Walton 
and Thomas (1988) provide a useful summary of the bases for the MQH correlation, which can 
be expressed as: 
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For normal ambient conditions, the MQH correlation can be expressed as: 
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Mowrer and Williamson suggested that the average temperature rise is approximately 1.3 times 
the temperature rise calculated by the MQH correlation for a fire along a wall and approximately 
1.7 times the MQH temperature rise for a fire in a corner due to restricted entrainment for these 
scenarios.  For simplicity, virtually the same results are obtained by adding a fire location factor, 
kLF, to Equation 2 as: 
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Equation 3 is used in the LAYERTMP template.   
 
 
LIMITATIONS 
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The MQH correlation is based on a correlation of data from room fire experiments in residential 
scale rooms with single wall openings and with fires located low in the center of the room.  
Higher temperatures than predicted by the MQH correlation occur for fires located along walls 
and in corners.  Higher temperatures than predicted by the MQH correlation can also be expected 
for scenarios where the fire is located high in the room. 
 
 
INPUT PARAMETERS 
 
The input parameters for the LAYERTMP template include the following, listed in the order of 
entry: 
 
ROOM LENGTH (L) 
 
This is the length of the enclosure, in meters. 
 
ROOM WIDTH (W) 
 
This is the width of the enclosure, in meters. 
 
ROOM HEIGHT (H) 
 
This is the height of the enclosure, in meters, measured from the floor to the ceiling. 
 
OPENING WIDTH (Wo) 
 
This is the width of the rectangular wall opening, in meters. 
 
OPENING HEIGHT (Ho) 
 
This is the height of the rectangular wall opening, in meters. 
 
BOUNDARY CONDUCTIVITY (k) 
 
This is the thermal conductivity of the boundary material, in kW/m-K.  Thermal properties for a 
range of common building materials are tabulated in the THERMPRP template. 
 
BOUNDARY DENSITY (ρ) 
 
This is the density of the boundary material, in kg/m3.  Thermal properties for a range of 
common building materials are tabulated in the THERMPRP template. 
 
BOUNDARY SPEC. HEAT (cp) 
 
This is the specific heat of the boundary material, in kJ/kg-K.  Thermal properties for a range of 
common building materials are tabulated in the THERMPRP template. 
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BOUNDARY THICKNESS (d) 
 
This is the thickness of the boundary material, in meters. 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire, in kW. 
 
FIRE LOCATION FACTOR (kLF) 
 
The fire location factor is used to account for differences in entrainment rates and plume/ceiling 
jet temperatures that occur when fires are located adjacent to walls and in corners formed by two 
walls.  The concept of reflection has been used (Alpert and Ward, 1984) to account for these 
effects.  Appropriate fire location factors include: 
 

Fire location Value for kLF
Center 1 
Wall 2 
Corner 4 

 
CALCULATION TIME (t) 
 
This is the time following ignition, in seconds, at which the average smoke layer temperature 
rise is desired. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the LAYERTMP template include the following: 
 
HEAT TRANSFER COEFF. (hk) 
 
This is the effective heat transfer coefficient, in kW/m2-K.  The heat transfer coefficient is 
calculated as: 
 

 







=

d
k

t
ckhk ,max ρ          (4) 

 
This method of calculating the effective heat transfer coefficient is a little different than 
suggested by MQH, but is consistent with Nelson (1990) and Deal and Beyler (1990).  The 
MQH method of calculating this parameter has a discontinuity in it.  Equation 4 removes this 
continuity while preserving the nature and scale of the effective heat transfer coefficient. 
 
BOUNDARY AREA (At) 
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The boundary area is the total surface area of the floor, wall and ceiling surfaces, in square 
meters.  It is calculated as: 
 
 ( )[ ] )()()(2 oot HWHWHLWLA ×−×+×+××=      (5) 
 
 
 
VENTILATION FACTOR 
 
The ventilation factor is the product of A Ho o , expressed in units of m5/2.  The ventilation 
factor is used simply as an intermediate calculated parameter, although it can be used to estimate 
the maximum possible heat release rate in the enclosure as &maxQ A Ho o= 1500 . 
 
TEMPERATURE RISE (dT) 
 
This is the average temperature rise, in °C, in the hot gas layer predicted by the modified MQH 
correlation represented by Equation 3. 
 
 
OPERATION 
 
Use of the LAYERTMP template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters.   
 
 
REFERENCES 
 
Deal and Beyler (1990) 
McCaffrey, Quintiere and Harkleroad (1981) 
Mowrer and Williamson (1987) 
Nelson (1990) 
Walton and Thomas (1988) 
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MASSBAL TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the quasi-steady mass flow rate through an enclosure with 
a single rectangular wall opening.  It also estimates the smoke layer interface position and the 
average hot gas layer temperature based on a user specified heat loss fraction.  
 
 
BACKGROUND 
 
The quasi-steady mass flow rate through a comparment with a single rectangular wall opening 
represents a balance between the rate of air entrainment into the fire plume and the rate of smoke 
flow out through the opening.  These rates are both functions of the smoke layer interface 
position.  As the smoke layer interface descends, the rate of flow out the opening increases while 
the entrainment into the plume decreases.  Under quasi-steady conditions, the smoke layer 
interface equilibrates at the elevation where the flow rate into the smoke layer is equal to the 
flow rate out the opening.  Due to the nonlinearity of the plume entrainment and vent flow 
equations with respect to the smoke layer interface position, an iterative numerical method, the 
Newton-Raphson method, is used to find this point of equilibration. 
 
