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A series of Tull-scale experiments to investigate the interaction of venis and sprinklers were carried oul in the
purpese built mulifunctional fire test building in Gheni

These experiments involved sieady state and growing fires with a variety of conditions of venting and
epfinklers.

A vast amount of daca has been collected and this now has to be analyr2d in great detail,

Freliminary indications show that the ventilation system had litthe elfect on the opening times of Lhee Tirsx
sprinkler, and that the mathematical model predictions are quantitively simalar,
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The specific I:ijl.'l:n'rh of the experiments wene;

in) o validate the model of the effects of ventilation on the time of operation of sprinklers. and the number of
sprinklers operating;

(b} b0 desermine the possible significance of any local effects of open ventilatoss om the ceiling jet:

(c) b determine whether a sprinkler system is likely 10 cause serious boss of stratification of the layer of hot
gases when ventilsibon i carried out in good time:;

(d) to determine the possible reduction in efficiency of ventilators within the zone of operating sprinklers.

A comndined team from Colt and the Buikding Ressarch Establishment carried out a ioial of aver 30 experimenis
during the course of the programme. Colt undertook the main experimentsl work, while the team From the Fire
Research Station were responsible for messurements of temperature, velocity and OO, content of the fire ERSCH
in the building, and in conjunction with Peter Hinkley, For preliminary analvsis of the results,

A vast amount of dalg way collected durtig the coniree of ihe i Recavdings were ohiaimed during the
experiments, mwch of which was recorded on compuler dise fo experiments do kelp momitor progress
atlow dedmiled aralvsis,

The bailding incorporates a sprinkber system and Cofi roof-mounted veniilstors and indet veniilatoes
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A dista logger recorded most of the messurements on disc, and a computer provided graphs of the resubts
between experiments

Hexame was chosen b0 fuel the fires for ihe majority of ihe caperiments. Hexane burns relatively smolkelesaly
s that the samgpling equipment was nod contaminated. In particular there was no blockage of probes or OO,
sampling tubes,

The heat output of the fire was determaned by the rate of supply of fisel, injected benenth the sarface of water
vonlained in metal trays.

The wealher throughoul the experimental programme was moderalely settled with lntle min. Albough wimd
speeds of 10m's were recorded obove the roof of the building dering eaperiments, they were generally in the
range of 2 —Tm's and predominantly from a sowhery direction

Tesis were conducted with two main types of fire: steady fires of o maimained sive; and growing Fires
Al iiomal tests were conducted on fires fuelbed by plastsc

ik The I, 00" Mulnifiacricaes! Traimimgosarrm
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Velocities of the [fire pases i variouy
Fetphad fa and Jesr below the ceiling fer
were megsnred by § bl-irectional probes
anached fo eack of the 2 columing carrving
theermocosples. A further bi-dinecrional
probe wies insralled i the throar of @
vesillaror o measire the velociry of gases
therowigh the opening,

¥

| While there was gemerally sufficiens lighs
skt ermable vinuel esrimares of pmoke
Layer depih, @ smoke generator was
provided o azsist ohaerarions, The
height aof the awtler cowld be positioned ar
the reguired disrance from the ceiliag

The sequence shows the rapid build ap of
smoke dwring o urvenied experiment,
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Temperatires | 50mm beaath the colling were megswred by sorre 30 thermocouples. Verionl temperatire
distrituntions were measuned by 2 colimns, each carrving 21 thermocouples, and posirioned Sm and Sm from
the avix of the fire. Ovher themmocouples were provlded te ieasire ambdent temperatiines dand e fempe ralires

in ther ppermres af 4 ventilators, A furcher 55 thermocouples were aaded i the second sevies of expeviments
primrily ro dergemine the opening tines of sprinklers.

Mearurememis q,I"E'I'.'.lI coRcenrnETan were made a e ceiling e, dn che Lover of kot pases beneadh, oo
feead-height, These were primanly ie determine whether fire gases were being pulled dowsward's,




Experimenis with
steady fires

The
Ghent

Fire Tests '

The fires were in 2w sq orays and had a beat oatput of SMW. It was found that 5 10 minuse durstson was
adequate and provided st least § minubes of relatively sieady lemperatures.

