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METHODS TO CALCULATE THE RESPONSE TIME OF HEAT AND SMOKE
DETECTORS INSTALLED BELOW LARGE UNOBSTRUCTED CEILINGS

Abstract

Recently developed methods to calculate the time required for ceiling
mounted heat and smoke detectors to respond to growing fires are reviewed. A
computer program that calculates activation times for both fixed temperature
and rate of rise heat detectors in response to fires that increase in heat
release rate proportionally with the square of time from ignition is given.
This program produces nearly equivalent results to the tables published in
Appendix C, Guide for Automatic Fire Detector Spacing, (NFPA 72E, 1984). A
separate method and corresponding program are provided to calculate response
time for fires having arbitrary heat release rate histories. This method 1is
based on quasi-steady ceiling layer gas flow assumptions. Assuming a constant
proportionality between smoke and heat released from burning materials, a
method is described to calculate smoke detector response time, modeling the
smoke detector as a low temperature heat detector in either of the two

response time models.

1. INTRODUCTION

Studies of the response of heat detectors to fire driven flows under
unconfined ceilings have been conducted since the early 1970's [1, 2, 3, 4].
Results of these largely experimental studies have been used to develop corre-
lations of data that are useful under a broad range of fire conditions and
building geometries. These correlations have been used to construct engineer-
ing methods to determine heat detector spacing, sprinkler response time, and

smoke detector alarm times for industrial buildings where large undivided



ceilings over storage and manufacturing facilities are common. The method for
calculation of heat detector spacing has been adopted by the National Fire
Protection Association (NFPA) as an alternate design method published in the

standard NFPA 72E, 1984 [5].

Although the NFPA heat detector spacing calculation is a well documented
method, it 1is not in a convenient form for use by the Nuclear Regulatory
Commission (NRC) in evaluating the response characteristics of existing
systems for two reasons. 1) Currently, the only available form of the infor-
mation is the tabular form published in the NFPA 72E standard. An analytic
form or computer subroutine that produced equivalent answers would be more
flexible and of greater use to NRC. 2) The published tables are organized to
look-up spacing requirements for a given response time. In the evaluation of
existing systems, the opposite problem is of interest - for a given spacing

and detector determine the response time.

As part of this study, the basis for the calculation method published in
Appendix C of the NFPA 72E standard was determined. Alternative correlations
of the same experimental data that are the basis for the tables in Appendix C
of the NFPA 72E standard were used to construct a FORTRAN program (DETACT-T2
Code) to evaluate the response time of existing heat detector systems. Using
the program, calculated values for response time agree to within 5 percent of
those published in the tables contained in Appendix C of the NFPA 72E
standard. Although this calculation method is the most firmly based of those
to be discussed in this report, it is restricted to application in which the
fire to be detected increases in energy release rate proportionally with the

square of time from the ignition.



~ separate program (DETACT-QS Code), written in PC BASIC, is capable of
evaluating detector response for a fire with an arbitrary energy release rate
history. The only restriction is that the energy release rate must be repre-
sented as a series of connected straight lines, the end points of which are
entered as user input data. Inaccuracies may be introduced in the analysis of
rapidly varying fires because this code uses a quasi-steady approximation for
the fire driven gas flow. This means that changes at the fire source
immediately affect the gas flows at all distances from the fire. In reality,
time is required for the gases té travel from the fire to remote locatioms.
Generally, fire driven flows have a velocity the order of one meter per
second. Thus a quasi-steady analysis for locations close to the fire will
only be in error by a few seconds, while remote locations can be delayed by
tens of seconds. Keeping this approximation in mind, this program represents
the most flexible of available methods but has not been tested against experi-

mental data.

Béth of the codes discussed above analyze detector response at
installation sites under large unconfined ceilings. For smaller compartments,
in which confining walls will cause a layer of fire products to accumulate
under the ceiling, hence submerging the ceiling-jet flow before the heat
detector can respond, different calculations are necessary. The problem of
analyzing the response of heat detectors or sprinklers in a two-layer
environment (warm fire products over cool air) has been studied [6], but no
single code has been produced to facilitate analysis. This class of problem

will not be discussed in this report.



Analysis of smoke detector response is currently performed by
approximating the smoke detector as a low-temperature zero-lag-time heat
detector. Selection of the response temperature corresponding to a given
detector sensitivity also depends on the relative proportion of "smoke" and
energy released by the burning fuel. Test data of gas temperature rise at the
time of smoke detector alarm is presented in this report. An alternative
approximate method is given to determine this same temperature rise by using
fuel smoke and energy release rate measurements obtained in a laboratory scale

apparatus developed by Tewarson [7].
2. DETECTOR RESPONSE TO t2 - FIRES

Appendix C of the NFPA 72E standard [5], "Guide for Automatic Fire
Detector Spacing,” contains methods to determine the required heat detector
spacing that will provide alarms to growing fires before the fire has grown to
a user specified energy release rate. Tables provide information to evaluate
different fire growth rates, ceiling heights, ambient temperatures, detector
alarm conditions (fixed temperature or rate of rise), and detector thermal
time constant. The tables reflect the extensive experimental studies and

mathematical fire modeling performed by Heskestad and Delichatsios at Factory

Mutual Research Corporation [3, 4].

Beyler [8] uses a different correlation of Heskestad and Delichatsios'
data than was used to produce the tables in NFPA 72E Aﬁpendix C to obtain an
analytical expression for the gas flow temperature and velocity produced under
ceilings that can be used to evaluate heat detector response. Beyler's solu-

tions are limited to evaluation of fires that increase in energy release rate



proportionally with the square of time from ignition. This class of fire is
commonly referred to as a "t-squared-fire.” Briefly, the problem of the heat
detector response is solved using analytic solutions for the time dependent
temperature of the detector sensing element up to the point when it is heated
to the specified alarm conditions. The model for the detector sensing element
temperature is based on a convective heat transfer process. Characterization
of the thermal response of heat detector and sprinkler thermal sensing
elements is discussed by Heskestad and Smith [9], and Evans [10]. The first
order differential equation that describes the rate of temperature increase of

the sensing element is [6]:

de } Ul/Z

de RTI

(T-T] (1)

The notation for all equations is given in the notation section. The value of
RTI (Response Time Index), a measure of the thermal time constant of the
detector, is determined by testing [9]. Values of the time-dependent gas
temperature and velocity are obtained from the following correlations [8].

* * *
AT, = 0 for t, < (tz]f

*

bTy = {[t) - 0.954(1 + r/H)]/[0.188 + 0.313 r/E} 3 for € > (&),
(t5)g = 0.954 [1 + r/H] )
U; = 0.59 {r/H]'0'63[aT;]1/2

where



* 1/5
* 2/5 2/5 ,-3/5
AT, = AT/[A"'7(T_/g) o”'" H ]
* - -
ty = t/[A 1/5 « 1/5H4/5]
A=g/(cTp)
P.'
AT =T-T
o
a= t2/Q
The solutions to equation (1) for detector sensing element temperature, Tg,

and rate of temperatue rise, dTh/dt, in response to the tz - fire with growth

rate specified by the value of o are from Beyler [8] as follows:

AT = (AT/AT;) aT; [1-(1- e 1) /¥ (3)
dT,  (4/3)(a1/aTy)(aTy) = o
- 1l -e
€ " (¢/t)(0.188 + 0.313 r/H)
where

* 1/2 *

;.3 u it % AT ¢

=7 = — —t —% (0.188 + 0,313 r/H)
u, * c

AT, 2

assuming that aTB = 0 initially. T and U in equation 1 are obtained from the
% *
correlations in equation set (2) for AT, and U, respectively. Equations 3 and

4 were programmed into a user interactive FORTRAN code called the DETACT-T2



Code. This code solves for the time required to reach a specified positive
value of ATS or dTS/dt representing detector alarm. Details of the DETACT-T2
Code use, a worked example, and program listing are given in Appendix A.