The mass flow rate out of a rectangular wall vent, such as an open door or window, is given by 
Rockett (1975) as: 
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The Heskestad (1984) correlation is used to estimate air entrainment into the plume and into the 
smoke layer: 
 
 & . & /m Q z zi c fl= 0 0054    for z < zfl     (2a) 
 
 & . & ( ) . &/ /m Q z z Qi c o c= − +0 071 0 0021 3 5 3  for z ≥ zfl     (2b) 
 
The effective flame height, zfl, is calculated as: 
 
 z z Qfl o c= + 0166 2 5. & /          (3) 
 
The virtual origin offset, zo, is calculated as: 
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 z D Qo = − +102 0 083 2 5. . & /         (4) 
 
To close the problem, the relationship between z and Hn is needed.  This is provided through the 
relationships: 
 
 H z H Hd f b= + −          (5) 
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Equation 6 is recommended by Deal and Beyler (1990) as a reasonably accurate approximation 
of the relationship between Hd and Hn to be used in place of a more complicated implicit 
relationship developed by Rockett (1975).  Equation 6 can be substituted into Equation 1 so both 
Equations 1 and 2 are functions of z. 
 
The smoke layer temperature is calculated as: 
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The solution strategy is to estimate an initial value for z such that the smoke layer interface 
position is at the midheight of the opening.  The vent flow and plume entrainment rates are 
calculated based on this initial guess.  Improved estimates of z and the smoke layer interface 
position are then made by use of the Newton-Raphson method for finding roots of equations: 
 

 z z f
df dznew old

old

old

= −
/

  where f m mo i= −& &      (8) 

 
The solution usually converges within a few iterations to find the smoke layer interface position 
where the mass flow into and out of the layer are equal.  Occasionally, the solution fails to 
converge, sometimes due to errors associated with raising a negative number to a power and 
sometimes due to the discontinuity in the entrainment equation.  This problem can usually be 
rectified by resetting the calculation and starting over. 
 
 
LIMITATIONS 
 
If the fire height is above the top of the vent opening, an error occurs in the calculation.  A quasi-
steady balance between inflow and outflow cannot exist for this scenario based on the equations 
used to model inflow and outflow.  A closed room analysis, such as in the TEMPRISE template, 
is appropriate for this scenario.  
 
 



Mowrer; Spreadsheet Templates for                                                                   
Fire Dynamics Calculations                                                                            Listing:  September 2003 

Downloaded from Fire Risk Forum               2003 Frederick W. Mowrer – all rights reserved               
www.fireriskforum.com  

60

INPUT PARAMETERS 
 
The input parameters for the MASSBAL template include the following, listed in the order of 
entry: 
 
CALCULATION RESET 
 
This parameter is used to reset the template to perform a new calculation.  A value of 0 (zero) 
should be entered in the calculation reset cell to reset the template to perform a new calculation.  
Once all other input parameters are set to the desired values, a value of 1 (one) should be entered 
in this cell to begin the calculations.   
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire, in kW. 
 
CONVECTIVE FRACTION (Xc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume.  The 
remaining fraction is radiated from the flame and plume.  Typically, approximately 30 to 40 
percent of the heat released in a fire is radiated and the remaining 60 to 70 percent is convected. 
 
FIRE HEIGHT (Hf) 
 
This is the height of the fire source above the floor, in meters. 
 
FIRE DIAMETER (D) 
 
This is the effective diameter of the fire source, in meters. 
 
FIRE LOCATION FACTOR (kLF) 
 
The fire location factor is used to account for differences in entrainment rates and plume/ceiling 
jet temperatures that occur when fires are located adjacent to walls and in corners formed by two 
walls.  Appropriate fire location factors include: 
 

Fire location Value for kLF
Center 1 
Wall 2 
Corner 4 

 
OPENING HEIGHT (Ho) 
 
This is the height, in meters, of the rectangular wall opening, measured from the bottom of the 
opening to the top. 
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OPENING WIDTH (Wo) 
 
This is the width of the rectangular wall opening, in meters. 
 
OPENING BASE HEIGHT (Hb) 
 
This is the distance, in meters, from the floor to the bottom of the wall opening.  For doors, the 
opening base height is zero. 
 
AMBIENT TEMP (Tl) 
 
The ambient temperature is assumed to be equal to the lower layer temperature.  In this template, 
the temperature must be entered in absolute temperature, K.  To convert a temperature in °C to a 
temperature in K, add 273.15 to the temperature in °C. 
 
HEAT LOSS FRACTION (Xl) 
 
The heat loss fraction is the fraction of heat released that is lost to the boundaries through 
radiation and convection from the flame and hot gases in an enclosure.  Typical values for the 
heat loss fraction range from 0.6 to 0.95.  This represents a very large range.  Selection of values 
at the two extremes of this range can result in temperature estimates that differ by hundreds of 
degrees Celsius.  In some scenarios, even lower values for the heat loss fraction may be 
appropriate, but values in the neighborhood of 0.8 provide reasonable agreement with 
experimental results for a number of experiments. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the MASSBAL template include the following: 
 
VENT. FACTOR (AoHo1/2) 
 
The ventilation factor is the product of A Ho o , expressed in units of m5/2. 
 
VIRTUAL ORIGIN (Zo) 
 
This is the virtual origin elevation, in meters, of the fire plume relative to the specified fire 
height.  It is calculated by Equation 4. 
 
