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ABSTRACT

Smoke Is a threat to the lives of personnel and the mission of Naval
surface ships, This paper presents a trilogy of smoke management systems and
techniques for Navy ships. First, for existing ships, Smoke Containment and
Removal Diagrams to assist the crew In rapid containment of smoke during fire
and subsequent removal of smoke on extinguishment of the fire are presented.
Next, the ffeet on tenability when ventilation patterns are altered according to
the current Main Machinery Space Fire Fighting Doctrine is discussed. Finally, -

for new construction ships and ships with collective protection systems for
defense against chemical and biological warfare agents, Integration of smoke
management techniques with ship heating, ventilating and air conditioning
systems to form a Smoke Ejection System is described. ,
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ABBREVIATIONS

ADMIN administrative
AL Alabama
AT airtight
AUX auxiliary
BAT T battery
BHD bulkhead
BOSN boatswain
BR bridge
CA California
cfm cubic feet per minute
CHEM chemical
CHO charging
CIC combat information center
CIW5 close- in weapons system
CL NO cleaning
CO Commanding Officar, carbon monoxide
Comm communications
aMP compressor

CPO Chief Petty Offler
CPS collective protection system
CSER communications support equipment room
CTR center
DC damage control
DECON decontamination
DEF defense
DEG degaussing
DH department head
Ddcd
DINSRDC David Taylor Naval Ship Rescarch and Development Center
EH exhaust high
ELEC electrical
FLEX electronic
EO exhaust off
EOPT equipment
ES exhaust system
EXEC OFF Executive Officer
F tahrenheit
FLAM flammable
FP frame
ft feet
FT fume tight
F7 fire zone
Of N gener a I
,.lpm gallons per minute
HDLO handling
HVAC heating, ventilating air conditioning
I ,.-,) issue
LAB laboratorv
lO liquid
LVL level
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MCHRY machinery
min minute
MN main
MW megawatt
NAVSEA Naval Se Systems Command
NO. number
OFF office
OPS operations
OT oil tight
PASS passage
X percent
PL platform
ppm parts per million
PROV provision
PWR power
PZ pressure zone
R/C rate of air exchange
PDR radar
REFR refrioeration
REP repair
RM room
RS recirculation system
SATOCS Smoke and Toxic Gas Control System
SCRD Smoke Control Removal Diagrams
SCZ smoke control zone
SD supply department
SEC second
SES Smoke Ejection System
S 6  sulfur hexafloride
SH supply high
SHR shower
SL supply low
SNAP shipboard non- tactical automated data processing
so supply off
SPLY supply
SPRT support
Sq ft square feet
SR stateroom
5$ supply system, superstructure
STA station
,TPM store roorr
MRS stores
STWG stowae

TBD to be deter m ined
TECH technical
TPK trunk

US United States
WR wardroom
WT watertight

XTMR (ransn Itier
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3rd third
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INTRODUCTION

The historically catastrophic nature of shipboard fires at sea has long stimulated the
interest of both seafarers and ship designers. However, inherent difficulties of containing fire
on board a ship have never been oerome and the shipboard fire remains one of the most dreaded
oocurrences. Smoke generated by a shipboard flire presents a malor hazard to 'he personnel and
mission of the combatant ship. Most deaths result wher. sailors lost in the obscuring smoke
cloud inhale the toxic combustion products. Extended damage to or loss of ship may result when
sailors hesitate on entering obscured areas or become lost and can not locate the seat of the fire.

