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1.0 INTRODUCTION

The Coast Guard's interest in the localized fire
extinguishing system (LFES) concept for machinery spaces arises
from two current trends in merchant ship design: increasing
machinery space volumes aboard the larger vessels, and the
greater amount of automation being incorporated into ships of all
sizes.

Present regulations (Reference 1) require that machinery
spaces be protected by a large-capacity total flooding system
capable of producing an extinguishing concentration throughout
the entire space. A small number of portable and semi-portable
extinguishers are also required; these are intended for dealing
with very small fires.

With the LFES concept, areas or equipment identified as
especially fire-prone can be protected by localized extinguishing
systems specifically tailored to meet their individual
requirements. In the event of a fire involving the protected
item, the LFES can then be activated instead of discharging the
entire total flooding system. The LFES can produce an
extinguishing concentration around the fire more quickly (while

* using less agent) than the total flooding system.

2.0 OBJECTIVE

* The objective of this project was to determine what data are
necessary to develop a reasonable performance test for localized
fire extinguishing systems in machinery spaces.

U 3.0 DESCRIPTION OF WORK

3 3.1 Overall Technical Approach

The tests were conducted on the First Platform deck of the
test vessel MAYO LYKES, located at the U.S. Coast Guard Fire and
Safety Test Detachment in Mobile, Alabama.

Two groups of tests were included in this series: "S" tests
using a mockup that simulated a relatively compact semi-enclosed
piece of equipment with an internal fire, and "L" tests which
used a larger mockup simulating part of a main propulsion diesel3 engine.

In this test series, low pressure carbon dioxide (CO2 ) was
used as the extinguishing agent for simulated machinery space
fires involving two different types of equipment. Two types of
discharge nozzles were used: conventional "horn" nozzles and
projection nozzles, which are capable of directing a more
concentrated stream of CO2 directly onto the protected equipment
from a significantly greater horizontal distance.

I 1
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The carbon dioxide system included a large low pressure
carbon dioxide storage tank previously installed on the Boat Deck
of the midship structure of the test vessel. A fire
extinguishing system manufacturer provided engineering assistance
in selecting the CO2 discharge nozzles and the design of the
piping system between the storage tank and the discharge nozzles.

The scope of the test series did not permit optimization of I
the CO2 system design; instead the intent was to construct a
system that could be considered representative in terms of piping
arrangement and nozzle positions. I

3.2 Tests on Small Equipment Mockup

3.2.1 Technical Approach i
Tests were designed to investigate the use of a

localized extinguishing system for protection of small to medium
size machinery space equipment. An equipment mockup was placed
on an open support frame five feet above the deck of the test
compartment. The support frame was located in an area with no
nearby enclosures or bulkheads which would tend to hold the
extinguishing agent and thereby enhance its effectiveness. This
arrangement was intended to simulate the worst case regarding
retention of the extinguishing agent around the protected
equipment.

The CO2 system piping was arranged so that both
conventional horn nozzles and projection nozzles could be tested
at distances ranging from five feet to twenty feet from the
mockup. 3

Number 2 fuel oil was used as the test fuel. A
measured amount was placed in small pans inside the mockup
components.

3.2.2 Description of Mockup

The small equipment mockup consisted of two sheet metal
cylinders, each two feet in diameter and three feet long. The
cylinders were mounted end-to-end, one foot apart. They were
open at the bottom (over the lower 120 degrees of their
circumference) and had several large ventilation openings in the
side, top and end areas. The cylinders were fitted with base
brackets which rested in a shallow catch pan placed on top of the I
support frame. The arrangement of the mockup is shown in Figures
A-I through A-5 of Appendix A.

3.2.3 Instrumentation

Instrumentation for these tests included the following
types of sensors:
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Thermocouples were installed inside and outside the
mockup cylinders, so that the intensity of the test fires could
be compared. Thermocouples inside the cylinders were also used
to determine extinguishment times, since smoke and 2 streams
usually block the video cameras' view of any flames inside the
cylinders.

Gas analyzers (for carbon dioxide and oxygen) were used
to measure gas concentrations at eight separate points in and
around the mockup cylinders. Carbon dioxide concentrations were
measured inside and outside the cylinders to compare
characteristics and effectiveness of the individual test CO2
discharges. Gas concentrations at other points in the test
compartment were monitored after the tests to determine when
personnel could safely enter the test compartment.

Instrumentation related to the CO2 system included
pressure transducers at four locations inside the discharge line
between the CO2 storage tank and the nozzles, a position
indicator for the CO2 discharge valve near the storage tank, and
a load cell measuring total weight of the tank and its contents.
Data from these sensors were used to determine the amount of CO2
discharged in each test, as well as the discharge rate.