EFF. FLAME HEIGHT (Zfl) 
 
This is the effective height, in meters, of the flame above the elevation of the fire source.  It is 
calculated by Equation 3.  The flame height calculated by Equation 3 does not necessarily 
correspond with the visible flame height; it is used in the Heskestad plume equation to 
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distinguish between the flame region (Equation 2a) and the plume region (Equation 2b).  It is 
actually the elevation where the centerline temperature rise in the plume is approximately 500°C. 
 
LAYER HEIGHT ABOVE FIRE (Z) 
 
This is the distance, in meters, from the fire source height to the bottom of the smoke layer 
interface.  This is the variable used to determine when the flow into the smoke layer is equal to 
the vent flow from the smoke layer.  When the calculation reset is set to zero, the layer height is 
arbitrarily set to be located in the middle of the opening.  When the calculation reset is set to 1, 
the layer height is recalculated using the Newton-Raphson method described by Equation 8. 
 
DISCONTINUITY HEIGHT (Zd) 
 
This is the height, in meters, of the smoke layer interface relative to the bottom of the opening.  
If the smoke layer interface falls below the bottom of the opening, the discontinuity height is set 
to zero.  The discontinuity height is related to the layer height above the fire by Equation 5. 
 
NEUTRAL PLANE HEIGHT (Hn) 
 
The neutral plane height is the height, in meters, of the neutral pressure plane in the vent.  It is 
measured relative to the bottom of the opening.  The neutral plane represents the elevation where 
the pressure inside the compartment is the same as the pressure outside the compartment.  Above 
this elevation, hot gases flow from the compartment in accordance with Equation 1.  Below this 
elevation, air is drawn into the compartment.  The approximation of Deal and Beyler (1990) 
given in Equation 6 is used to describe the relationship between the neutral plane height and the 
previous two parameters. 
 
SMOKE LAYER TEMP. (Tu) 
 
This is the average temperature, in °C, in the hot gas layer.  It is calculated by Equation 7. 
 
TEMP. FACTOR 
 
This is an intermediate calculation used to calculate the following part of Equation 1, based on 
the input parameters and the current value for the smoke layer temperature: 
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The Temp. Factor has no individual value, but is used to simplify subsequent calculations.  
While the Temp. Factor appears to be a strong function of the smoke layer temperature, the 
Temp. Factor becomes virtually constant with a value of approximately 2.15 for smoke layer 
temperatures over the range of about 200°C to 600°C. 
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MDOT FACTOR 
 
This is an intermediate calculation factor used to simplify the calculation of the mass flow rate 
out the vent in accordance with Equation 1.  It has no independent merit.  A discharge 
coefficient, Cd, of 0.7 is assumed for calculation of the MDOT FACTOR. 
 
dme/dz 
 
This cell is used to calculate the derivative of Equation 1 with respect to z.  Results of this 
calculation are used in the Newton-Raphson method to make the next estimate of the location of 
the smoke layer interface.  This cell has no independent merit. 
 
dmi/dz 
 
This cell is used to calculate the derivative of Equations 2a and 2b with respect to z.  Results of 
this calculation are used in the Newton-Raphson method to make the next estimate of the 
location of the smoke layer interface.  This cell has no independent merit. 
 
FLOW RATE OUT VENT (me) 
 
This is the mass flow rate, in kg/s, of smoke out the wall vent.  It is calculated by Equation 1 
based on the current value of the smoke layer interface position.  Solution to the mass balance 
exists when the flow rate out the vent is equal to the plume flow rate in the cell below this one.  
 
PLUME FLOW RATE (mi) 
 
This is the mass flow rate, in kg/s, of smoke into the hot gas layer via plume entrainment.  It is 
calculated by Equation 2a or 2b based on the current location of the smoke layer interface and 
the effective flame height.  Solution to the mass balance exists when the plume flow rate is equal 
to the flow rate out the vent in the cell above this one.  
 
PLUME EQUIV. RATIO (PHI) 
 
This is the equivalence ratio for the combustion reaction based on the flow rate in the plume.  
The equivalence ratio is the actual fuel/air mass ratio normalized by the stoichiometric fuel/air 
mass ratio.  Values less than unity mean that there is excess air flowing into the smoke layer, 
while values greater than one mean that the plume is not entraining sufficient air to complete the 
combustion reaction.  Under these conditions, the actual heat release rate may diminish unless 
oxygen is available in the smoke layer to complete the combustion reaction. 
 
 
OPERATION 
 
The procedure for using the MASSBAL template can be summarized as follows: 
 
1. Set the calculation reset cell to 0.  This will reset the calculation. 
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2. Set the other input parameters to values appropriate for the fire scenario. 
 
3. Set the calculation reset cell to 1, then press the <F9> key.  This will cause the calculation to 

begin. 
 
4. Press the <F9> key repeatedly until the values in the "FLOW RATE OUT VENT (me)" cell 

and the "PLUME FLOW RATE (mi)" cells are equal.  When they are equal, the mass flow 
balance has been solved.  If the values in these cells do not seem to be getting closer to each 
other as the <F9> key is pressed, start at step 1 and try again.  Make sure the values entered 
for the input parameters are valid.  For example, if the fire height is set to a height above the 
top of the opening, errors will occur in the calculation. 

 
5. Under rare circumstances, the solution may not converge.  For these cases, enter slightly 

different values for some of the input parameters and see if a solution occurs. 
 