Briefly for a fixed temperature detector, the user enters values for:

Ambient air temperature

Detector response temperature or rate of temperature rise
Detector RTI

Fuel to ceiling distance

Radial distance of detector from the fire plume axis

Fire growth rate constant a (for t2 fires)

Outputs of the code are the time to detector response and fire energy

release rate at that time.

In Appendix A, use of the DETACT-T2 Code to calculate the response time

of a fixed temperature detector is demonstrated in a worked example using the

following program inputs:

Ambient air temperature
Detector response temperature
Detector RTI

Fuel to ceiling distance

Radial distance of detector from
axis of fire

Fire growth rate constant

21.1°C (70°F)

54.44°C (130°F)

1/281/2 ( 1f251;h\

370.34 m 670.8 ft

3.66 m (12 ft.)

2.16 m (7.07 ft.)

11.71 J/s3 (0.0111 BTU/s3)



The calculated response time using the DETACT-T2 Code is 298 seconds and
corresponding fire energy release rate is 1.04 MW (986 BTU/s). This same fire
and detector combination can be seen in the table C-3-2.l1.1(e) in Appendix C
of NFPA 72E [5], (in the table notation, threshold fire size 1000 BTU/s, fire
growth rate, medium; DET TC = 300 A s, AT = 600F, ceiling height = 12 Aft,
installed spacing in the body of the table 10ft). All values in table C-3-
2.1.2(e) [5] are for detector response times of 300 seconds. This is in
agreement with the 298 s calculated with the DETACT-T2 Code given in Appendix

A of this report.

Eleven other randomly selected combinations of fires and detectors were
calculated using the DETACT-T2 Code and results compared to table values in
Appendix C of NFPA 72E [5]. Of these cases the greatest deviation was 7.52

and least was 0.17%.

Use of the DETACT-T2 Code has two main advantages over the tables in
Appendix C of NFPA 72E [5]. Ome is that the code is specifically designed to

evaluate existing facilities. The other is that any t2

- fire growth rate can
be analyzed. The tables in Appendix C of NFPA 72E [5] contain only three
different fires. At present, an NBS special publication is being prepared
containing tabular results with the same information as those in the NFPA 72E,
Appendix C [5], but recast into a form useful for evaluation of existing

facilities. This publication "Evaluating Thermal Fire Detection Systems,” by

Stroup, Evans, and Martin should become available in 1986.



3. DETECTOR RESPONSE TO ARBITRARY FIRES

The DETACT-T2 Code is useful for evaluating the response of specified
detectors to t2 - fire growth rates. In some cases a fire of interest does
not follow an energy release rate that is proportional to the square of time
from ignition. For these cases use of the DETACT-T2 Code to evaluate the

responses of detector systems is inappropriate.

To evaluate detector response to an arbitrary energy release rate
history, an assumption of quasi-steady gas flow temperatures and velocities is
made. With this assumption, correlation for ceiling-jet temperatures and
velocities obtained from experiments using steady fire energy release rate
sources can be used to evaluate growing fires. The growing fire is repre-
sented in the calculation as a series of steady fires with energy release

rates changing in time to correspond to the fire of interest.

Correlations of ceiling-jet temperatures and velocities from experiments
using steady fire sources have been published by Alpert [L]. Recast into

metric form they are:

AT = 16.9 Q 2/3u 3/3 for r/H < 0.18
U = 0.95 (Q/u)l/3 for r/H < 0.15 (5)
AT = 5.38(Q/r) 2/3u for r/H > 0.18

v =o0.2 Qt/3 g 1/2,.5/6 for r/H > 0.15



where the metric units are T[°C], U[m/s], Q[kW], r([m], H[m].

A computer code to perform the integration of equation 1, the
differential equation for detector sensor temperature, using the quasi-steady
fire driven flow approximation and Alpert's correlations from equations in 5,
is listed in Appendix B. This code, called the DETACT-QS Code, is written in
PC BASIC. The code requires user input similiar to the DETACT-T2Z Code in
Appendix A, with the one exception that the fire energy release rate 1is speci-

fied as a series of time, energy release rate data pairs.

The same fire and detector case used as an example of execution for the
DETACT-T2 Code was evaluated using the DETACT-QS Code. The example inputs and
results are given in Appendix B. The fire was input as time, energy release
rate pairs at intervals of 5 seconds to match the t?2 - fire with a = 11.7105
w/sz. Other parameters were maintained the same. The resulting predicted
detection time using the DETACT-QS Code was 313 seconds with the corresponding
fire energy release rate at detection of 1147 kW. Remember that with the
DETACT-T2 Code the calculated time of detection was 298 seconds with fire
energy release rate at detection of 1040 kW. This example was chosen to
demonstrate specifically that there will be differences between the two
methods even in the evaluation of the same fire. The quasi-steady fire
analysis on which the DETACT-QS Code is based has the advantage that arbitrary

fire energy release rates can be input as a data set.

10



4., SMOKE DETECTOR RESPONSE

Both of the heat detector response models discussed are based on
predictions of the temperature and velocity of the fire driven gas flow under
the ceiling and models of the heat detector response. The same calculations
could be used to predict smoke detector response given a relationship between
smoke concentration and temperature rise in the fire driven gas flow and the

response characteristics of the smoke detector.

The response characteristics of smoke detectors are not as well
understood as thermal detectors. Smoke detector alarm conditions depend omn
more than smoke concentration. Smoke particle sizes and optical or particle
scattering properties can affect the value of smoke concentration necessary to
reach alarm conditions. For thermal detectors, measured values of RTI
characterize the lag time between gas temperature and sensing element tempera-
ture. For smoke detectors there is no analogous method to characterize the
lag time between gas flow smoke concentration and the smoke concentration
within the sensing chamber. 1In the absence of understanding of the many
processes affecting smoke detector response, a smoke detector will be considered to
be a low temperature heat detector with no thermal lag, i.e. RTI = 0. The
analogy between smoke obscuration in the gas flow and temperature rise will be
developed in order to determine the corresponding temperature rise to use as a

model for a smoke detector known to alarm at a given smoke obscuration.

Similarity between temperature rise and smoke concentration will be
maintained everywhere within a fire-driven flow if the energy and smoke
continuity equations are similar. For the case of constant cp, k, and D these

equations are:

11



e, T -k v aT =0 (6)

dYs
P T4t

2 .fll
-pD v Y, = 7

If the Lewis number k/pch = ], then the ratio of temperature rise to
smoke concentration can remain constant throughout the fire driven flow, if
the ratio ('1'”/::p ﬁ;'| is maintained constant in all regions where energy 1is
exchanged with the flow. Reactions in the flame over the burning fuel will
determine the ratio of temperature rise to smoke concentration throughout the
flow. Other energy exchanges in normal fire flows, convection to cool room
boundaries, and radiation from smokey gases decrease the ratio of temperature
rise to smoke concentration because energy is extracted from the flow without
a proportional decrease in smoke concentration. Mixing of hot combustion
products with cool smokey gases that may accumulate in an enclosure also
decrease the ratio of temperature rise to smoke concentration because smoke
mass is added to the flow without a proportional increase in enmergy. For fire
driven flows in which the effects that alter the ratio of temperature rise to
smoke concentration are not significant, the response of smoke detectors may
be calculated as if it were a fixed temperature heat detector. The tempera-
ture rise necessary for alarm of this substitute heat detector is calculated
from the product of smoke concentration needed to alarm the smoke detector and

the ratio of temperature rise to smoke concentration produced by the burning

material.

