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ALTERNATIVE AFTF
PROPORTIONING SYSTEMS FOR THE SSN 21 DESIGN - T&E

Z. INTRODUCTION

The Aguecus Film Forming Foam (AFFT) fire suppressicn
svstems provosed for flammable liguid fuel hazards on the SSN
27 (including the diesel auxiliarv generator space, lube oil
bay bilge and aft hyvdraulic plant) require proportioning
systems to inject 3% AFFF concentrate intc seawater systems to
Create AFFr solution at sprinkler systems and hose stations.
Alternative proporticning systems which utilize an
air-oressurized concentrate storage tank are being evaluated.
Cne candidate propcrtioning system uses orifice metering plates
<o proportion AFFF at each seawater injection point (i.e.,
sprinkler system or hose station.) An alternative system uses
an in-line balanced pressure prcovortioner and ratio controllar
IO proportion AFFF over a range of system demands.

)

The objective of this report is to provide an interim
analysis of the alternative proportioning systems, tased cn a
review of the propcsed designs and results of ccnceptual
testing of the svstems.

ZI. TECHNICAL DESCRIPTION

A. General

As now envisioned, the AFTF firefighting systems will ke
supplied frem the on-pboard seawater flushing svstem. This is a
new cconcept compared to the S3N 688 class design, where
3eawatar fire nose stations are supplied directly from the trinm
discharge neader. AFFF concentrate storage tanks, locatad
forward and aft of the reactor compartment, will be pressurized
Irem available service air systems to inject AFFPF concentrata
1nte Dranch lines serwving AFTP sorinklers and hose staticns.

It 15 anticipated that 2ach ccncentrats fank will ce
crassurized at 3.79 kg/cmd (125 9si), which will =2liminatz th=
need Ior concentrate pumps typically found in surface ship AFFT
iesigns. A schematic c¢f the proposed svstem, develcped Zv
NAYEZA 30YE2, is shown in Fig. 1. Conceptual schematics of %he
Zwo Ccancdidate proportioning systems are shewn in Fig. 2.
Manuscript approved February 26, 1986.
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It is currently estimated that =ach concentrate %“ank will ke
sized £or 5 minutes of agent agrlicaticon wnen the largest
sprinkler svstam and two 3.81 cm (1-1/2 in.) handlines ares
operatinc s:imultanecusly. Tentative criteria have been
@stablished to provide AFFF hose stations sc that any point can

roem at lesast two hose stations with 15,24 m (30

be reached
Zt.) of ho

The seawater service pressure, surplied from either the
£lushing water or trim discharce header, has not been
finalized, and it is not known whether this pressure will be
relatively constan%t (e.g., 3.32 kg/cm2 (50 psi) £rom the
Zlushing water system) or variable as is the case in the S&SN
688 design whers trim discharge pressure is increased (through

ir cressurizacicon or pump act:ivation) in the event of a fire,.
Testing has assumed a variable seawater service pressure at the
AFFF injacticon point of 2.11-7.03 kg/cm? (30-100 psi), and a
trate :injection of 8.79 kg/cm<¢ (125 psi).

NAYV3EZA has established two criteria which are important in
he cverall conceptual development of the proportioning svstem:
FTF hcse stations must have seawater-only capability at any
given time; and, ACFF may not be intrcduced into the primary
- = -

4

in discharge or Ilushing water lines.

3. Orifice Plate System

.

The crifice. metering plats systam uses a single-user
injecticn zoint methed of proverticning AXFT An AFFT
concentrate line from the concentrate tank would supoly AFFT o
an crifice plate at each hose stat-on or sprinkler system. The
oriiice diametar of each plarte would be sized for 3% AFFF
provortioning, zased on the pressure differential! between the
ccncentrata line prassure and seawater firemain pressure at the
intecticn goints, and flow demand of the aczzle or sprinklers,

