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A STUDY OF THE OPERATION OF "RATE OF RISE"
HEAT-SENSITIVE FIRE DETECTORS

by
R.W. Pickard

1. Introduction

Heat sensitive detectors fall generally into two classes, There are
the fixed~temperature detectors, which operate when the temperature of
the sensitive element reaches a chosen velue, end also the *rate~of-rise"
detectors, which operate if the rate of increase in température of the

.surrounding alr exceeds a chosen minimum value, for rates.of rise below

the minimum, such detectors are gemerally desigled to operate when the
temperature of the sensitive element reaches a glven maximum,

The purpose of this note is to exsmine how the operating time of a
"rate-of-rise" detector, the sensitive element of which consists of a peir
of bimetallic strips, varies with the rate of rise of air temperature to
which it is subjected,

2, Prinoiple of operaticn
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FIG.1., Arrengement of "rate-of-rise" detector

The operation of the detector ia cemtrolled by the deflectiom of two
bimetallic strips A and B (Fig,l.) A°' and B' are contacts associated with
the atrips A and B and initially spaced at a distance § . € is a stop
which limits the deflection of both strips and is initially spaced at
from the contact A', It is assumed that both strips are subjected to the
same conditions of alr temperature and velocity. The alarm will operate
when A' and B' make contact, -

Strip A is much thimner than strip B, and with a high rate of rise of
alr temperature, its deflection will be greater then that of B, so that the -
contacts will close after a short period of heating, With low rates of
rise of air temperature, the difference in the temperatures of the two
strips will be small and the spacing between the contacts will decrease anly,
very slowly, Operation will cccur under these conditions only when the
movenent of the comtact B' has been limited by the stop C. The cantacts will



then close when the temperature rise of the stnp A has resulted in a
deflection A, S . : .

3, Theoretical analysis

If the thickness of the strips A and B is small compared with their
length, and if they are made of the same materials, it may be assumed that
the deflection of each for a given temperature rise is the same and
proportional to the temperature rise, Operation will occur for rates of
rise of air temperature above the minimum if

R (BA - 8) = cescscersereenses (1)

-where eﬂ and 95 are the temperature rise of strips A end B respeu‘b-
ively end R is the deflectiom of each strip per unit temperature
rise, . C

It has been shown(1l) that the temperaturs rise © |, of an element
at any time £, subject to a comstant velood.ty air flow with a linearly
rising température of 0< ©C second is given by
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where H is the convective heat transfer coefficient to the element
C is the thermal capacity of the element
and. A is its area,

'.="0/ HA 5o themfom a measure of the speed of response of the element,

Writing its value as.Ta and Tg for the strips A and B respectively, we
have
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The cpemting condition is them

o( {Te. (l r) Ta (' /m) -0 conessensessnsnns (5)

whei% ‘é‘ the tempera.ture rigse of either sirip to produce
. L a deflectiemn ¢
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Expressions for the operating time of the detector may be derived from
Equation (5) for a limited range of conditions,

(a) Very rapid rates of rise of temperature

Experiments have shown(2) that for rates of rise of air temperature above
about 3009C per mimute the value of ¢/TA -will be less then 0,65 for most
deteotors and Bquation (5) cen be approxinated to give the operating time,
within an accurecy of 10 per cent, as
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This gives the temperature rise of the more sensitive strip on ‘opemting as
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(b) Medium rates-of rise of temperature

With ;'a.tea of rise of air temperature up t? Slbout 30° per minute the
value of &/7A will exceed 2,5 for most detectors{2?), and Equatiom (5), then
gives the operating time to with.in an accurecy of 10 per cent as
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Thig gives the temperature rise <ka the more sensitive sirip on operating as
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(c) Rates of rise of temperature below the minimum

In this renge the detector behaves as a "fixed-temperature"” gp
opem'ting ‘an"a temperature rise of the more sazss.tive strip of C where
e, = » The operating time 1s glven by
R’ |
E = Ge 4+ Ta : '
oL

cesssserssonse (10)

4. Desipn and performance of a delector

To predict the operating time of a detector from the expressions derived
:’Lrgthe previous section; it is necessary to consider typical values of
and Tg which depend on the performance requirements of the
d.eter'tor. :

For example, it may be required that a detector shall operate cn a
temperature rise of the more sensitive strip of 50°C at all rates of rise of
temperature less then 0,1°C per second. Then, if the value of TA: is
20 seconds, the operating time of the detector at this rate of rise of
tempera‘bure will be 520 sec%ds (Equation 10), If the initial gap between
the contaots is such that = 109C, then the two contacts will close .
simultaneously on the satop if the tempemt.ure rise of the less sensitive strip
is 40°C in this time, Equatiom (4) gives the value of T8, which satisfies
this condition as Ta = 120 seconds.

Fig.2 shows how the operating time of this detector varies over a range
of rates of rise of temperature between 0,1 and O.7°C per second, which
could occur during the development of a fire(l). For comparisan, the
operating time is elso shown for a "fixed-temperature" detector, the element
of which has the same response time as that of the more sensitive element
in the "rate-of-rise" ‘detector, snd operates on a temperature rise of 50°C,

FPige.3. shows the variation inioperating temperature rise .of the
detector, with rate of rise of temperature, For values up to 0,1°C per
second, it remains canstant at 500C, Above this, the operating temperature
rise decreaseﬂ and reaches a canstant value of 129C at very ropid rates of
rise of air temperature (Equaticn 7),



5. Conclusicns

Expreasions have been derived for the operating time of a "rate~of-rise"
detector whose sensitive elements consist of two bimetalllic strips, The
operating temperature rise of the more sensitive strip has also been derived,
The results have shown that:

(1) Above the minimum rate of rise of temperature, the operating
temperature rise of the detector decreases as the rate of rise
of air temperature is increased,

(2) At very rapid rates of rise.of air temperature, the operating
temperature rise reduces to a camstant velue which 1s dependent
an the relative response times of the two strips ‘and the
initial gap between the cantagsts,

(3) The operating time of a comparsble fixed-temperature detector is
: larger at rates of rise of air temperature above the minimum,

Although the results obtained in this note have been derived for that
type of rate-of-rise detector consisting of a pair of bimetellic strips,
they can be applied to any type which depends for operation on some physical
property which varies linearly with temperature, such as resistance or length,
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