Generally the sensitivity of smoke alarms are given in terms of the

amount of obscuration by the smokey flow that is necessary to produce an alarm
and not directly in smoke concentration. The more sensitive the smoke

detector the smaller the amount of obscuration needed to alarm.

12



The obscuring ability of a smoke laden gas flow is measured by the

attenuation of a light beam. The measure of the attenuation is the optical
density per unit beam length, 0D, [3]

I
oD = (log,, —7)/L (8)

By testing, Seader and Einhorn [l1] found that the attenuating abilities of
smokes produced from many different materials undergoing flaming combustion
were similar. For flaming combustion they found that the optical density per
unit length was proportional to the mass concentration of "smoke" in a gas

flow as:
OD = 3330 CB (9)

where 0D is optical density per meter and Cs is smoke mass concentration in

kilograms per cubic meter.

The ratio of temperature rise in a fire driven flow to smoke

concentration may be recast in terms of optical density using equation 9 as:

%I = 2%1 = 3330pAT (10)
s 8

Under the assumption discussed at the beginning of this section, this

Te .ll!

ratio will be equal to the ratio Q KCPm « The last ratio may be approxi-

mated by a volume average over the combustion region so that

3330pAT _ _ Q

oD .
cplg

13



or

0D
2 = P (11)

As an example, literature values for oak wood may be used to obtain a

representative value. For oak

Q = 7600 kJ/kg fuel consumed per unit time [12]
E:s = 0.017 kg smoke/kg fuel consumed per unit time [12]
air ¢ = 1 kJ/kg°C

alr p = 1.165 kg/m3 at 300C

From equation (11) %%-- 8.68 x 1{)-'3 (muc)“1 .

Heskestad and Delichatsios [3] have reported representative optical
density per meter for smoke detector alarm and corresponding temperature rise
in the gas flow. For wood crib (unknown type) fires, the ratio of these
values was OD/AT = 1.2 x 10—3 [1/m0C]. This is the same order of magnitude as
the number calculated in the analysis given above and may be representative of
the expected accuracy given no knowledge of wood type. Heskestad and
Delichatsios [3] report that an ionization detector will alarm in response to

a wood fire at OD = 0.016 1/m.

Using the OD/AT value for wood of 1.2 x 10~3(m°c)~! the corresponding
change in gas temperature would be 13°C, (0.016/1.2 x 1073). For the purpose
of response time calculation using the heat detector models, this ionization
smoke detector would be represented as a low temperature heat detector

alarming at 13°C above ambient for a wood fire.

14



Other measurements of the ratio OD/AT are obtained for burning materials

in a laboratory scale apparatus developed by Tewarson [7]. Values for a large

number of plastics and wood under many environmental conditions are given by

Tewarson [l12].

5. SUMMARY

Two methods have been presented to calculate the response of heat

detectors installed under large unobstructed ceilings in response to growing

fires. Smoke detector respomse is calculated using the same thermal calcula-

tions by approximating the smoke detector as a low temperature, zero lag time

thermal detector.
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8. NOTATION

g/(cp Ty pg )

specific heat capacity of ambient air

smoke mass concentration

effective Binary diffusion coefficient
acceleration of gravity

vertical distance from fuel to ceiling
light intensity

initial Light intensity

light beam length

smoke gas mass production rate per unit volume
optical density per unit length (see eq. 8)
fire energy release rate

energy release rate per unit volume.

radial distance from fire axis to the detector

response time index, the product of the detector thermal time
constant and the square root of the gas speed used in the test

to measure the time constant [9].
time

dimensionless time t/[A-lfSa_1/5H4/5]

dimensionless time for time delay for gas front travel.
ambient temperature

gas temperature at detector location

temperature of detector sensing elements

T - 'I'oo

dimensionless temperature difference aT/[AZ;S(Tf/g) o 2397375
gas speed at the detector location

dimensionless gas speed U/[A a H]US

17



local ratio of smoke mass to total mass in flow
proportionality constant for t?- fire growth = Q/tz

ambient air density

18
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APPENDIX A. DETACT-T2 CODE

A FORTRAN Program to Calculate Detector Response to tZ - Fires

This appendix describes the theory and use of a computer program which
determines the response of fixed temperature and rate of rise heat detectors
to fires with energy release rates described by the expression Q = atzo The
program is designed for use in evaluating detectors installed at known

spacings.

The activation time of a given detector is a function of fire growth
rate, ceiling height, detector spacing, detector activation temperature,
ambient temperature, and detector response time index (RTI). The program
prompts the user to provide this information. These input data are converted
to a dimensionless form for use in the calculations. Equations for the
activation time of a fixed temperature detector and a rate of rise detector
are set up. The two equations are then solved using a Newton—Raphson
technique. Once the activation times are known, the fire energy release rates
at those times are calculated. Finally, the results for each detector type

are printed as well as some appropriate input data.
In the following example, input prompts from the computer program are

printed in all capital letters while user responses are printed in lower case

(where possible) and proceeded by the character ">".

20



EXAMPLE

Calculate the activation times for fixed temperature and rate of rise
heat detectors installed, using a 3.05 meter spacing, in an area with a
ceiling height of 3.66 meters. The detectors have an RTI of 370.3 (m—

Sec)lfz. The detector activation temperature is 54.4°C, and the activation

rate of rise is 8.33°C/min. Ambient temperature is 21°C.

ENTER 1 FOR ENGLISH UNIT INPUT
2 FOR METRIC UNIT INPUT

>2
ENTER THE AMBIENT TEMPERATURE IN DEGREES C.
21
ENTER THE DETECTOR RESPONSE TIME INDEX (RTI) IN (M-SEC)**1/2.
>370.3
ENTER THE DETECTOR ACTIVATION TEMPERATURE IN DEGREES C.
>54.4
ENTER A DETECTOR RATE OF RISE IN DEGREES C/MIN.
>8.33
ENTER THE CEILING HEIGHT IN METERS.
>3.66
ENTER THE DETECTOR SPACING IN METERS.
>3.05
ENTER: S FOR SLOW FIRE GROWTH RATE

M FOR MEDIUM FIRE GROWTH RATE

F FOR FAST FIRE GROWTH RATE OR

0 FOR OTHER



RESULTS:

CEILING HEIGHT = 3.66 METERS ( 12.0 FEET)

DETECTOR SPACING = 3.05 METERS ( 10,0 FEET)
DETECTOR RTI = 370.3 (M-SEC)**1/2 ( 670.8 (FT-SEC)**]/2)

FIRE GROWTH CONSTANT = .11714+002 WATTS/SEC**%2)

(.1111-001 BTU/SEC**3)
FOR TEMPERATURE ACTUATED DETECTOR:
ACTIVATION TEMPERATURE = 54.4 DEG#EES C (129.9 DEGREES F)
TIME OF ACTIVATION = 297.88 SECS
HEAT RELEASE RATE = .1038+007 WATTS (.9840+003 BTU/SEC)
FOR RATE OF RISE ACTUATED DETECTOR:

ACTIVATION RATE OF RISE = 8,33 DEGREES C/MIN

(14.99 DEGREES F/MIN)
TIME OF ACTIVATION = 182.75 SECS

HEAT RELEASE RATE = ,3908+006 WATTS (.3704+003 BTU/SEC)

22



The results show that the heat detector would activate approximately 298

seconds after the fire reaches a flaming state. The heat release rate at this
time would be 1038 kilowatts. A rate of rise detector would activate at about

183 seconds with a corresponding heat release rate of 391 kilowatts.