 
REFERENCES 
 
Deal and Beyler (1990) 
Heskestad (1984) 
Rockett (1976) 
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MECHVENT TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the fire conditions in a mechanically ventilated space 
without any natural ventilation. 
 
 
BACKGROUND 
 
This template calculates the average temperature rise in mechanically ventilated spaces.  This 
temperature rise is calculated as: 
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For extraction systems, the density of the extracted gases depends on the temperature of the 
gases, while for injection systems, the density of the injected gases is the density of the ambient 
air.  For an injection system, Equation 1 can be written as: 
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For an extraction system, Equation 1 can be written as: 
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where & & ( )Q Q Xn l= −1  and To is the absolute ambient temperature (K). 
 
 
LIMITATIONS 
 
This template relies in the entry of a user specified heat loss fraction to calculate the average 
temperature rise in a mechanically ventilated enclosure. 
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INPUT PARAMETERS 
 
The input parameters for the MECHVENT template include the following, listed in the order of 
entry: 
 
SMOKE EXTRACTION RATE (Vext) 
 
This is the fan capacity, in m3/s, of a mechanical extraction system.  If a mechanical extraction 
system does not exist for a given scenario, a value of 0 or "@NA" should be entered in this cell. 
 
AIR INJECTION RATE (Vinj) 
 
This is the fan capacity, in m3/s, of a mechanical injection system.  If a mechanical injection 
system does not exist for a given scenario, a value of 0 or "@NA" should be entered in this cell. 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the heat release rate, in kW, of the fire in the space. 
 
HEAT LOSS FACTOR (Xl) 
 
The heat loss factor is the fraction of heat released that is lost to the boundaries through radiation 
and convection from the flame and hot gases in an enclosure.  Typical values for the heat loss 
fraction range from 0.6 to 0.95.  This represents a very large range.  Selection of values at the 
two extremes of this range can result in temperature estimates that differ by hundreds of degrees 
Celsius.  In some scenarios, even lower values for the heat loss fraction may be appropriate, but 
values in the neighborhood of 0.8 provide reasonable agreement with experimental results for a 
number of experiments. 
 
AMBIENT TEMPERATURE (To) 
 
This is the ambient temperature of the air in the space, in °C. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the MECHVENT template include the following: 
 
NET HEAT RELEASE RATE (Qnet) 
 
This is the total heat release rate minus the fraction lost to the boundaries as specified by the heat 
loss factor.  Units are kW.  The net heat release rate is calculated as: 
 
 & & ( )Q Q Xn l= −1          (4) 
 
GAS EXPANSION RATE (Vexp) 
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This is the rate, in m3/s, at which gases expand in the enclosure due to heat addition.  The gas 
expansion rate is calculated as: 
 

 &
& &

expV Q
c T

Qn

o p o

n= =
ρ 353

         (5) 

 
If the expansion rate calculated by Equation 5 exceeds the extraction rate specified in the input 
parameter section, then an unventilated space analysis is appropriate because the extraction rate 
cannot exhaust all the expanding gases.  Some of the expanding gases will also leave the space 
through leakage paths. 
 
EXTRACTION TEMP RISE (dText) 
 
This is the average temperature rise of gases in the fire enclosure, in °C, for a space with a 
mechanical extraction system operating at the rate specified in the input parameters section. 
 
INJECTION TEMP RISE (dTinj) 
 
This is the average temperature rise of gases in the fire enclosure, in °C, for a space with a 
mechanical injection system operating at the rate specified in the input parameters section. 
 
EXTRACTION FLOW RATE (me) 
 
This is the extraction mass flow rate, in kg/s, associated with the specified mechanical extraction 
rate and the calculated extraction temperature rise: 
 

 & & &m V T
T T

Ve e ext
o o

o ext
ext= =

+
ρ ρ

∆
        (6) 

 
Absolute temperatures (K) must be used in this calculation. 
 
INJECTION FLOW RATE (mi) 
 
This is the injection mass flow rate, in kg/s, associated with the specified mechanical injection 
rate: 
 
 & &m Vi o inj= ρ           (7) 
 
EXTRACTION MAX HRR (Qmax) 
 
This is the maximum heat release rate, in kW, that could be sustained based on the air flow rate 
through the enclosure.  It is calculated as: 
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 & & &maxQ m H
r

me
c

e= =
∆ 3000         (8) 

 
If this value is less than the specified heat release rate, it implies that the specified heat release 
rate cannot be sustained.  If the specified heat release rate is reduced, the temperature rise will 
decrease, causing the extracted mass flow rate and the maximum heat release rate to increase.  If 
desired, the user can keep reentering values for the specified heat release rate until this heat 
release rate and the calculated maximum heat release rate match each other.  This would be the 
maximum sustainable heat release rate based on the input parameters. 
 
INJECTION MAX HRR (Qmax) 
 
This is the maximum heat release rate, in kW, that could be sustained based on the air flow rate 
into the enclosure.  It is calculated as: 
 

 & & &maxQ m H
r

mi
c

i= =
∆ 3000         (9) 

 
 
OPERATION 
 
Use of the MECHVENT template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters.  The user may specify 
either mechanical extraction or injection flow rates, or both.  Where both are specified, the user 
should recognize that the injection rate and the extraction rate should differ by the expansion rate 
of gases in the enclosure.  The user should assure that the specified heat release rate does not 
exceed the maximum heat release rates calculated on the basis of air flow rates into the space. 
 
 
REFERENCES 
 
Milke and Mowrer (1993) 
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PLUMEFIL TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the volumetric rate of smoke flow in a fire plume. 
 