Several bidirectional air flow probes were installed in
the vicinity of the mockup. The primary purpose of these probes
was to indicate any unusual amount of circulation around the
mockup that could interfere with extinguishment by dissipating
the carbon dioxide agent. The probes also prov.ded a means for
assessing whether ambient wind strength or direction could have a
significant effect on test results by increasing air circulation
inside the test compartment.

Wind speed and direction were measured outside the ship
during all tests.

A list of individual instrumentation data channels is
contained in Appendix A.

3.2.4 Test Procedures

For each test, a measured amount of Number 2 fuel oil
was poured into the fuel pans in each mockup cylinder. (For test
SOlA, one gallon of fuel was used in each cylinder; for all
subsequent tests the amount was 0.5 gallons per cylinder.) The
fuel was ignited manually, using a propane torch. After the
desired preburn period, the carbon dioxide discharge valve was
opened and a predetermined amount of CO2 was allowed to flow from
the storage tank. The readout from the CO2 storage tank load
cell (Channel 73) was used to time the closing of the discharge
valve. In those cases where the test fires persisted after the
CO2 discharge, they were allowed to burn themselves out. Post-
fire entry to the test compartment was delayed until the area
could be ventilated to remove smoke and CO2 and reintroduce
normal levels of oxygen.

3



This series of 13 tests involved the following
controlled variables:

Agent discharge nozzle arrangement:

Two horn nozzles 10 feet from mockup: 1 test
Two horn nozzles 5 feet from mockup: 4 tests
One horn nozzle 5 feet from mockup: 1 test
One projection nozzle 20 feet from mockup: 2 tests
One projection nozzle 10 feet from mockup: 5 tests

Ventilation conditions:

Ventilated (hatch covers removed): 2 tests
Non-ventilated: 11 tests

Preburn time:

From 67 to 118 seconds
(67-81 seconds: 7 tests; 97-118 seconds: 6 tests)

Amount of CO2 discharged:

From 240 to 830 pounds
(Under 300 lbs: 2 tests; 300-500 lbs: 6 tests; above
500 lbs: 5 tests)

Average rate of CO2 discharge:

From 2 to 20 pounds per second
(Under 2 lb/sec: 6 tests; from 5 to 10 lb/sec: 5
tests over 10 lb/sec: 2 tests)

3.2.5 Results

Table 3.2.5.1 shows the conditions that apply to each
individual test. In the table, the tests are grouped according
to the results of the test; e.g., "Fires Extinguished - Both
cylinders."

Representative temperature data plots are contained in
Appendix B.

I
I
I

I
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In the table, the following definitions apply: I
Ventilation conditions: "Vent" indicates that the

hatch cover sections (on the Main Deck, directly
above the mockup area) were removed before the
start of the test. Removal of the hatch covers
allowed smoke and fire gases to escape easily from
the test area, and also encouraged the maximum
amount of natural circulation in the vicinity of
the fire. This amounts to a worst case in regard
to the ability of a given amount of agent to I
extinguish the test fire, because the circulation
not only supplies fresh oxygen to support the
fire, but also tends to disperse the agent at the
same time. "Non-vent" indicates that the hatch
covers were in place during the test.

Preburn time: the period between ignition of the fuel i
inside the first mockup cylinder and opening of
the CO discharge control valve (indicated by the
Channei 87 plot).

Peak air/gas temperatures: the highest temperatures
indicated by the thermocouples located in the
middle of the volumes enclosed by each mockup
cylinder. Channel 0 indicated temperature inside
the aft cylinder and Channel 1 indicated forward
cylinder temperature.

CO2 weight: weight of CO2 applied as determined by the
difference between mean weight of the CO2 storage
tank before the CO2 discharge control valve is
opened and the steady-state mean weight indicated
after fluctuations resulting from valve closure
die out. The CO2 weight is determined from a plot I
of Channel 73 data.

Valve open: the period between opening and closing of
the CO2 discharge control valve. The elapsed time
is determined as the period during which the
voltage indicated on the Channel 87 plot is other
than zero.

Average discharge rate: the CO weight divided by the
valve open time (both of which are defined above).

For the purposes of Table 3.2.5.1, a fire is considered
extinguished if the air/gas temperature inside a cylinder (as I
indicated by the Channel 0 or Channel 1 data plot) drops to 100°0C

or less after the CO2 discharge valve is opened. If the
temperature drops sharply after the valve is opened, but later
rises again, the fire is considered temporarily suppressed. If
the CO2 discharge has little apparent effect, the fire is
considered to be unsuppressed.
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Table 3.2.5.1 shows that fires were successfully
extinguished in both cylindt~rs in seven of the thirteen tests.
In four other tests, partial success was achieved: the fire in
one of the two mockup cylinders was extinguished.