If English units had been selected, the input requests would have called

for data in English units instead of metric units.

The program is written in ANSI 77 FORTRAN. A PC BASIC version is being

coded. Each is in a form which makes it easy to incorporate into existing

computer fire models as a subroutine.
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aaaass PROGRAM DETACT=T2 sanans

PROGRAM DETACT
AR A AR AR AR AA AN A AR B DA A SR AR AR A P AR AR I A A RN R R AR AR A2 AR ARIA R A AR AIN AP 42
DETACT-T72 CODE

A FORTRAN pROGRAM FOR CALCULATING DETECTOR RESPONSE
10 1TIME SQUARED FIRES.

ARAAAAAAR AR R RRAAA A A AN S A AA A AR AN R AR AR R AR g R A AAAD SRS A RAARAARAARARA S22 ARAD

ARARAAAARAANRAAAA AAAA AARARAAR AR AR R AAdatpdddRddtAaddeAadsddddAnndtdddddRdnS

2B uBalsRalslalzEaNsRalal

C THIS IS A PRQGRAM FOR CALCULATING ACTIVATION TIME AND HEAT

C RELEASE RATE FOR A GIVEN DETECICR. THE pROGRAm CALCULATES RESULTS
C FOR BOTH TEMPERATURE AND RATE OF RISE ACTUATED DETECIORS. THE

C PRGGRAM REGIURES DATA DFSCRIBING THE DETECTICR, ROOM, AND FIRE

C CHARACTERISTICS .

C

C PROGRAM WRITIEN BY Do We STROUP 1/4 /185
C FINAL REVISION 1/69785

C

[ EEEEREERELRELES] AAAR A AR AR AR t***!iiiti.Qli*’tiiii.tiii.***iiiii*iliiii*

]
]
1]
1}

> VERSION 1.0 (S======z==S=s====sSSS=S=S=SSS=SsSS==S===3=

bl
-
-
=
d
.

- UNITS CODE (1 OR 2)
1 - INFUT DATA IN ENGLISH UNITS
2 - INPUT DATA IN METRIC UNITS

TAMB - AMBIENT TEMPERATURE

R11 - DETECICR RESPONSE TIME INDEX

TACY - DETECTOR ACTIVATION TEMPERATIURE

ROR - DETECTCR ACTIVATION RATE OFf RISE

HF - CEILING HE TGH1

2 - DETECICR SPACING

L] - GROWTH FACTOR CODE, CHARACTER VARIABLE (S, M, fy OR 0)

ALPHA - FIRE GROWTH RATE FACIOR
IF M = 0Oy ALPHA SHKOULD CONTAIN THg GROWIH FACIORR 70 EF USED.
IF M <> O, ALPHA MAY Bg SEY 70 ZERC,

QUTPYT:

] - TIME OF ACTIVATION FOR A TEMPERATURE DETECTOR
QD - HEAT RELEASE RATE A1 TIME OF ACTIIVATION, 1

TR - 7IME QF ACTIVATION FOR RATE OF RISE DETECTOR
QDR - HEAT RELFASE RATE AV TIME OF ACTIVATION, TR
1ERR - ERROR CODE (0 GR 1)

0 - SUCCESSFUL
1T - UNSUCCESS FUL

I EEESESER SRR AR R R E R IR RRRNES R *it!!ii!!‘.g*.‘i.tiitﬁil*.t.i*‘i*.!*iQtilli

o aRaelelel=RulsRaleilalaBzRalsRakaNaNalaNaNaNaNa el o Nalls el

CHARACTER M

DATA IRTIY,IWT11Y/S,6/

DATA GEoCPE yRHOE /3242,Ce24,0.0735/
DATA GM,CPM,RFON¥/9.8,1.0035,1«176Ry
1ERR=0



AdAR

10
R

20

3e

13

4C

£

50

60

7C

80

e

9C

a2 PROGRAM DETACT=17 adtawna

WRITE (Iw11Y,10)
FORMAT € ENTER: 1 FOR ENGLISH UNIT INFUT/19,72 FQR METRIC UNIT I
NPUT?)
READ CIRTTY ,#) J
1F (J<EQ.1) THEN
WRITE (Iw11Y,20)
FORMAT C(° ENTER THE AMBIENT TEMPERATURE IN DEGREES Fo°)
READ CIRTTIY 42) TAMEB
WRITE (Iw11vY,30)
FORMAT (“ ENTER THE DETECYOR RESPONSE TIME INDEX ¢RTI) IN (FT-SEC)
2141/2.%)
READ (IRTTY ,*) R11
1f (RT11.LT.C.NO0C01TY RII=0.000001
RTIR=RT1
WRITE (1Ww1TY,40)
FORMAT (° ENTER THE DETECTOR ACTIVATION TEMFERATURE IN DEGRFES F.~
)
READ C(IRTTIY ,#) TACT
WRITE (Iw11Y,50)
FORMAT (° EMER A DEVTECTOR RATE OF RISE IN DEGREES F/MIN.,”)
READ CIRT1Y ,%) ROR
WRITE (Iw11Y,60)
FORMAT (“ ENVER THE CEILING HEIGHT 1IN FEET.”)
READ (IRTTY ,2) HF
WRITE (Iw11Y,70)
FORMAT (° ENTER THE DETECTOR SPACING IN FEET.”)
READ CIRTTY *) ZF
WRITE (IWTTY,80)
FORMAT € ENTER:= S FOR SLOW FIRE GROWTH RATE“/
o M FOR MEDIUM FIRE GROWTH RATE“/
’ F FOR FASYT FIRE GROWTH RATE OR‘/
- 0 FOR OTHER “)
READ (IRTTIY ,410) M
1F ((MeEGa“" 5 )eOR.(M.EG."S")) ALPHA=0.0C277778
IF ((M.EQe”m ) eORelMEGa"M?)) ALPHA=0.0117111
1F ((H.EQ.‘{‘).OR.‘H.EQ.‘F’}) “LPH‘=O-D‘4“‘S
1F (MJNE.“0°) 60 1C 100
WRITE (Iw11Y,9G)
FORMAT (° ENTER THE FIRE GROWTH RATE CONSTANT (ALPHA) IN BTIU/SEC/S

£EC/SEC,”)

100

110

120

READ C(IRTTY ,%) ALPEA

CONTINUE

ELSE

WRITE (IWT1Y,110)

FORNAT (“ ENTER THE AMBIENT TEMPERATURE IN DEGREES C.”)

READ C(IRTTY ,*) TAME

WRITE (Iw11Y,120)

FORMAT (° ENTER THE DEIFCTIOR RESPONSE TIME INDEX (RVI) IN (M-SEgC)s

£41/2.7)

13C

READ (IRITY ,*) RI1I

If (R71.L1.C0.0G0001) R11=0.0000C01

ARTIR=R1I

WRITE (IwIT1Y,130)

FORMAT (“ ENTER THE DEIFCIOR ACTIVATION TEMPERATURE IN MEGRFES (.