 
BACKGROUND 
 
The volumetric rate of smoke flow in a fire plume has two components, entrainment and 
expansion: 
 
 & & &

expV V Vpl ent= +           (1) 
 
The gas expansion rate is calculated as: 
 

 &
& &

expV Q
c T

Qn

o p o

n= =
ρ 353

         (2) 

 
where & & ( )Q Q Xn l= −1 .   
 
The volumetric entrainment rate is related to the mass entrainment rate as & & /V ment ent o= ρ , where 
for classical axisymmetric plumes, the mass entrainment rate has the form: 
 
 & & / /m k Q zent m= 1 3 5 3         (3) 
 
A representative value for km is 0.076 in SI units, based on the work of Zukoski and coworkers 
(1980/81).  Assuming an ambient density of 1.2 kg/m3 and using the Zukoski entrainment 
coefficient of 0.076, the volumetric entrainment rate can be estimated as: 
 
 & . & / /V Q zent = 0 063 1 3 5 3         (4) 
 
Equations 2 and 4 are substituted into Equation 1 to perform the calculation in the PLUMEFIL 
template. 
 
LIMITATIONS 
 
This template relies on the entry of a user specified heat loss fraction to calculate the volumetric 
expansion rate of the plume.  It considers only the case of an axisymmetric plume and assumes 
that the Zukoski plume entrainment factor is appropriate. 
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INPUT PARAMETERS 
 
The input parameters for the PLUMEFIL template include the following, listed in the order of 
entry: 
 
HEIGHT (Z) 
 
This is the vertical distance, in meters, from the top of the fire source to the smoke layer 
interface. 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate, in kW, of the fire in the space. 
 
CONVECTIVE FRACTION (Xc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume.  The 
remaining fraction is radiated from the flame and plume.  Typically, approximately 30 to 40 
percent of the heat released in a fire is radiated and the remaining 60 to 70 percent is convected. 
 
HEAT LOSS FRACTION (Xl) 
 
The heat loss fraction is the fraction of heat released that is lost to the boundaries through 
radiation and convection from the flame and hot gases in an enclosure.  Typical values for the 
heat loss fraction range from 0.6 to 0.95.   
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the PLUMEFIL template include the following: 
 
EXPANSION RATE (Vexp) 
 
This is the rate, in m3/s, at which gases expand in the enclosure due to heat addition.  The gas 
expansion rate is calculated by Equation 2. 
 
ENTRAINMENT RATE (Vent) 
 
This is the volumetric rate, in m3/s, at which air is entrained into the fire plume over the height 
Z.  It is calculated by Equation 4. 
 
TOTAL SMOKE FLOW RATE (Vtot) 
 
This is the total volumetric flow rate of the fire plume over the height Z.  It is calculated per 
Equation 1. 
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OPERATION 
 
Use of the PLUMEFIL template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters. 
 
 
REFERENCES 
 
Milke and Mowrer (1993) 
Nelson (1990) 
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PLUMETMP TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the temperature rise in an axisymmetric fire plume. 
 
 
BACKGROUND 
 
Alpert and Ward (1984) suggest that the temperature rise in an axisymmetric plume varies as: 
 

 ( )
3/5

3/2

22
Z

QkT LF
pl

&
=∆          (1) 

 
Alpert and Ward suggest that this calculation is appropriate for calculated temperature rises 
below approximately 900°C.  Calculated temperatures above this are indicative of the location 
being immersed in the flame.  For these situations, the actual temperature rise should be 
approximately 900°C. 
 
This calculation applies before the development of a hot gas layer within the space being 
considered.  After development of the hot gas layer, higher temperatures can occur in the fire 
plume because the plume will entrain hot gases from the hot gas layer rather than cool ambient 
air.  The CJTEMP template discusses a method to estimate the time for the hot gas layer to form 
in a specified space. 
 
 
LIMITATIONS 
 
After hot gas layer development, higher temperatures than calculated here can occur in the fire 
plume due to the entrainment of hot gases from the hot gas layer rather than cool ambient air. 
 
 
INPUT PARAMETERS 
 
The input parameters for the PLUMETMP template include the following, listed in the order of 
entry: 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire, expressed in kW. 
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CONVECTIVE FRACTION (Xc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume.  The 
remaining fraction is radiated from the flame and plume.  Typically, approximately 30 to 40 
percent of the heat released in a fire is radiated and the remaining 60 to 70 percent is convected. 
 
HEIGHT ABOVE FIRE (Z) 
 
This is the vertical distance from the top of the burning fuel to the target location in the plume, 
expressed in meters. 
 
FIRE LOCATION FACTOR (kLF) 
 
The fire location factor is used to account for differences in entrainment rates and plume/ceiling 
jet temperatures that occur when fires are located adjacent to walls and in corners formed by two 
walls.  Appropriate fire location factors include: 
 

Fire location Value for kLF
Center 1 
Wall 2 
Corner 4 

 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the PLUMETMP template include the following: 
 
CONVECTIVE HRR (Qc) 
 
This is the fraction of the total heat release rate that is convected in the fire plume and ceiling jet.  
It is calculated as: 
 
 & &Q X Qc c=           (2) 
 
FLAME HEIGHT (Zfl) 
 
This is an estimate of the flame height, in meters, above the burning fuel package.  The flame 
height is calculated as: 
 
 Z k Qfl LF= 0 2 2 5. ( & ) /          (3) 
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If the flame height exceeds the ceiling height, it implies that the flames will impinge on the 
ceiling.   
 