In a recent fire on board the USS TATTNALL DOG 19, smoke spread from the involve space
rapidly, and forced the aft-half of the ship Including two machinery spaces to be evacuated
Extensive electronic damage resulted from the fire. A fire on the USS RANWER (CV 61 ) resulted
in the deaths of six (6) men from toxic gases. In the Falkland Islands conflict rapid spread of
smoke on board the British ship HMS SHEFFIELD negated her fire fighting capabilities resulting
in her sinking. These and numerous other fires clearly demonstrate the need for effectively
controlling the spread of smoke on Navy ships In 1981, the David Taylor Naval Ship Research
and Development Center with the support of the Naval Sea Systems Command launched the first
program dedicated to the management of smoke on board Navy ships. This paper presents a
trilogy - Smoke Removal Diagrams and Procedures, New Machinery Space Fire Fighting
Doctrine Tests, Smoke Ejection System of these efforts. Other efforts to address smoke
ingestion, existing ship smoke management upgrade and related problems are underway.
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SMOKE CONTAINMENT AND REMOVAL DIAGRAMS

INTRODUCTION

The lessons learned from the USS TATTNALL fire Illustrate the hazards of uncontrollable
smoke spread. The reports concerning the fire, specified the need to develop specific measures
for controlling the spread of smoke during a fire. There are many smoke migration routes
inherent in current naval ship design. The ability to identify these routes quickly and
acurately will improve our ships fire fighting capabilities

Compartment seogregation is helpful in reducing the area of smoke involvement. There is
more compartment segregation below flooding water levels (FWL), (V Lines) than above because
of the flood control requirements Imposed on cesses, ventilation systems, and bulkhead
tightness criteria. Consequently, it is easier to contain smoke below the FWL than above these
levels

A requirement imposed on the ventilation system below the FWL is that no transverse
subdivisions, nor Individual watertight (WT) compartments within a WT subdivision, be
interconnected. Also, WT closures are required on ducting which passes through a WT bulkhead
below those levels These requirements help limit smoke migration.

Below the FWL, the majority of the bulkheads and decks are WT. Bulkheads and decks
which are non-tight (NT) are surrounded by other WT bulkheads or decks, thereby, forming a
larger WT envelope. Ducting, cableways and accesses which breach WT boundaries are also of
WT classification, making smoke migration through the structural difficult.

While horizontal smoke spread below the FWL Is difficult, it is possible. As long as the
vertical ducting is run WT below the FWL, closures are not necessary. Once the vertical duct
run ascends above the FWL, it may run horizontal through a WT or main transverse bulkhead
without requiring a closure. The ducting may then descend bel-, the FWL and serve other
compartments, provided that they are in the same fire zone (F". A single fan located above the
FWL, can and often does, simultaneously serve watertight compartments In more than one main
transverse subdivsion. This Is done to avoid the cost, weight, space and complexity resulting
from a larger number of smaller systems, The penalty, however, Is a potential smoke migration
route between compartments and main transverse subdivisions.

Above the FWL, there are few restrictions imposed on the ventilation system which limit
smoke migration except for smoke control dampers In duct work serving some, but not all,
manned vital spaces Since flood control Is generally not a concern and vital space boundaries
are only classified air tight (AT), ducting may penetrate bulkheads without requiring a closure
Also, longitudinal and transverse passlways within fire zones are used as natural air returns
This makes It difficult to segregate areas of smoke involvement.

Bulkhead tightness requirements above the bulkhead deck are not as stringent as those
below There can be main transverse bulkheads that are classified as non-tight (NT), and in
some cases, can even have open arches rather than doors for mtcess A bulkhead of NT
classification reduces appreciatively the smoke containment capability when compared to
watertight or AT bulkheads
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ro contain smoke, fire fighting and damage control personnel must be aware of all possible
smoke migration routes. Damage control and fire fighting parties are thoroughly trained and
constantly drilled In fire fighting practices. The emphasis of their training, however, Is In
combating fire not containing smoke. The repair parties priority Is to find and extinguish the
fire. Actions required to contain smoke may be overlooked.

3MrOKE CONTAINMENT AND REMOVAL DIAGIAMS

Smoke Containment and Removal Diagrams (SCRD) are procedures to aid damage control
and fire fighting personnel in the containment and removal of smoke. Damage control and repair
party operating procedures, ventilation system distribution and bulkhead integrity were
evaluated in developing the diagrams. The SCRD allows damage control and fire fighting
personnel to quickly Identify the area of smoke Involvement and gives them the pre-engineered
procedures for securing that area's boundaries for sroke containment. The diagrams also
provide procedures for smoke removal after the fire has been extinguished.