-

£)

140

READ (IRTTY ,*) TACT
WRITE (IwT1Y,14C)
FORMAT (“ ENTFR A DEVECTOR RATE OF PISE IN DEGRFES CIMINGT)

25



sdasaas pROGRAM DETACT=12 *anans

READ (IRTTY ,2) ROR
WRITE CIWT1Y_ 150C)
150 FORMAT (“ ENTER THE CEILING HEIGHT IN MEIERS.”)
READ CIRTTY y2) HF
WRITE (IW11Y,160)
160 FORPAT (° ENTER THE DETECTOR SPACING IN METERS.”)
READ (IRTTY 42) ZF
WRITE C(IWTTY,E0)
READ (IRTTY ,410) ™
IF ((MFGa”"S")eORe(MEQa“S )) ALPHA=2.973C55555¢
IF ((M.EC" P ) OR(MFQ.“P”)) ALPHA=11,72222222
IF ((MEG." T ).OR(M.EQ.“F“)) ALPHA=46.B8REBBS
1F (MJNEL“0°) GO TC 18(
WRITE (I4T11Y,170)
170 FORMAT (° ENTER THE FIRE GROWTH RATE CONSTANT (ALPHA) IN WATT/SEC/
2SEC.”)
READ (IRTTY ,») ALPHA
180 CONTINUE
END IF
C .
(SEEEEEEEREEELERLRSRLE R DR L CAL(ULIYIONS AANARAANAARARAAARAIAARAARAAARND
C
R=(«S*SQRI(Z.IZF
ROH=R/HF
ROR=KOR/60.
IF (J.EQ.1) THEN
TAMB=TAME+4 60,
TACTI=TACT144 €60,
A=GE/(CPE*TAMBaRHOE)
G=GE
ELSE
TAKB=T1AMB+273.
TACT=TACTI+273 .
A=G*/ (CPK»1 AMB*RHOM*10C(0.)
G=GM
END I1F
10152=‘.‘('1.,50,"LPH‘*'{"1-,St)‘ﬂf“("l,SQ,
DLIODL=A#2C2./5)*(TAMB/G)a ALPHA®% (2,/53*HFa2(=3,/5.)
UOU52=“.l(1 .’5.)‘“1.P“““1. ’5-)‘“"“11’5.)
DELTID=TACT-TAMB
I1fF (ROHeGTeTe3) THEN
UODLTH=0,59 *ROH 2 a(-0,63)
ELSE
UCLLTH=3.87 /(% 115%20,.5)
ENDIF
152’-'0.95“ (1-"?0")
A2=(64o/3.)*20L10DLAUOUS 202(-0,5)*UODLTIH22(=-0,5)*R11/
£ (101522(0.188+40.3132R0K))
C=1.040ELTD /A2
CALL NWIN (C,Y, IERR,IVWITY)
1F (IERR.EQ.1) GO 710 380
DELTS2=Chof 22 U0US222(~0eS5)*UCDLTH (=T, S)*RT LY/
13 (1071524 (0.185640.,313+R0H))
15;:0,9541!1.¢R0H)¢tu.18&40.313-R0H)*DELISE“(E.IG.)
1S2=7182+41S52F
1=1S2ah%2(=9,/5, )2 ALPHA2a(=1,/S5  )aHF2a(4,/5,.)
QD =ALPHA *»Ta 2}
IF (RTIRLLE ,2.0) RTIR=Z.U
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adadka PROGRAM DETACT=T127 nanina

D1=Cbe/Ta)* LLTODL/ (107S2%(0 18840, 3132RCK))
D2=(3e/4)2U0US 244 C 52 UODLTH*40,5% (1. /RTIRI*TOTS2
£ 2 (0e188+Ce3134ROH)

CALL BISECT (D1 4D2,RUR ,DELTS2,IERR,,TWTITY)

If (IERR.EG.1) GO 10 38N

TS2R=0.9542 {1 _ +RCH)I+(0 . 1EE+0.F31TI2RUHIADFLTISZ#n (T./4.)
TS¢R=TS2R+TSCF

TR=TS2R2A*% (=1, /5, Y2ALPHAR: (=7, /5, )2HF*2 (4, /5,)
GDR=ALPHA*T PaaQ

C sad24m PRINT OUT RESULTS * #9404 0048 dnadd ddA 4 adnaadddadddddadadidniadg

RCR=ROR* ¢,
WRITE (TWTI1Y,150)
19¢C FORMAT (1 RFSULTS:=®)
IF (J,EQ.T) THEN
HF c=HF*0 4 30 4&
IFc=2F*0a70040
WRITE (Iw11Y,200) HF,HEZ 42F 42F ¢
<00 FOR*AT (°0 CEILING KEIGHT
¥ 1€, “DETECTOR SPACING
RTI;=RIT»(0 .3048an(0,5)
WRITE (IWT1Y,21C) RTIIZRTIZ
c1C FORYAT (°C DETECTOR RII = “,F6el,” (FI=SECIa21/2 (7, ,F6,1,7 (¥-S
CECIan1/2)7)
ALFHA2=ALPHR*10 "5,
WRITE (IwT11Y,22C) ALPHALALPHA?
220 FORVAT (°0 FIRE GROWTH CONSTANT = “,F12.4,° RIU/(SEC*23) "/
& < (“gF12.4y”7 WATIS/SEC22)7)
WRITE (TwITY,400)
READ CIPTTY ,410) ™
WRITE C(IwiIlY 23°7)
230 FORYAT (/°0 FOR TEMPERATURE ACTUATED DETFCTIOR:")
TACT=TACT=4Ft U
TAC1E=(Sa /G ) »(TACT-32.)
WRITE (Iwl1vY,240) TACT,TACT?
24U FOR"AT (“°17 ACTIVATION TEMPERATURF = “,F6e1,” DEGPEES F (“,56.1,
£ DEGRELS €) )
WRITE (Iwl11Y,257) 1
250 FCR™AT (“C TIME 10 ACTIVATIGON = “,F&Eecdye” SECONDS?)
GDZ=GD*T1{55.
WRITE (Iw11Y,260) an,ac?
260 FORMAT (°C HEAT PELEASE RATE = “,612.44° BTU/ISECT/
¢ - ’ (“ JE12.4,° WATTIS) )
WRITE (1wl1VY,40F)
RFAD C(IRTTy,410) W™
WRITE (IwT11Y,270)
270 FOK“YAT (7“7 FOR RPIF OF RISE ACTUATED DFTECTOR:")
RCK =ROR*(5./%.)
WRITE (IwW11Y,250) ROR,ROR?2
¢S0 FORY¥AT (°C ACTIVAIION RATE CF RISE = “,F€a7,”° DEGREES F/¥[n (7,
5. Fle2,° DEGREES C/™IN)?)
WRITE (Iwl11Y,750) 1R
GDRZ=QDR21(U S
WRITE (JWwlT1Y,267) GUPRyuDR2
WRITE (IwT1Y,4C0)
READ C(IPTTY ,&41C) ™
ELSE

“FEel s’ FEEYT (“4§6424° METERS)”/
2 F6a2 4" FFET (“4F6e2y” METERS)T)



aaadss FROGPAM DETACY=77 Annana

300

32¢C

33¢C

50

360

374

380

380
4CQ
410

o

[£5]

P

HE =HF*»(1./70.3048)
IFC=2F*01./0,T04E)
WRITE CIWYTY,3C0) HF,HFZ 42F ,2F2
FGR™AT (°C CFILING HEIGH1T
T€¢,“DETECTIOR SPACING
RYIIZ=RIT*((1./0.304%)*20,.5)
WPITE (IwITY,32GC) RTYI,RTIZ2
FORMAT (°C DETECTOR RTIT = “,F6els” (NM=SECIA2T42 (“ Fha1,” (FT1-§

“oFtel s MEVERS (“,F€.2,° FEE1)"/
“oF6e2 ¢ METERS (“,F6,.2,° FEE1Y")

ECIan1/2)7)

ALFHA2=ALPHA*(1 ./1(055.)