 
 
 
 
PLUME TEMPERATURE RISE (dTpl) 
 
This is the plume temperature rise, in °C, at the target located a distance Z directly above the 
fire.  It is calculated per Equation 1.  If the value of the temperature rise exceeds a value of 
approximately 900°C, it implies the location is immersed in the flame.  Calculated temperature 
rises higher than 900°C should be considered as approximately 900°C until the hot gas layer 
forms, at which time higher temperatures may occur.  
 
 
OPERATION 
 
Use of the PLUMETMP template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters. 
 
 
REFERENCES 
 
Alpert and Ward (1984) 
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RADIGN TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the potential for the radiant ignition of a combustible target 
separated by some distance from a freely burning fire. 
 
 
BACKGROUND 
 
The basis of this template is a correlation of experimental data by Babrauskas (1981).  This 
correlation can be expressed as: 
 
 & ( . . )Q q dr ig= +10 111 2          (1)  
 
 
LIMITATIONS 
 
This calculation is based on the best fit of limited experimental data by Babrauskas.  Due to 
statistical variation in the data, this is not the most conservative value that could be used.  This 
calculation only considers the potential for ignition by radiation from an adjacent flame.  It does 
not consider radiation from hot gas layers or the potential for ignition by flying brands. 
 
 
INPUT PARAMETERS 
 
The input parameters for the RADIGN template include the following, listed in the order of 
entry: 
 
SEPARATION DISTANCE (d) 
 
This is the distance, in meters, between the burning item and the target. 
 
MIN. IGNITION HEAT FLUX (qig) 
 
This is an estimate of the minimum heat flux, in kW/m2, needed to ignite the target.   
 
Representative values for the minimum heat flux are: 
 
 

"EASE OF IGNITION" qig 
(kW/m2) 
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EASILY IGNITED 10 
MODERATE EASE OF IGNITION 20 

DIFFICULT TO IGNITE 30 
 
RADIATIVE FRACTION (Xr) 
 
This is the fraction of the total heat release rate that is radiated from the flame.  The remaining 
fraction is convective.  Typically, approximately 30 to 40 percent of the heat released by a 
natural fire is radiated and 60 to 70 percent is convected. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the RADIGN template include the following: 
 
RADIANT HRR FOR IGNITION (Qr) 
 
This is the radiant heat release rate, in kW, needed to impose the minimum ignition heat flux on 
the target.  It is calculated per Equation 1. 
 
TOTAL HRR FOR IGNITION (Q) 
 
This is the total heat release rate, in kW, needed to impose the minimum ignition heat flux on the 
target.  It is calculated as: 
 

 &
&

Q Q
X

r

r

=           (2) 

 
 
OPERATION 
 
Use of the RADIGN template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters. 
 
 
REFERENCES 
 
Babrauskas (1981) 
Nelson (1990) 
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ROOFVENT TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the quasi-steady mass flow rate through a roof vent. 
 
 
BACKGROUND 
 
The mass flow rate of hot gases through a roof vent can be estimated, based on hydrostatic 
pressure differences caused by buoyance, the Bernoulli Equation and orifice flow theory, as: 
 

 







−= 12

o

u
vodo T

TghACm ρ&         (1) 

 
 
LIMITATIONS 
 
Equation 1 assumes unrestricted air flow into the space to replace the fire gases being vented.  If 
the air flow into the space is restricted, lower flow rates will occur.  Stack effect is not 
considered by this template, so the lower layer temperature is assumed to be the same as the 
outside ambient temperature.  The STACK template considers stack effect and the effect of 
restricted inlet vents, so it is likely to be preferred over this template. 
 
 
INPUT PARAMETERS 
 
The input parameters for the ROOFVENT template include the following, listed in the order of 
entry: 
 
SMOKE LAYER DEPTH (h) 
 
This is the vertical distance, in meters, between the smoke layer interface and the roof elevation.  
 
SMOKE TEMPERATURE (Tu) 
 
This is the temperature, in °C, of the smoke layer. 
 
AMBIENT TEMPERATURE (To) 
 
This is the ambient temperature, in °C. 
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ROOF VENT AREA (Av) 
 
This is the area, in square meters, of the roof vent. 
 
VENT DISCHARGE COEFF. (Cd) 
 
This is the discharge coefficient of the roof vent.  Values in the range of 0.6 to 0.7 are typical, 
with 0.6 being representative for roof vents. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the ROOFVENT template include the following: 
 
PRESSURE DIFFERENTIAL (dP) 
 
This is the pressure differential, in Pascals, acting across the roof vent.  This pressure differential 
is calculated from hydrostatics as: 
 
 ∆P gho= −( )ρ ρ          (2) 
 
GAS VELOCITY (v) 
 
This is the velocity of gases flowing through the roof vent.  It is calculated from the Bernoulli 
Equation as: 
 

 v P
=

2∆
ρ

          (3) 

 
VOLUMETRIC FLOW RATE (V) 
 
This is the volumetric flow rate of gases through the roof vent.  It is calculated as: 
 
 &V C A vd v=           (4) 
 
MASS FLOW RATE (m) 
 
This is the mass flow rate, in kg/s, through the roof vent.  It is calculated by Equation 1. 
 
OPERATION 
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Use of the ROOFVENT template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters.   
 
REFERENCES 
 
Nelson (1990) 
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STACK TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the quasi-steady mass flow rate through an enclosure with 
two vents separated by a vertical distance.  The upper vent is immersed in the smoke layer and 
the lower vent is in the lower layer, so that the flow through each vent is unidirectional. 
 