The concept of the smoke control zone (SCZ) was used in developing the Smoke
Containment and Removal Diagrams. A SCZ can be defined as the smallest possible area where
smoke can be effectively contained and subsequently removed upon fire extinction. The SCZ
defines the area of potential smoke Involvement, resulting from a fire originating in any
compartment within that area. This area is made up of compartments and subdivisions joined by
interconnecting ventilation system ducting or open hatchways, which are not designed to be
secured during general quarters. SCZ's were established using a worst case situation which took
into consideration the following conditions:

I. The potential for upward and horizontal smoke movement due to buoyancy, expansion
or normal stack effect.

2 The potential for downward movement of relatively cool smoke due to a reverse stack
effect.

3. SCZ boundaries must be capable of restricting smoke movement. Fire zone (FZ),
watertight (WT), airtight (AT), oil tight (OT) and fume tight (FT) bulkheads are
considered applicable for this purpose.

4 Ventilation system closures that are provided at fire zone bulkheads can be secured
from both sides of the bulkhead.

S. Ventilation system closures that are provided at other majcr transverse bulkheads and
at the boundaries of vital spaces can only be secured from one side of the bulkhead

6 Ventilation system closures are not always provided at the point of origination and
point of termination on vertical ducts.

7. Hatchways located above the main deck are not provided with permanent airtigt.
hatch covers Portable hatch covers provided for these hatchways cannot be readily
Installed due to the Interference of removable handralI ngs.

The Smoke Containment and Removal Diagrams (SCRD) consist of a Key Sheet and a
Procedure Sheet

>1"
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KEY SHEE T

The Key Sheet, figure I, illustrates the location and extent of each SCZ. The Key Sheet
snows a plan view of all the ship's levels. Each level Is segregated Into smoke control zones. The
SCZ's are designated by number I.e. SCZ 4- 1. The first number Indicates the deck, platform or
level from which the zone originates. The second number Indicates the zone location on the level
of origination.

The hatched lines indicate areas which are not ventilated. These areas require portable
exhaust equipment for smoke removal. The solid colored areas represent compartments which
are not subject to smoke penetration such as escape trunks and elevator trunks.

When smoke is detected by the crew, its location by dock level and frame number, Is
reported to Damage Control Central or a nearby damage control officer With this information,
the damaW control officer pinpoints the compartment on the Key Sheet and Immediately knows
tr areas subject to smoke migration.

POCEDURE SHEET

Once the damage control officer knows which SCZ Is Involved, the procedure sheet Is
referenced. The procedure sheet, figure 2, indicates the actions required to contain smoke
within a SCZ and the actions required to remove smoke after the fire has been extinguished.

The procedure sheet indicates

I The Smoke Control Zone,
2 Ventilation system fans and closures that should be secured to:

a Eliminate the introduction of air to the fire area,
b Restrict the migration of smoke and fumes from the wected area;
c Reduce the potential for re-ingestion of smokeand fumes,
d. Address the potential for damage to ventilation ducting which passess through, but

does not serve, the fire area,

3 Ventilation system fans th t should oe energized and ventilation closures that should
be opened for smoke removal

FF3 7 TESTS

The Smoke Containment and Removal Diagrams (SCRD) were developed for the FFG 7 Class
shios These diagrams were tested and evaluated on the U5, CLIFTON SPRAGUE (FFG 16). The
' X V', effectiveness was measured In their ability to confine smoke within a smoke control zone
Ai-* !no de-smoking capability of current shipboard HVAC equipment was Investigated. Fans
nr2 > ,r" closures were cured prior to testing . The tests purpose was not to evaluate the
,' ,,rw nlitv to Interpret and use the diagrams but to see If smoke could be contained In the SCZ.