In one of the remaining tests (SO7A), the iires were
only temporarily suppressed. Only 240 pounds of CO 2 was
discharged; this was the smallest amount of agent used in any
test. In the other test (SO4A), although 425 pounds of agent
were used, the discharge period lasted nearly four minutes. This
resulted in the lowest discharge rate observed in the tests.
Apparently, the prolonged discharge resulted from partial
clogging, or, more likely, freeze-up inside the CO2 piping.

3.3 Tests on Large Equipment Mockup

3.3.1 Technical Approach

Tests were conducted as a follow-up to a previous test
series, which also used low pressure carbon dioxide as the
extinguishing agent, as well as the same mockup (Reference 2).
In the previous tests, the agent was discharged from an array of
six conventional nozzles located close to the mockup. In the
tests described in this report, the agent was discharged from two
projection nozzles located further away. Test procedures were
similar to those used in the earlier test series.

3.3.2 Description of Mockup

The mockup used in these tests was designed to resemble
a large piece of machinery space equipment, with extensive
vertical surfaces, as well as numerous projections and recesses.
Its basic outline resembles a portion of a main propulsion diesel
engine. Overall dimensions were 16 feet long by 12 feet high.
Arrangement of the mockup is shown in Figures A-6 and A-7 of
Appendix A. For the fire tests, two gallons of Number 2 fuel oil
were placed in a large fuel pan next to the base of the mockup
and ignited manually.

3.3.3 Instrumentation

Instrumentation for tests involving the large mockup
was similar to that used for the small mockup (See Section
3.2.3).

The most important of the instrumentation sensors were
those located on and around the mid-length portion of the mockup,
since this was the area where the test fire flames were the
strongest. Temperature readings from thermocouples in this zone
were used to compare the intensities of the test fires, and to
determine extinguishment times.

An instrumentation list is contained in Appendix A.
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3.3.4 Test Procedures

For the fire tests, Number 2 diesel fuel oil was placed
in a large fuel pan next to the base of the mockup. A small I
amount of mineral spirits was added to promote rapid spread of
the fire across the fuel pan. The test fires were ignited
manually with a torch. Thirty seconds after ignition, the large
mockup fuel system began pouring additional fuel oil onto the
center section of the mockup through a transverse perforated
pipe. After a 2-minute burn time, the flow of fuel was shut off,
the CO 2 system was activated, and a predetermined amount of CO2was allowed to flow from the storage tank. The readout from the
CO 2 storage tank load cell (Channel 73) was used to time the
closing of the discharge valve. In those cases where the test
fires persisted after the CO 2 discharge, they were allowed to
burn themselves out. Post-fire entry to the test compartment was
delayed until the area could be ventilated to remove smoke and
CO 2 and reintroduce normal levels of oxygen.

As in the small mockup tests, ventilation conditions
were varied by removing hatch cover sections one deck level above i
the mockup for some of the tests.

Most of the fire tests were run with projection nozzles
positioned 20 feet away from the mockup. Two tests were run at a
nozzle distance of 10 feet.

3.3.5 Results 3
Nine fire tests were completed, as shown in Table

3.3.5.1. 3
In four cases the fire was completely extinguished,

with extinguishment times ranging from 50 seconds to almost six
minutes.

In three other cases the fire on the upper part of the
mockup was extinguished, but the fire in the fuel pan at the base i
of the mockup was only temporarily affected, and continued to

burn for several minutes afterward.

In two cases, the fire on the upper part of the mockup I
and the fire at the base of the mockup were only temporarily
suppressed, and continued to burn until most of the fuel was
consumed.

Representative temperature data plots are contained in
Appendix B.

Peak temperatures ranged from 840 to 950°C near the
lower part of the mockup and from 730 to 890 0 C near the upper
part. In all nine fire tests, the flames were at least
temporarily suppressed, even when as little as 215 pounds of CO2was discharged.
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Seven of the tests were run with the nozzles located 20 i
feet from the mockup and two tests were run with the nozzles 10
feet away. In one of the tests at 10 feet, approximately 1000
pounds of CO2 was discharged onto the fire (resulting in i
extinguishment). In the other test, 500 pounds was discharged
and the fire was only temporarily suppressed.

Average discharge rate varied considerably during these i
tests. The reason for the variation is not known. There was no
evidence of freeze-up or clogging inside the CO2 piping, as was
observed during tests with the small equipment mockup. i

4.0 DISCUSSION i

4.1 Small Equipment Mockup Tests 3
The results of tests with the small equipment mockup

indicate:
i For the combination of nozzle arrangements and

mockup configuration that was tested, 400 to 500
pounds of CO2, applied at an average rate of 2.5pounds per second, appears adequate for I
extinguishment of test fires inside both cylinders.