 
BACKGROUND 
 
Due to the buoyancy of hot smoke in an enclosure, it is common practice to vent the smoke 
through openings high in the fire space.  Such venting may occur automatically through smoke 
vents designed for such purposes or manually through fire fighting activities.  The value of such 
high vents in raising the smoke layer in a space is well recognized, but the need to provide lower 
vents to augment the ventilation may not be as well recognized.  Without such lower vents to 
provide makeup air to the space, an unstable choked flow will occur through the upper vent. 
 
This template calculates the mass flow rate through separate upper and lower vents under the 
influence of both stack effect and buoyancy.  Milke and Mowrer (1993) have developed the mass 
flow equation for this scenario:  
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In this template, the user enters the height of the thermal discontinuity, Hd, as well as the smoke 
layer temperature, Tu.  These parameters could be calculated based on an appropriate plume 
entrainment relationship, as in the MASSBAL template, but such calculations have not yet been 
implemented.  Under quasi-steady conditions, the thermal discontinuity height should be at the 
elevation where entrainment into the fire plume balances the flow through the upper vent.    The 
user can use the PLUMEFIL template to compare the vent flow calculated in this template with 
the expected plume flow for a given scenario. 
 
LIMITATIONS 
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The primary limitation of the this template is the need to enter the smoke layer interface location 
and smoke layer temperature as input parameters.  The model used for this template assumes that 
the inlet and outlet vents are separated by a relatively large distance.  This assumption permits 
the pressure differential across each vent to be treated as a  constant at the midvent value. 
 
 
INPUT PARAMETERS 
 
The input parameters for the STACK template include the following, listed in the order of entry: 
 
HEIGHT BETWEEN OPENINGS (H) 
 
This is the vertical distance, in meters, between the centers of the inlet and the outlet vents. 
 
SMOKE LAYER HEIGHT (Hd) 
 
This is the vertical distance, in meters, from the center of the inlet vent to the smoke layer 
interface. 
 
INLET AREA (Ai) 
 
This is the area, in square meters, of the inlet (lower) vent. 
 
INLET COEFFICIENT (Ci) 
 
This is the discharge coefficient of the inlet vent.  Values in the range of 0.6 to 0.7 are typical, 
with 0.6 being representative for roof vents and 0.7 being representative for wall vents. 
 
OUTLET AREA (Ao) 
 
This is the area, in square meters, of the outlet (upper) vent. 
 
OUTLET COEFFICIENT (Co) 
 
This is the discharge coefficient of the outlet vent.  Values in the range of 0.6 to 0.7 are typical, 
with 0.6 being representative for roof vents and 0.7 being representative for wall vents. 
 
AMBIENT OUTSIDE TEMP (To) 
 
This is the temperature of the outside air, in °C. 
 
AMBIENT INSIDE TEMP (Tl) 
 
This is the temperature of the inside air, in °C 
 
SMOKE LAYER TEMP (Tu) 
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This is the average temperature of the smoke layer gases, in °C.  
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CALCULATED PARAMETERS 
 
The calculated parameters for the STACK template include the following: 
 
TEMP RATIO 1 (To/Tl) 
 
This is the ratio of the absolute ambient outside temperature to the absolute ambient inside 
temperature. 
 
TEMP RATIO 2 (To/Tu) 
 
This is the ratio of the absolute ambient outside temperature to the absolute smoke layer 
temperature. 
 
MASS FLOW RATE (m) 
 
This is the mass flow rate, in kg/s, through the upper and lower vents. 
 
 
OPERATION 
 
Use of the STACK template only requires entry of the input parameters identified in the INPUT 
PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters.   
 
 
REFERENCES 
 
Milke and Mowrer (1993) 
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TEMPRISE TEMPLATE 

 
 
 
APPLICATION 
 
This template can be used to estimate the average temperature rise in a closed room fire based on 
a one-zone analysis. 
 
 
BACKGROUND 
 
Most zone fire models assume a two-layer scenario with a hot gas layer stably stratified above a 
cooler lower layer.  In this template fire conditions in a closed room are estimated based on a 
single zone model, where the single zone is defined as the volume of the room above the 
elevation of the fire source.  Based on this assumption, the average temperature rise in the 
volume above the fire source can be calculated as: 
 
 ( )[ ]1/exp −=∆ ono QQTT         (1) 
 
where  dtQXQ

t

ln ∫ −=
0

)1( &   and Q c T V Vo o p o= =ρ 353  

 
Qn represents the net energy added to the volume by the fire and Qo represents the ambient 
energy level associated with the volume.  The volume, V, is the volume above the fire source.  
For a fire with a constant heat release rate, as assumed in the template, the net heat release is 
calculated as: 
 
 
 Q X Qt X Qn l l= − = −( ) & ( )1 1  where Q is the total energy released by the fire  (2) 
 
 
A fire in a closed room may burn out due to oxygen depletion if an additional source of air is not 
available from outside the space through mechanical or natural ventilation.  The maximum 
amount of heat that can be released in a space without supplemental ventilation can be related to 
the mass of air in the space as: 
 

 Q V H
r
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c

O o Olim = =ρ χ ρ χ∆
2 2

3000        (3) 

 
χO2 is the fraction of oxygen in the air that can be consumed before extinction: 
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YO2 is the mass fraction and XO2 is the volume fraction of oxygen.  The subscripts o and lim 
refer to ambient and extinction limit values for these terms.  Equation 3 represents the maximum 
amount of heat that can be released.  This limit value needs to be inserted into Equation 2 to 
determine the maximum net heat release within the volume.  The maximum net heat release can 
then be inserted into Equation 1 to calculate the average temperature rise when a fire burns out 
due to oxygen depletion. 
 
