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ABSTRACT

A series of 25 fire tests was conducted to investigate cooling in room

fires by sprinkler spray. The tests were conducted in a 3.66 m x 7.32 m x

2.44 m high test room, ~hich had a 1.22 m x 2.44 m high opening centered in

one of the 3.66 m ~alls. The fire source was a spray fire with constant

heptane flow rate,located opposite the room opening. In each test only one

sprinkler was installed at the ceiling. Three geometrically similar sprin­

klers with nozzle diameters of 11.1 mm, 8.36 mm, and 6.94 mm were tested.

Convective heat loss rate through the room opening was measured with a

large fire products collector. The total heat release rate of the fire was

derived from the fire products collector measurements using a carbon balance

method. Heat loss rate to the ceiling and walls was measured, as well as

radiative loss throug~ the opening.

Empirical correlations for the heat absorption rate of the spray and the

convective heat loss rate through the room opening were established in terms

of 1) total heat release rate of the fire; 2) heat loss rate to the ceiling,

walls, and floor, and radiative heat loss rate through the room opening; 3)

room opening area and height; 4) sprinkler discharge rate; 5) water pressure;

and 6) sprinkler orifice diameter. These correlations accounted for the

effects of room geometry and opening size. Experimental results obtained for

a different room geometry1 also followed these correlations.
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I
INTRODUCTION

Historically, water has been the most commonly used agent to suppress or

extinguish fire. Means of delivering water to a fire by automatic sprinkler

system was introduced about a century ago. Recently, sprinkler protection has

gained considerable acceptance in health care facilities, hotels and resi­

dences. These occupancies are generally divided into rooms and hallways. As

a fire develops in a room, combustion products generated from the fire tend to

fill the room quickly due to the relatively low ceiling height and small room

size. Radiation from the flame and hot ceiling gas layer may cause ignition

of other combustibles in the room and may lead to fire flash-over eventu­

ally. Sufficient cooling of combustion products by sprinkler spray not only

prevents ignition of other combustibles within the room, but also prevents

fire spread and reduces smoke damage to adjacent rooms. Additionally, if the

combustion gases are cooled sufficiently, actuation of sprinklers remote from

the fire source can be prevented. Consequently, water demand for the sprin­

kler system will be small and the cost of the system will be affordable.

In an experimental study on spray cooling of hexane pool fires in a small

room conducted by Kung1, the effects of fire size, sprinkler orifice diameter

and water discharge pressure and water discharge rate on spray cooling ability

were investigated. The test room was 3.05 m x 3.66 m x 2.44 m high. A pen­

dent sprinkler was installed at the center of the ceiling. ~ hexane pool fire

was located in the corner of the room, opposite the window opening. The heat

absorption rate of the sprinkler spray was computed from an energy balance

scheme. In the computation scheme, the heat release rate of the pool fire

during sprinkler operation was based on the burning rate of the pool which was

estimated from the weight loss history of the pool and the average rate of

sprinkler water accumulation into the pool. The convective heat loss rate

through the window opening was estimated from the temperature and velocity

profiles at the opening. It was found that, for geometrically similar sprin­

klers, the heat absorption rate of sprinkler spray was directly proportional- .
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to the heat release rate and sprinkler discharge ratet and varied as the -0.73

power of the volumetric median drop diameter* of the spray.

Morgan and Baines2 investigated heat transfer from a hot ceiling gas flow

to a sprinkler spray for the case of a mall enclosure. The heat losses to the

ceiling and walls of the mall were not measured directly, but obtained through

an interpolation scheme based on the maximum temperature excess (above

ambient) in the ceiling flow. A l/2-in. diameter sprinkler was used for the

test program. The investigation demonstrated that the sprinkler spray (at 99

to 123 ~/min discharge rate) removed a significant amount of heat from the hot

gas layer.

In this study, a large test room (3.66 m x 7.32 m x 2.44 m high) with a

door opening opposite the fire source was used. The fire source was a heptane

spray fire with constant heptane flow rate. Three of the five geometrically

similar sprinklers previously used in Kung's study! were used. The effects of

fire size, sprinkler water discharge rate and median drop diameter of sprin­

kler spray on the spray heat absorption rate and the convective heat loss rate

through the room opening were investigated.

All the combustion products exiti-ng from the test room opening were

collected by a fire products collector, which was used to measure the convec­

tive heat loss rate through the room opening and the total heat release rate

of the fire. With the fire products collector, such measurements could be

performed accurately. Heat loss rate to the ceiling and walls was measured

with heat flux gages and pairs of 'thermocouples; the radiative heat loss rate

through the opening was measured with a radiometer. The heat loss rate to the

floor was assumed to be mainly due to radiation from its fire source. Again,

an energy balance scheme was used to compute the heat absorption rate of

sprinkler spray. This heat absorption rate and the convective heat loss rate

through the room opening were correlated with the test variables in a more

general fashion than the correlation developed in Kung's study1, in order to

account for the effects of room geometry and opening size. The correlations

developed in this study have been applied successfully to Kung's data for a

different room geometry and opening size. Such correlations should be useful

to fire protection engineers in determining spray cooling ability.

*The volumetric median diameter is defined as the diameter which divides the

total volume of the spray drops into two equal parts; one part containing

drops smaller than the median diameter, and the other part containing drops

larger than the median diameter.

2
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The walls and ceiling were constructed with 13 rom thick

Joint compound was used to seal the spaces between plaster-
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II
EXPERIMENTAL SETUP

2.1 TEST ROOM AND FIRE PRODUCTS COLLECTOR

The test room was built inside a large burn facility (12.2 m x 1R.S m x

10.1 m high). The test room itself was 3.66 m wide, 7.32 m long and 2.44 m

high. A 1.22 m lyide x 2.44 m high room opening was located at the center of

the west wall, as shown in Figure 1. The test room was fabricated with

"2 x 4" (1 1/2 in. x 3 3/8 in.) studs and "2 x 6" (1 1/2 in. x 5 1/4 in.)

ceiling joists.

plasterboards.

boards.

A fire products collector was constructed over the room opening to col­

lect the exiting combustion gases. The collector consisted of a 2.44-m dia­

meter hood, a O.61-m diameter stack, and other duct work (see Figure 2). An

electric blower was installed in the duct work to exhaust combustion gases to

the outside of the test facility. A O.36-m diameter orifice plate was

installed at the stac~ inlet to generate turbulence and achieve uniform flow

inside the stack at the instrumentation station, about 3 m (five stack dia­

meters) downstream of the orifice plate.3,~

2.2 FIRE SOURCE

The fire source was a heptane' spray fire generated from a set of four

oil-burner nozzles (Monarch). The four nozzles were mounted on a brass nozzle

adaptor (Monarch) with nozzle axes parallel to one another. Heptane was

supplied to the nozzle assembly (nozzles and adaptor) from a fuel tank through

copper tubing. The fuel tank was pressuriz~d with nitrogen gas. The copper

tubing adjoining the nozzle assembly was cooled with a water jacket to main­

tain the fuel at a constant temperature. The nozzle assembly was shielded

from direct sprinkler water impingement with a 3.1 rom thick steel plate, as

shown in Figure 3. The fire source was located close to the east wall at

equal distances from the north ann south walls; the nozzle assembly and frame

were positioned with respect to the east wall and the floor as shown in

'Figure 3.
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Fig11re 1 Plan View of the Test Room and Instrumentation Layout
inside the Room Enclosure
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Figure 2 The Fire Products Collector
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