Four (4) SCZ's were us9d in evaluating the diagrams. A profile of these zones Is shown in
figure 3 C.ondition Zenra Z (secure iat-rier. -Mors, and fans) was set before the start of each
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C.hem ical smoke. produced by a smoke generator, was used to simulate smoke from a fire
The smoke was formed from a mixture of water, polyethylene glycol-200 and polypropylene
glycol The expansion of fire gases was simulated using a Red Devil Blower, a by pass valve and a
rieriam Flowmeter (figure 4) A trace gas, sulfur hexaflorIde (SF6 ) was released Into the air

stream produced by the Red Devil Blower to further simulate fIre gases. The migration patterns
of 5F, more :!oseiV resemble the migration patterns of smoke gae which can not be simulated

witn chem ical smoke The SF6 concentration was monitored by a g chromatograph

The tests confirmed that smoke can be effectively contained within a SCZ except for minor
leak ae tnrough cableway and door seal Problems were encountered during de-smokinc The

,o step procedure required to activate the fans - reset circuit breaker at the switchboard ana
reset local controller - often required in excess of twenty minutes to complete Tis was
erause. in some cases, the local controllers could not be located because of the reduce,

./Isibility caused by the smoke Once the fans gerving the affected SCZ were energized, all four of
the 5CZ's tested could be do-smoked within the required four air exchanges

cNCLUSI ON

Recent fires aboard ships have illustrated the hazards of unontrollable smoke spread.
There are many smoke migration routes inherent in current Naval ship designs. The Smoke
Containment and Removal Diagrams are pre-engineered instructions for containing smoke
within the smallest area possible Shipboard testing of the diagrams has confirmed that smoke
can be affectively contained within a smoke control zone except for minor leakage through
cotleways and dor seals
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Chemical smoke, produced by a smoke generator, was used to simulate smoke from a tire
The smoke was formed from a mixture of water, polyethylene glycol-2 0 0 and polypropylene
glycol. The expansion of fire gases was simulated using a Red Devil Blower, a by pass valve and a
Merlam Flowmeter (figure 4) A trace gas, sulfur hexaflorlde (SF 6 ) was released Into the air

stream produced by the Red Devil Blower to further simulate fire gases. The migration patterns
of SF6 more closely resemble the migration patterns of smoke gose which can not be simulated

with chemical smoke. The SF6 concentration was monitored by ages chromatograph.

The tests confirmed that smoke can be effectively contained within a SCZ except for minor
leakage through cableway and door seals. Problems were encountered during de-smokino The
two step procedure required to activate the fans - reset circuit breaker at the switchboard and
reset local controller - often required in excess of twenty minutes to complete This was
because, in some case, the local controllers could not be located because of the reduced
visibility caused by the smoke. Once the fans serving the affected SCZ were energized, all four of
the SCZ's tested could be de-smoked within the required four air exchanges.

CONCLUSION

Recent fires aboard ships have illustrated the hazards of uncontrollable smoke spread
There are many smoke migration routes inherent in current Naval ship designs. The Smoke
Containment and Removal Diagrams are pre-engineered instructions for containing smoke
within the smallest area possible Shipboard tcsting of the diagrams has confirmed that smoke
can be affectlvely contained within a smoke control zone except for minor leakage through
cab leways and door seats
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MAIN MACHINERY SPACE VENTILATION SYSTEM CONFIGURATION FOR CLASS B FIRES

INTRODUCTION

Fires in main machinery spaces have been one or the most lethal and costly accidents on
board US Navy ships to date. The recent deaths of six (6) sailors on board the USS RANGER (CV
61 ) has prompted the Naval Sea Systems Command to develop a Main Machinery Space Fire
Fighting Doctrine. This doctrine identifies the proper procedures for combating the Class B fire
problem in main spaces. During the development of the doctrine, questions arose concerning the
role of the ventilation system during the Initial attack on the fire. Specifically, could tenability
thresholds be varied by changing the ventilation settings. Upon further Investigation. It was
identified that data concerning the varing of the ventilation rates of large scale Class B fires was
incomplete, therefore, a test program was Initiated.