 
LIMITATIONS 
 
This template relies on a user specified heat loss factor to calculate the average temperature in a 
space.  This temperature calculation is very sensitive to the value specified for the heat loss 
factor.  The calculation of Qlim in Equation 3 assumes that a fraction of all the oxygen in the air 
in the volume is available for combustion.  As the gases start to expand, some of this air will be 
pushed from the enclosure, so Equation 3 actually represents an upper limit on the heat that can 
be released without supplemental ventilation.  The template only considers fires with a constant 
heat release rate. 
 
 
INPUT PARAMETERS 
 
The input parameters for the TEMPRISE template include the following, listed in the order of 
entry: 
 
AMBIENT TEMPERATURE (To) 
 
This is the ambient temperature, in °C. 
 
ROOM AREA (A) 
 
This is the area, in square meters, of the space. 
 
CEILING HEIGHT ABOVE FUEL (H) 
 
This is the vertical distance, in meters, from the top of the fire source to the ceiling. 
 
FIRE HEAT RELEASE RATE (Q) 
 
This is the total heat release rate of the fire, in kW.  A constant heat release rate must be 
specified. 
 
BURNING DURATION (tbo) 
 
This is the time, in seconds, that the fire burns.  A cross-check is not made to assure that there is 
sufficient air in the space to support this burning duration.  The user must check to be sure that 
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the net energy released does not exceed the maximum net energy release.  If it does, then the 
burning duration should be decreased until it no longer does. 
 
 
 
 
HEAT LOSS FACTOR (Xl) 
 
The heat loss factor is the fraction of heat released that is lost to the boundaries through radiation 
and convection from the flame and hot gases in an enclosure.  Typical values for the heat loss 
fraction range from 0.6 to 0.95.   
 
MIN. OXYGEN CONC (%O2) 
 
This is the minimum oxygen concentration, in volume %, at which the fire will extinguish itself.  
In experiments in normal air, a minimum oxygen concentration in the range of 12 to 15 % by 
volume is generally observed. 
 
 
CALCULATED PARAMETERS 
 
The calculated parameters for the TEMPRISE template include the following: 
 
NET ENERGY RELEASED (Qnet) 
 
This is the net energy released by the fire into the space over the total duration of the fire.  It is 
calculated by Equation 2, using the specified heat release rate and burning duration. 
 
AVG TEMPERATURE RISE (dT) 
 
This is the average temperature rise, in C, in the space.  It is calculated by Equation 1, using the 
net energy release calculated in the previous cell. 
 
MAX. O2 FRACTION (XO2) 
 
This is the maximum fraction of oxygen that can be consumed before the fire burns out due to 
oxygen depletion.  It is calculated by Equation 4, using the user specified minimum oxygen 
concentration.  An ambient oxygen concentration of 21% by volume is assumed. 
 
MAX. NET ENERGY RELEASE (Qmax) 
 
This is the maximum net energy release, in kJ, that can occur within the space.  It is calculated 
by Equation 3, based on the maximum oxygen consumption fraction calculated in the previous 
cell. 
 
MAX TEMPERATURE RISE (dTmax) 
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This is the maximum average temperature rise, in C, that can occur within the space before the 
fire burns out due to oxygen consumption.  It is calculated by Equation 1, using the maximum 
net energy release calculated in the previous cell.  If this value exceeds, the average temperature 
rise value calculated above, it implies that the fire will burn out before the specified burning 
duration. 
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OPERATION 
 
Use of the TEMPRISE template only requires entry of the input parameters identified in the 
INPUT PARAMETERS section for the desired scenario.  Values for calculated parameters are 
recalculated immediately upon change of any of the input parameters.  The user must assure the 
consistency of the input data.  It is possible to calculate physically impossible temperatures if the 
oxygen limitation is ignored. 
 
 
REFERENCES 
 
No references cited. 
 



Mowrer; Spreadsheet Templates for                                                                   
Fire Dynamics Calculations                                                                            Listing:  September 2003 

Downloaded from Fire Risk Forum               2003 Frederick W. Mowrer – all rights reserved               
www.fireriskforum.com  

91

 
THERMPRP TEMPLATE 

 
 
APPLICATION 
 
This template contains thermal property data for 15 types of boundary materials. 
 
BACKGROUND 
 
McCaffrey, Quintiere and Harkleroad (1981) included a table with the thermal properties of 15 
common boundary materials.  The thermal properties include: 
 
 Conductivity, k (kW/m-K) 
 Density, ρ (kg/m3) 
 Specific heat, cp (kJ/kg-K) 
 Thermal diffusivity, α = k/ρcp (m2/s) 
 Thermal inertia, kρcp ((kW/m2-K)2s) 
 
These thermal properties can be used in those templates that require specification of the thermal 
properties of boundary materials 
 
LIMITATIONS 
 
The thermal properties of building materials included in this template are constant.  Actual 
thermal properties may vary over the temperature range of interest.  While the tabulated thermal 
properties represent reasonable average values, there may be some applications where better 
precision is warranted. 
 
 
REFERENCES 
 
McCaffrey, Quintiere and Harkleroad (1981) 
 
 