WRITE (IWTITY,227) ALPHA,ALPHA2

FOR®AT (“0 FIRE GROWlH CONSTANY = “,F12.4,° WATTIS/USECe2?2)°/

o (“9E12.44° BIUJSEC*23) %)

WwRITE (lwT1Y,400)

READ (IRTTY ,41C) ®

WRITE (IlwllY _230)

TACT=TACT1=-273.,

TACT2=(S./5.)*TACT 432,

WRITE CIwWT11Y,340) TACT,TACT?

FORMAT (“C ACTIVATION TEMFERATURE = “,FE.1,” DFGREES € (“,F6.1,
“ DEGREES F)*)

WRITE (IwTTY,350) 1

FORMAT (0 TIME TO ACTIVATION = “,Fbely” SECONDS”)

D2=aDs{1./1055.)

WRITE (IwT11Y,3&0) @D,002

FORYAT ¢“0 HEAT PELEASE RATE = “,E12.4,° WATIS?/

WRITE (Iwl1Y,400)

(“y€12.4y” BTU/ISECY?)

READ (IRT1y.410) M

WHITE (IwT1Y,27C)

RORZ=ROR* (9 ./5.)

WRITE (Iwl1Y,37C) RCR,ROKZ

FORMAT (°0C ACTIVATION RATE OF RISE = “,F6e2y”° DEGRFES C/™IN (7,
' Ftely” DEGREES F/MIN)?)

WRITE (IWTT1Y,35Mn) 1R

CDK7=QDP2(1./1055.)

WRITE (IwT1Y,360) GDR,GOR2

WPITE (IW11Y,4C0)

READ (IR11Y ,410) M

END IF

STOP “FRUGRAM CCMPLFIED”

CONTINUE

WRITE (IwTTY,290)

FORMAT (° aaase 24> FRROR IN DFTACT ROUTINE <onasnea”)

FORMAT (//° <PETURAND T0 CONTINUE®)

FORMAT (A1)

SICP “PROGRAM ABORTFD”

END



*aaaad SURBROUTIME NWIN AR EAa

SUEROUTINE NWIN (C,P,T1ERR,INTTY)
AR AR A A AR A DA AR A AR DR A AR A A A S AR AN A AR AR DA R A A A D AR AR A AR AR R AT AR A AR AR
NEWTON-RAPHSON SUBROUT INE

THIS SySROUTINE IS USED 10 EVALUATE THE TIME EXPRESSION FOR THE
FIXED TEMPERATURE DETECTOR.

AAAARAAAAAAARAAA A AR A A AN R AL AN AR A AL A AR QA A PR R A AR A RS R A AR A D AR ARSI N AR A

N e N e N e el e N e W a e

PC=0.1
1CL=0,00001
NC=1000
1=1
IERR=0
10 CONTINUE
IF (L LELNO) THEN
IF (PO.61.574) THEN
Xx={.0
ELSE
X=EXP(=-P0)
END IF
Fx=pQ0+X-C
FPMX=1.0-X
IF (FPPX LT ..0.CCO00C0Q1Y GO TO 3C
F=PO=(EX/EPNFX)
IF (ABSCF=PN) LY, TOL) THEN
1ERR=0
RETURN
ELSFE
I=1+1
PO=P
END IF
60 10 1C
ENU IF
IERPR=1
WRITE (Iw11Y,20) 1
20 FORMAT (° NEWION-RAPHSON FATLED AFTER KO TTFRATICNg, NC = “,I4)
RETURN
30 WRITE (Iw11V,40)
40 FORMAT (° SLOPE OF FGUATION 100 CLOSE TC ZERO FCR °/
5 ‘ NEWT ON-R APHSON METHOD. /
K ¢ EKRUP RETURN)
IFRP=1
RETURN
LN
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aadsdd SUBROUTINE RISECT d4dana

SUGROUTINE RISECT (P14D2 yRORGPLIERR,,IWITY)
cci ttAdtRdddddAtnAtdAdAd RAdAdandd AdddRdddddRdAdAdddddnndddRdadane L AR ERTITERR]
C
C BISECTION SUBRQUTINE
C
C THIS SUSROUTIME EVALUATFS THE TIME EXPRESSION FOR THE RATE NF
C RISF DETECIOR USING A BISECTION METHOD .
C
Ci AARE A AR AAANAA A AR AR AR R AN ARAE AR AAR I E R R R FT R R E R AR R R E RS R E R R R R R E ER R R EREEER R K
o

IERR=C

10L=0.C0C01

NC=1000

A=0.0

B=1CG0 «C
10 CONTINUE

IF ((DZ*B)aCGT1.50.) THEN

A=U <0

ELSE

X=EXP(-Dc*R)

ENUTE

FXO=D12R %2 (ZS=DT12E*a (2524 X-ROR

IF (FXBello(el) THEN

A=B

H=b+500.

GO 104 19

ENDIF

I=1
20 CONVINUE

IF (J.LECNG) THEN

=A+(B=-A)/2.(

If ((D2*FP).C1.50.) THEN

X=U U

ELSE

X=EXP(-D.2p)

ENDTF

FX=D12Paa(y I5-DTRPas3(j,252X~=ROP

IF CCUFY aGT ,=RLMT) JAND o FUXLLTLRLMT)) JORCHUIR=A)/24)elTTOL)) THEN

TIERR=0

RETUKN

ELSE

1=1+1

IF ((DZ2#A)oCT1a5C.) THEN

x=0.0

ELSE

X=SEXP (=D .*pA)

ENCIF

FXA=D12A a0 ,25=D1a A% (0,254 x-ROR

IF CCFXA2FX ) oGl aCel) THEN

A=F

ELSE

fi=Fp

EMDIF

ENDIF

¢cc 109 0

30



ic

asssss SUDROUTINE EJSECT #ansess

ENDTF

IERR=1

WRITE (IwWTITY,3G) 1

FORMAT (° BISECT ROUVINE FAILED AFTER NT TTFRATIONS, NU
RETURN

END

31
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APPENDIX B - DETACT-QS CODE

PC BASIC Program to Calculate
Detector Response to Fire with Arbitrary

Energy Release Rate Histories

1) Example Calculation

2) Program Listing
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DETACT-QS Code Sample Calculation

DETACT-QS VERSION 1.1 WRITTEN BY D.D. EVANS 1985
CONTRIBUTION OF THE NATIONAL BUREAU OF STANDARDS (U.S.).
NOT SUBJECT TO COPYRIGHT.