MACHINERY SPACE VENTILATION

The ventilation rate in main machinery spaces on board most US Navy ships varies
Yxo.rding to, type of propulsion plant, space size, collective protection system (CPS), ships'
einning, and the other major heat producing machinery located within the space. The rate of air
change for most machinery spaces Is between ono (I) and four (4) minutes; the average taken
for testing purposes was two (2) minutes. Once the ventilation system supply is computed from
the variables above, the exhaust is computed as 115% of supply, this Is intended to draw a
negative pressure on the space to contain heat and odors from the rest of the ship. There are two
other main ventilation settings, low and off. The low ventilaton setting Is 66.6Z of the high
settings and the off ventilation setting Is 0% Other ventilation combinations can be achieved
such as exhaust off and supply low or high, exhaust low and supply off or high, and exhaust high
with supply low or off. The combinations tested were:

Exhaust High (EH) - Supply High (SH)
Exhaust High (EH) - Supply Low (S )
Exhaust High (EH) - Supply Off (SO)
Exhaust Off (EO) - Supply Off (50)

The setting of EH was considered to give the maximum heat and smoke removal available while
1t- z:uPply was var ied to quantify the adverse affect of suppling oxygen to the fire versus cooling
the spaoe with ambient air The setting of EO-50 was used as a base line of fire severity

TEST SITE

A unique facility was needed to test different ventilation settings during large scale fires
in the machinery space configuration The space chosen was the machinery space fire fighting
traner located at the Damage Control School at Treasure Island, CA This trainer had the space
sontiguration, burnablifty, and was easily modified to simulate a main space fire,

The ventilation system was simulated by using two, 12,000 cubic feet per minute (cfm)
centrifugal fans, 36 Inch and various smaller size ducting, and dampers One fan drew from the
top of the space as the exhaust, the other wan dampered to regulate the flow and acted as the
supply A network of smaller ductwork was constructed inside the space to simulate the actual
supply system for a machinery space



TESTI N

The actual testing consisted of a spray fire and five (5) different size pools. The spray
was created by a small crack In a pressurized diesel fuel line. Approximately 6.5 gallons per
minute (gpm) flowed from the line and produced 15.0 megawatts (Mw) of energy, The pool
fires were 10, 25, 50, 100, and 900 square feet In size and produced .96, 2.4, 4.7, 9.5, and
15.0 Mw of energy, respectfully. The energy release rates can be controlled by the amount of
oxygen available and is related to the ventilation rate of the space.

The space was Instrumented for temperature, fuel mass loss, gas concentration levels,
smoke density, radiant heat, differential pressure, ventilation flow rate, and video recording.
The main factors concerning the tenability of the space were visibility, carbon monoxide (CO)
production, and temperature.

The threshold limits for tenability were:

Visibility 10 feet (ft)
CO Production 3000 parts per million (pprn)
Temperature 300* FRnrenhelt (F)

RESULTS

The data concluded that the fires that could be fought for a short time, but would eventually
pass the tenability thresholds were the 25 and 50 square feet fires. The 10 square feet fire
could burn for a relatively long period of time without reaching the limits and the 100, 900
square feet and spray fire lost tenability in a relatively short period of time after ignition
(approximately 20 seconds). Tables I and 2 give the relative time until tenaoility limits were
reached on the lower (L I) and upper (L2) levels

CONCLUSIONS

The following conclusions were made from the results.

I. The one hundred (00) square feet fires reach untenable conditions due to smoke
otscuration In approximately twenty (20) seconds, Irrespective of ventilation
configuration Critical CO and temperature conditions are reached between sixty (60)
and eighty (80) seconds.

2. Spray fires reach temperature limits between eighteen (18) and twenty-eight (28)
seconds for all ventilation configurations (eighteen (18) seconds supply off/exhaust
off).