The maln block of |8 experiments was carried out wilh combinations of 0, | and 5 open sprinkbers and 0. 10,
arkl 20 open vents

There was no evidence of the fire gases being pulled down by the sprinkler spray in amy of these experiments.
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Figures ! and 2 each show the records of teimperarare agaings rime for all the thermovouples on one of the
verticad colwmres plotted on the tame graph,

in botl examples, the ceiling jel van be diviinguished because the small tesiperahicre variions are in phase
Ar expected, the ceiling jer iz abour {m deep, o the emperaiure i much lower (0t vemed fre tu in the
urvented fire,

The laver of kot gases b dlsinguithalle beneath the ceiling jef, of approximately T8 deep (0 the vered
experiment aid 4 Am deep withour venrllarion,

Figwres 3 and 4 each show reconds of remperatine againe time for o line of thermocouples T5Omm Berearh the
ceiling and exrevading from the axis of the fire to g wall. The temperature decreases with disimce from the avis
of the fire, arad the temperanire variations are muich greater pear the fire than near the wall, indicaiing that the
geres are more sagnant mear the wall,

Temperatures are lower ard decrease move rapidly with distarnce in the verded test than b the wvended fest.
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TRpernents with

growing fires

1} Experiments were cartied oul b myvestigiie the effects of ventilators on the operation of sprinkbers with
growing fires,

Hinkley 's mode] predicied thet water T wauld be of prime impentonce in determinmng (he aumber o
sprinklers opening after ‘control” of e fire. Lower wialer pressure couses the sprinkler bemd io produce larger
waler droplets, reducing the cooling effect. The subsequent temperature buikl-up will conse other sprinklers 10
aperse remste froum ihe fire

The mains water supply was found o be insulfcient 10 maintain adegquate pressare (o the sprinkler syatem,
resulting in o lorge number of sprinklers operating. Afer the firs five experiments ihbe muin riser wis
mandified s enable & fire pumg 1o e osed © provide sdeguate pressure,

The rate of supply e ke sepments of the tray was ingreased every 110 seconds 1o produsce a heat ouipe
grovwing exponentially from 0 E3MW w0 a potentinl maximum of [4MW,

As soom as the first sprinkler opened, the rage of Tuel supply was hekd constant o simulate the fine being
comrolled by the sprinklers. The number of sprinklers subsequenily opening depended both on waler pressiing
anid venting. In thase expernments where the sprinkler system was fed only by the mains supply, waner
pressare al ihe end of the system el o oa fractiom o4 & bar oo small iy measare) and only 20 open weniilagors
prevented nll 55 sprinklers Irom opening.

Even when n pressure of 5 har was mabnitained @ the pomp (effeciively al the base of the rising maing all
55 sprinklers opened during the unvenied experiment. 41 sprinklers opened when the heat output of the e
wics reduosd by HEFR 8 furiber 30 seconds after the operanon af the first *iPI"iI'I-H'.‘T-

I general, ventilation coused only & negligable delay 1o the apening of the first sprinkler,

Al of the ventilution arrungements tried resilled oo ressonable number of sprinklers opening (between
trarsl 144
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& Tihie | slcewes the time of operation of the _iE.r'n' grrivkier, the hewr owput of e fire o Hhatt timae, cand the roral
number of sprinklers apening i each experiment
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The series of experiments were successiully completed, and although a full analysis of the resulis has yet o be
completed, some enlative conclusions can be drawen from observations of the lesis.

I. The smoke ventilation system and the sprinkler system appeared 1o work well in combination

-

2. The effect of vemting on the operation of the first sprinkler is qualitatively similar 1o that predicted by the
mudel baii more careful guamitative comparisons are o be made

3. Dwring the experiments with steady fires there was o evidence of smoke being pulled down to bow level by
the sprinkler spray

4. During both vemed and unvenied experiments with growing fires there was some temdency for the fire
gates 10 be pulled down when the sprinklers were operuting at high pressure. Although the effects appeared
b0 e omly bocal, this was most evident whea the fuel supply io the fire was twrned off (therefore hest was
oo longer being generated) and the sprinklers were still in operation

LA

The depify of the ceiling jet was approximeasely 1m & expecied,

6. Sprinkber 'skipping’ occurred in most of the experiments, including the anvented ones, and was mosi
evident in the experzments with high water pressure. The results will be anslysed with the obsective of
desermining whether ventilation bears any relationship 1o this

The results are also pertinent to the design of sprinkler sysiems. Other aspects may become apparent during
amalysis
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