With a given supply piping system configuration, a
single projection nozzle can provide a CO2
application rate that is two to eight times greater
than two horn-type nozzles. 3
Projection nozzles can be located at least 20 feet
from the protected equipment, and still provide
satisfactory protection.

By design, the projection nozzle produces a more
intense stream of agent than the horn nozzle. This I
stream could cause spattering and spread of an

exposed liquid pool fire.

Freeze-up or mechanical clogging of the discharge I
nozzles can greatly reduce the agent discharge rate.

4.2 Large Equipment Mockup Tests i
The results of the tests with the large equipment

mockup indicate: I
* The minimum amount of agent that can achieve

complete extinguishment is about 600 pounds,
discharged at an average rate of 12 to 20 pounds
per second using the projection nozzle arrangement
described previously. In a previous test series

10



with the large equipment mockup in which
conventional CO2 horn nozzles were used, it was
determined that the minimum amount of agent
necessary for consistent, rapid extinguishment was
500 pounds, applied at a rate of about 10 pounds
per second (Reference 2).

In comparing results of the two test series, it
must be noted that in the earlier tests, the six
horn nozzles were placed relatively close to the
mockup and arranged so as to provide good coverage
over the burning fuel at the midpoint of the
mockup, as well as the mockup areas on either side
of the fire. This sort of nozzle layout may not
always be possible in actual machinery spaces,
because of interference with other equipment and
piping systems.

If projection nozzles are used instead, they can
be installed farther away from the protected
equipment. In these tests, 15 to 20 percent more
agent was required when two more distant
projection nozzles were used. This indicates that
one advantage of projection nozzles is the
capability of providing a comparable degree of
protection in cases where installation of horn

* nozzles is impractical.

* It appears unlikely that locating the projection
nozzles closer than 20 feet from the protected
equipment would have a major effect on their
performance.

* Ventilation conditions (main deck hatch covers
either in place or removed) appear to have little
effect on peak flame temperatures in the center of
the mockup. The ambient wind velocities averaged
two miles per hour or less for six of the nine
tests.

I
5.0 CONCLUSIONS

* * Based on the results of these tests with both the
small and large equipment mockups, it appears that
CO2 projection nozzles can be useful in machinery
space applications, especially where conventional
nozzles cannot be placed close to the protected
equipment.

* The results of these tests together with those
reported in Reference 2 indicate that a
performance test for a localized fire

11



extinguishing system using carbon dioxide should
include measurement of the following test
parameters during a live fire test of the
specified configuration:

(1) Weight loss of carbon dioxide as a function
of time. 3

(2) Air/gas temperature measurements using an
array of thermocouples located throughout the
fire zone. I

(3) Open and closure times for the carbon dioxide
actuation valves.

Additional information which would be useful in
interpreting the test results would be the
measurement of carbon dioxide and oxygen
concentrations in the fire zone.

i
I
I
I
I
I
I
I
I
I
I
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APPENDIX A

Instrumentation List

The complete list of test instrumentation for the large and
small mockups is contained in this appendix. Sensor locations
are shown on the accompanying sketches.
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FIGURE A-5

EDGE OF 2nd DECK OVERHANG II
FIGURE A-4 Motor Mockup Instrumentation (Plan View)
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SYMBOLS *
0 THERMOCOUPLE ON I

MOCKUP SURFACE
THERMOCOUPLE NEAR 26(25 -27) f
MOCKUP SURFACE 3ft

~I

7 (5 -9)I

IdOt 34

12 (1o -14) 12 f

______ _____35I

CHANNEL NUMBERS:
FIRST NUMBER IN-

DICATES SENSOR
LOCATED AT MIDDLE
OF MOCKUP: NUMBERS 29(28 -30)U
IN PARENTHESES IN-
CLUDE ALL SENSORS
IN GROUP. * I

1st PLATFORM DECK

FIGURE A-6 Diesel Mockup Temperature Instrumentation (End View)
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APPENDIX B

Representative Data Plots

The following data plots illustrate the different effects

which the carbon dioxide discharges had on the test fires.

Tests on small mockup:

Figure B-i: Fires extinguished in both cylinders (Test
SO2A)

Figure B-2: Fires temporarily suppressed (Test SO7A)

Figure B-3: Fires unsuppressed (Test SO4A)

Tests on large mockup:

Figure B-4: Fire extinguished (Test LO3B)

Figure B-5: Fire extinguished on top of mockup, reflash at
bottom (Test LO3A)

Figure B-6: Fire temporarily suppressed (Test LO7A)
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