3. Spray fires generate the highest CO levels for all tests.
4. Conditions quickly deteriorate on the upper level, for most tests a loss of vismility

occurred within two (2) minutes
5 Worst ventilation configuration overall was supply off/exhaust off
6 Ventilation configuration recommended for doctrine Is supply low/exhaust high or

supply high/exhaust high
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Table I. Pool Fire (50 Square Feet)

Test Ventilation Temperature (0 Visibility
No Sei) (SOc) (Se) (SOc)

LI L2 L1 L2 Li L2

10 SO/EO - 68 240 180 38 is

11 SO/EH - 75 370 270 45 1s

22 SILEH - 80 - 210 45 10

27 SH/EH - 80 - - 50 10

Table 2. Pool Fire (2S ,qae Feet)

Test Ventilation Temperature Vo isibility
No Settinq (Sec) (Sec) (Sec)

L1 L2 Li L2 L L2

6 S0/E0 - 180 - - 20 20

9 S0/EH - - - 75 -

20 SL/EH - - - 35 35

19 SH/EH - - - 65 40

12
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SMOKE EJECTION SYSTEM

INTRODUCTION

Beginning In 1981 , David Taylor Naval Ship Research & Development Center (DTNSRDC)
conducted a series of live fire tests investigating the use of ventilation fans, ducting, and
dampers to control smoke during fires. These tests were performed at the US Coast Guard Fire
Test and Safety Facility In Mobile, AL. The US Coast Guard vessel ALBERT E. WA; ,S was the test
vessel. These tests demonstrated that smoke from live fires could be controlled on one deck or in
a multi-deck situation. The test series performed in 1985 was conducted in a 3-decI.
multi-compartment zone. Two abutting zones and an Imbedded machinery space were simulated
in this test. We found that smoke could be controlled during a fire using the ship's ventilation
system. Figure 5 compares the present doctrine, securing the ventilation during fire, with tne
proposed concept of using the ventilation In a controlled engineered system to remove both heat
and smoke. When ventilation Is secured in accordance wth present doctrine, we see the 02 Deck
rapidly filling with smoke but when we use the ventilation system in an enginwered manner.
smoke does not penetrate the 02 Deck and the temperatures on the 0 1 i.)eck within close
proximity to the fire remains tolerable. if trie 02 Deck does become filled with smoke as with
securing the ventilation In figure 5, we found that the smoke could be removed once the
ventilation was reset. Figure 6 shows that the totally obscured passage has cleared sufficiently
within seven (7) minutes after ventilation restart for easy movement of personnel Within
seventeen (17) minutes after starting the ventilation and five (5) minutes after the fire was
extinguished, the visibility has returned to near normal.

Combining this experience with concepts used in systems developed for Veteran
Administration hospitals and new high rise hotels, a system for control of smoke is feasible
Requirements for smoke control are:

I Smoke movement between areas can be controlled if the average air velcitv is of
significant magnitude,

2. Air pressure across barriers can act to control smoke movement;
3. Smoke movement between areas can be controlled if barriers or

ornpartmentalIzation are used.
4. Stack effect, buoyancy, and wind effects are less likely to overcome smoke control

than passive smoke management;
5. Smoke control can be designed to prevent smoke flow through an open doorwav in an

barrier by use of air flow, and
6 An exhaust path for smoke movement to the outside is required

Ship design inherently provides the ability to sat!sfy all of the requirements That is, a ship has
compartments, a ship has fans which can develop pressures and air flows, and a ship has an
exhaust path to weather. The only item missing is engineering to Integrate these parts into a
functioning system. Based on these tests, the guidelines for the Smoke Control Diaorams and
Procedures, the new Main Machinery Space Fire Fighting Doctrine, the Smoke Ejection System
and several other projects evolved
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SYSTEM DEFINITION

What Is the Smoke Ejection System (SES)? The Smoke Ejection System is an engineered
system fully integrating the ship's heating, ventilating, and air conditioning system. It utilizes
the mechanical fans and dampers to produce air flows, pressure differences, and to eject smoke,
heat and toxic gases from the ship to the weather.