QUASI-STEADY FIRE CALCULATION OF DETECTOR ACTUATION TIME
BELOW AN UNCONFINED CEILING BASED ON ALPERT’S EQUATIONS
AS PUBLISHED IN FIRE TECHNOLOGY AUGUST 1972.

USER SUPPLIED INPUT

HEIGHT OF CEILING ABOVE FUEL (METERS) ? 3.6576
DISTANCE OF DETECTOR FROM AXIS OF FIRE (METERS) ? 2.155
INITIAL ROOM TEMPERATURE (CELSIUS) 7 21.111
DETECTOR ACTUATION TEMPERATURE (CELSIUS)

(140 F = 60 C 160 F = 71 C 165 F = 74 C) ? S54.444
DETECTOR RESPONSE TIME INDEX (RTI) (m*s)~(1/2) 7 370.34

NEXT A DESCRIPTION OF THE FIRE HEAT RELEASE RATE AS A
AS A FUNCTION OF TIME MUST BE CONSTRUCTED. THIS WILL BE
DONE BY THE USER ENTERING KEY HEAT RELEASE RATES ALONG
THE DESIRED FIRE CURVE. FOR THE USERS INFORMATION THE
MINIMUM HEAT RELEASE RATE NECESSARY TO ACTUATE THE
DETECTOR AT THE LOCATION GIVEN IS 232 kW.

ENTER KEY HEAT RELEASE RATES THAT DETERMINE THE SHAPE OF THE
DESIRED FIRE DEVELOPMENT CURVE. USUALLY THE FIRST DATA

PAIR WILL BE ¢« TIME O HEAT RELEASE O ). UP TO 100

PAIRS CAN BE ENTERED. TO STOP ENTERING DATA ENTER ANY
NEGATIVE TIME VALUE. THE PROGRAM WILL GENERATE HEAT

RELEASE RATE VALUES BETWEEN THE VALUES ENTERED AS NEEDED
BASED ON A STRAIGHT LINE INTERPOLATION BETWEEN POINTS AT
ONE SECOND INTERVALS

1 .. TIME (SEC) ? 0

HEAT RELEASE (kW)? O

2 .. TIME (SEC) ? S

HEAT RELEASE (kW)? 0.2928
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10

11

12

13

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

T 10

(kW)? 1.1711

? 15

(kW)? 2.635

(kW)>? 4.684

(kW)>? 7.319

? 30

(kW>? 10.539

? 35

(kW)? 14.345

? 40

(kW)? 18.737

? 45

(kW) ? 23.71

? S50

(kW)? 29.28

? 5SS

(kW)? 35.42

? 860

(kW)? 42.16
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14

15

16

17

18

19

20

21

22

23

24

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEQ)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

? 65

(kW)? 49.48

? 70

(kW)? 57.38

? 75

(kW)>? 65.87

? 80

(kW)? 74.95

? 85

(kW)? 84.61

7 30

(kW)>? 94.86

? 95

(kW)>? 105.69

? 100

(kW)>? 117.11

? 105

(kW)>? 129.11

? 110

(kW)? 141.70

? 115

(kW)>? 154.87



25

26

27

28

29

30

31

32

33

34

35

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

? 120

(kW)? 168.63

? 125

(kW)? 182.98

? 130

(kW)? 197.91

? 135S

(kW)? 213.4

7 140

(kW)? 229.5

? 145

(kW)? 246.2

? 150

(kW)? 263.5

? 155

(kW)? 281.3

7 160

(kW)? 299.8

? 165

(kW)? 318.8

? 170

(kW)? 338.4
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36

37

38

39

40

41

42

43

44

45

46

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

? 175

(kW)? 358.6

? 180

(kW)? 379.4

? 185

(kW)? 400.8

? 190

(kW>? 422.7

? 1SS

(kW)? 445.3

? 200

(kW)? 468.4

? 205

(kW)? 492.1

7 210

(kW)? S16.4

? 215

(kW)? 541.3

? 220

(kW)? 356.8

? 225

(kW)? 592.8
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47

48

49

S0

S1

S2

S3

S4

35

56

37

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

? 230

(kW)? 619.5

? 23S

(kW)? 646.7

7 240

(kW)>? 674.3

? 245

(kW)? 702.9

? 250

(kW)? 731.9

? 255

(kW)? 761.5

? 260

(kW)? 791.6

? 265

(kW)? 822.4

? 270

(kW)? 835.7

? 275

(kW)? 885.6

? 280

(kW)? 918.1
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S8

39

60

el

62

63

64

65

66

67

68

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

TIME (SEC)

HEAT RELEASE

7 285

(kW)? 951.2

? 290

(kW)? 984.9

? 295

(kW)? 1019.1

? 300

(kW) ? 1053.9

? 305

(kW)? 1089.4

? 310

(kW)? 1125.4

? 315

(kW)? 1162.0

? 320

(kWw)? 1199.2

? 325

(kW)>? 1236.9

? 330

(kW)? 1275.3

? 335

(kW)? 1314.2
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&9 .. TIME (SEC) 7 340

HEAT RELEASE (kW)? 1353.7

70 .. TIME (SEC) ? 345

HEAT RELEASE (kW)? 1393.8

71 .. TIME (SEC) ? 350

HEAT RELEASE (kW)? 1434.35

72 .. TIME (SEC) ? 355

HEAT RELEASE (kW)? 1473.8

73 .. TIME (SEC) ? 360

HEAT RELEASE (kW)? 1517.7

74 .. TIME (SEC) ?7 -1
SEND OUTPUT TO PRINTER (Y OR N) ? N

CEILING HEIGHT= 3.6576 RADIUS= 2.155 DET ACT TEMP= 54.444 RTI= 370.34

TIME FIRE GAS TEMP DET TEMP
sac kW C C
0.0 0.0 21.1 21.1

10.0 1.2 22.0 21.1

20.0 4.7 23.4 21.1

30.0 10.5 25.2 21.2

40.0 18.7 27.1 21.3

50.0 29.3 29.3 21.4

60.0 42.2 31.6 21.6

70.0 57.4 34.0 21.9

80.0 75.0 36.5 22.2

90.0 94.9 39.2 22.6

100.0 117.1 41.9 23.1
110.0 141.7 44.8 23.6
120.0 168.6 47 .7 24.2
130.0 197.9 S0.8 24.9
140.0 229.5 53.8 25.7
150.0 263.5 57.0 26.6
160.0 299.8 60.3 27.6
170.0 338.4 63.6 28.7
180.0 379.4 67.0 29.8
190.0 422.7 70.4 31.1
200.0 468.4 73.9 32.4
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210.0 S516.4 77.5 33.9

220.0 556.8 80.6 35.4
230.0 619.5 84.8 37.1
240.0 674.5 88.5 38.8
250.0 731.9 92.3 40.6
260.0 791.6 96.2 42.6
270.0 835.7 99.2 44 .6
280.0 918.1 104.0 46.7
290.0 984.9 108.0 48.9
300.0 1053.9 112.0 51.2
310.0 1125.4 116.1 S53.6

#»xss DETECTOR ACTUATION AT 313.4 SECONDS wuns
TYPE A CARRIAGE RETURN TO CONTINUE?

ANALYZE SAME FIRE WITH DIFFERENT DETECTOR (Y OR N) ? N



10

20

0

40

S0

60

70

80

30

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
S00
510
520
S30
540
5350

DIM 3¢
K=10
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
PRINT
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

DETACT-QS Code Listing

101)>,Q¢101)

"DETACT-Q5 VERSION 1.1 WRITTEN BY D.D. EVANS 1985"
“CONTRIBUTION OF THE NATIONAL BUREAU OF STANDARDS (U.S.)."
“NOT SUBJECT TO COPYRIGHT."