SYSTEM FUNCTION

How does the Smoke Ejection System work? On a ship having the Smoke Ejection System
(SES), the smoke can be controlled In areas serviced by a fresh air supply duct and an exhaust to
the weather. This area may be a single space or multiple spaces. We define this area as a smoke
control area A simple single space smoke control area is shown in figure 7. The fire scenario
tor a ship having SES is

I Fire detection;
2. Set the smoke election system (close the air supply damper)
3. Try to extinguish the fire (on site personnel, if present; failing-to do this, retreat

from the area),
4. Secure all hatches and doors;
5 Form fire parties, re-enter the fire/smoke area;
6. Extinguish the fire; and
7 De-smoke

The fire fiohlers will encounter only minimal smoke, visibility will not be impaired,
temperatures will be lower than those presently encountered and the fire fighters will proceed
rapidly to tne seat of the fire Presently, we have targeted the second flight of the DDG 51 Class
for the Smoke Ejection System (SES). Applying this concept to the )DG 51, Frame 126-174,
First Platform, figure 8, we find four (4) smoke control ar'-s: Port Passage, Starboard
Pas ie, Communications and Radio Transmitter Room and CSER 2. The HYAC for these areas
under normal operation, figure 9, item (a) and during fire fighting operations, figure 9, Item
( ', differ only in that the air supply to the fire compartment, Communications and Radio
iTransmitter Room is secured The + signs, figure 9, item (b) indicate that the adjacent soaces
will eventually develop a slightly higher pressure than the fire area.

SY.TEr-I IMPACT

Whry use a Smoke Eject ion System? As shown earlier using the smoke control diagrams
and procedures we are able to confine smoke to a perdetermined zone. The zone is in most cases
very larqe The number of actions required to set this zone are also numerous. An examDle of
using the smoke control diagrams and procedures for the DDG 51 Is shown in figure 10, item
(a) and the list of actions required by the sailor Is shown In figure I I, Item (a). On the other
hand, if we integrate the control and removal of smoke Into the design of the HVAC system of the
ship, the SES, minimal changes are required, and the impact on space, weight and cost is small
In this system, the smoke is conlined to the area of origin and only one action is required -
secure the air supply to the area This concept is pictured in figure 10, Item (b) and the

* 1,1



actions required to establish this condition are listed in figure I I , Item (b). When we compare
the DOG 51 with collective protection system (CPS) to the DDG 51 with SES, figure 12, we find
that the survivability of the DDO 5 1 Is Increased.

PLANS

A Smoke Ejection System for one fire zone has been designed for Installation on the
Advanced Fire Research Ship, Ex-USS SHADWELL. The fire zone utilizes from the Bow to Frame
36, ( 144 feet approximate) and Includes the superstructure decks, The system design provides
large smoke ejection capability, 1200 cubic feet per minute or greater, for critlvl area such as
the Combat Information Center, Communications and Radio Transmitter Room, etc. and provides
the option to Increase the exhaust capability to all spaces to a minimu, of 500 cubic feet per
minute, Three collective protection systems (CPS) will be Integrated Into the smoke ejection
system. Two CPS systems will provide the normal fresh air ventilation for the spaces and the
third system Is the ventilation for a galley. Although the Installation on ty Advanced Fire
Research Ship Is generic, a comparison matrix of spaces with typical spe.. . on the DOG 51•
pressure zone/fire zone 2 has been made In table 3. Thlc comparison shows that the size of most
DDG 51 spaces can be approximated on the test ship, 1 k location may vary In some cases.

Installation of the system on the Advanced Fire Research Ship will be completed In June
1987. Installation of test equipment d instruments should be completed by January 1987 and
the first test should begin shortly thereafter. We will fully test the system using both chemical
smokes (non-destructive) and live fires. Operation of the system is manual and we will
integrate the sailor/fire fighter into the tests.

1.
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Figure 9. HVAC for DDG 51. First Platform,
Frame 126 - 174

Item (a) Normal Ventilation
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PROJECTED AREAS
OF SMOKE INVOLVEMENT

FIRE SCENARIO: COMMUNICATIONS CENTER/RADIO

XMTR ROOM FIRE

PRESENT PROPOSED
DESIGN DESIGN
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DDG.51 FIR[ ZONE NO. 2

Figure 10. Projected Areas of Smoke Involvement
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