“QUASI-STEADY FIRE CALCULATION OF DETECTOR ACTUATION TIME"
“BELOW AN UNCONFINED CEILING BASED ON ALPERT’S EQUATIONS™
“AS PUBLISHED IN FIRE TECHNOLOGY AUGUST 1972."

" USER SUPPLIED INPUT"

“"HEIGHT OF CEILING ABOVE FUEL (METERS) s
H

“DISTANCE OF DETECTOR FROM AXIS OF FIRE (METERS) "3
R

“INITIAL ROOM TEMPERATURE (CELSIUS) 3
Tl

“DETECTOR ACTUATION TEMPERATURE (CELSIUS)"

(140 F = 60 C 160 F = 71 C 165 F = 74 C) s
T3

“DETECTOR RESPONSE TIME INDEX (RTI) (meg)~(1/2) s
L

“NEXT A DESCRIPTION OF THE FIRE HEAT RELEASE RATE AS A"
“AS A FUNCTION OF TIME MUST BE CONSTRUCTED. THIS WILL BE"
“DONE BY THE USER ENTERING KEY HEAT RELEASE RATES ALOCONG"
“THE DESIRED FIRE CURVE. FOR THE USERS INFORMATION THE"
“MINIMUM HEAT RELEASE RATE NECESSARY TO ACTUATE THE"
“DETECTOR AT THE LOCATION GIVEN IS";

X=((T9-T1)*H/S.38»R~(2/3))*(3/2)
IF R/H>.18 THEN 390
X=((T9-T1)=H"(S5/3)716.9)°(3/2)

X=X+.
X=INT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
N=1

S

X))
X;
(1] kw-ll

“ENTER KEY HEAT RELEASE RATES THAT DETERMINE THE SHAPE OF
“DESIRED FIRE DEVELOPMENT CURVE. USUALLY THE FIRST DATA™
“PAIR WILL BE ¢ TIME O HEAT RELEASE 0 ). UP TO 100"
“PAIRS CAN BE ENTERED. TO STOP ENTERING DATA ENTER ANY"
“"NEGATIVE TIME VALUE. THE PROGRAM WILL GENERATE HEAT"

“RELEASE RATE VALUES BETWEEN THE VALUES ENTERED AS NEEDED"
“BASED ON A STRAIGHT LINE INTERPOLATION BETWEEN POINTS AT"

"ONE SECOND INTERVALS"
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360
570
580
520
600
610
620
630
640
650
660
&70
680
6390
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
8350
860
870
880
890
300
910
320
930
940
350
360
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

FOR I=
S(I)=1
Q(I)=0
NEXT I
PRINT
PRINT
INPUT
IF S(N
PRINT
PRINT
INPUT
PRINT
N=N+1
PRINT
GOTO 6
S(N)=3
PR=0
PRINT
PRINT
INPUT
IF As=
PRINT
PRINT
PRINT
PRINT
PRINT

1L TO 101
.701412E+38

N:

RN TIME (SEC) e
SC(ND

»)<0O THEN 710

" HEAT RELEASE (kW)'":
Q(ND

(o]8]
(N-1)~+1

"SEND QUTPUT TO PRINTER (Y OR N> *;
AS
"y* QR As="y'" THEN PR=1

“"CEILING HEIGHT=*:H:'" RADIUS=":R;:;'" DET ACT TEMP=";T9;"
" TIME FIRE GAS TEMP DET TEMP"
. sec kW C c*

IF PR=0 THEN S20

LPRINT "DETACT-QS VERSION 1.1"

LPRINT " *

LPRINT "CEILING HEIGHT=";H:" m"

LPRINT *“DETECTOR DISTANCE FROM AXIS OF FIRE=";R;" m"
LPRINT “DETECTOR ACTUTATION TEMP=";T9;" C"

LPRINT "RTI=";L;" (m=s)~(1l/2)"

LPRINT " *

LPRINT * TIME FIRE GAS TEMP DET TEMP"
LPRINT " aec kW C c"
I=N-1
P=K

N=0

T4=T1

TS=T1

Te&=T1

J=1

IF N<S(J+1) THEN 1020

J=J+1

GOTO 990
0=(N-S(J))/(S(IJ+1)-S(I)H)»@J+1)-QACI»)+Q(I)
T4=TS

Se=Te

T6=16.9»0~(2/3)/H~(S5/3)+T1

IF R/H<=.18 THEN 1080

Te=5.38»(0/R)>~(2/3)/H+T1

V6=,95=(0/H) "~ (1/3)

IF R/H<=.15 THEN 1110
VE=,2#0"(1/3)=H"~(1/2)/R"(5/6)
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iiiao
1120
1130
1140
1150
1160
1170
1180
11390
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1S5S0
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650

IF VE>.1 THEN 1130

ve=.1

L1=L/V6°.5

B=T6-56

TS=T4+(S6-T4)» (1-EXP(-1/L1))+B#L1»(EXP(-1/L1)+1/L1-1)
IF P<K THEN 1200

PRINT USING “##W#####.#";N,0,S6,T4

IF PR=1 THEN LPRINT USING "########.#";N,0,56,T4
P=0

N=N+1

P=p+1

IF TS<T9 THEN 990

GOSUB 1680

PRINT ™ *

PRINT " #ems DETECTOR ACTUATION AT";

PRINT USING “#mm###.#" E;

PRINT " SECONDS mman"

PRINT * *

IF PR=0 THEN 1350

LPRINT * *

LPRINT * =e2e DETECTOR ACTUATION AT";

LPRINT USING "####%#.#"E;

LPRINT ' SECONDS »ana=‘

LPRINT * *

PRINT "TYPE A CARRIAGE RETURN TO CONTINUE";
INPUT AsS

PRINT * *

PRINT "ANALYZE SAME FIRE WITH DIFFERENT DETECTOR (Y OR
INPUT As

IF As="Y" OR As="y" THEN 1420

END

PRINT '"CHANGE RTI VALUE (Y OR N> ";

INPUT AS

IF AS<>"Y" AND AsS<>"y" THEN 1470

PRINT “NEW VALUE = *“;

INPUT L

PRINT "CHANGE ACTUATION TEMPERATURE (Y OR N) ";
INPUT AS -

IF AS<>"Y'" AND AS<>"y" THEN 1520

PRINT “NEW VALUE = ";

INPUT T9

PRINT *“CHANGE FUEL TO CEILING HEIGHT (Y OR N)
INPUT AS

IF AS<>"Y"™ AND AsS<>"y" THEN 1570

PRINT "“NEW VALUE= *;

INPUT H

ND

PRINT *“CHANGE RADIUS OF DETECTOR FROM FIRE AXIS (Y OR N)

INPUT AS
IF AS<>“Y" AND AS<>"y" THEN 1620

PRINT “NEW VALUE= ";

INPUT R

PRINT "CHANGE PRINTOUT INTERVAL (Y OR N) *;
INPUT AS

IF AS<>"Y" AND AS<>"y" THEN 1670

PRINT "NEW VALUE = *;
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1660 INPUT K

1670 GOTO 770

1680 E=N-1+(T9S-T4)/(T5-T4)
1690 E=E»100+.5

1700 E=INT(E)

1710 E=E/100

1720 RETURN