C. In-line Balanced Pressure Proportioner

4

The in-line balanced pressurs proportioner system is a
sentral orceoertioning system with a single concentrata
intection zcint, tased on the same concepts dﬂ-yh appl- to the
calanced oressure proportioner currentlyv specif f{cr surface
ships. A racgulating valve is located in the concent:a:e supply
iine. 2Pilgct lines connected £o the upstream side cf the
seawatar supely and Zownstre2anm side of the concentracts 3uUDDLY
tnronzle fzgen or clzse) the ragulating dilaphragm to creada
2g1aL 1nlaT Sr2ssuras 3T the rntegtion peint. A ratic
JenIroll2ar with an internal orifice plate s:ized Zor 3% AFFT
cropertioning Ls installad at the injection scint and
CrceerTisns the ArTT at 3% over a range of flows. Unlixe +<he
sarface snip calanced prassure cropeorticrer, the 1n-line
calanced gressure progortioner does not have a concentrate
razurn line cack T2 <The tank. The throttling wvalve grens as
Zemard Lncr=2ases and closes a2s demand decr=2ases; the opogsita
15 True nn the surface ship ralanced Drassur2 SrocortTicniac
3/5T2n wner2 the regulating valve 1s lLccatad 1n =he concentratsa
ra2turn line,
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A pressure regulating valve and ratio controllers
manufactured by Feecon Corp. are being used in thesa tests.
Similar commercial units are availakle from other vendors.

III. TEST RESULTS

2

Orifice Plate System

A series of tests were conductad to confirm the feasibility
the orifice metering plate injecticn system. Straight-edged
ifice plates were fabricatad to oroporticn AFFF based on flow
tes being used in concurrent t2sting of sorinkler nozzles.
and 2 show proporticning and orifice coefficient of
d‘scharge Cg data for 4 orifice diameters testad using fresh
watar. The data confirm that the pressure differential
between the concentrate injecticn line and the firemain is the
governing factor on ccncentrate Ilcw for a2 given orifice.
Concent ate *low is not sensitive to seawater Ilow. Average Cg
Zor all tes was 0.74.

11 00
o,

[
)
—
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]

In order Ifcr an orifice plate system to be efficient, th
concentrate/firamain pressure differential must remain
relatively constant., An example of the change in AFFF
cconcentrate resulting from varying oprassure dififerentials for a
Given orifice vlate is shown in Figure 3. 1In these tests, flow
vas held constant as prassure differential was varied. In an
actual sukmarine situation, flow will also change as firemain

% 3 v-n—-c:q

oressurs changes, which in turn will effect ART
concentration. The impact of this is shown in Table 3, which
is 3 calculaticn for determining the crifice plate and AFFF
concentra2ta storage requirements for a 3.81 ¢cm (1 1/2

in.) diameter hcse line at various cressures. This example
shcws the rnefficiency of the crifice plate design (i.e.,
overdesign reguirements) when there is a large firemain
rassure varliaticn.

Hl

Tast £ crifice platss were also conducted %o determine the
accuracy in calculating the orifice plate diameter for 3%
srecportioning. for a given crifice plate diameter and solution
Zlow rate, reqguired pressur= differenti=l for 3% concentrate
£low was calculated, and then testad using water %o detarmine
the accuracy of the calculation. Data in Table 4 shows good
azgreement cetween actual and calculatad results.
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136 lpm (36 gpm)

189 lom (50 gpm)

CONCENTRATE

[$74
/
(0]
o

284 lpm (75 gpm)

! 1 ! ] *
M PRESS. 1C0 75 20 25 0
AP 25 50 75 100 125

nsi

AP = CONCENTRATE PRESS.-
FM PRESS.

Fig. 3 — Proporzioning tests using 3.7Amm (0.148 in.j orfice
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3. In-line Balanced Pressure Proportioner

A series of tests was conducted to confirm the conceptual
feasibility of an in-line balanced pressure proportioning
svstem. Tests using water have been completed for 5.8 cm (2
in.) and 7.62 cm (3 in.) diameter ratioc controllers designed to

-

proportion at 3%. The data in Tables 53 and 6 indicate that:
1. Proporticning is constant over a range of demands;

2. Constant proportioning is independent of pressure
differential; and

3. Friction loss across the unit increases as flow
increases, but is within acceptable limits for
applicaticn to the SSN 21 design.

It was noteé in scme of the 7.82 cm (3 in.) ratio ceontroller
tasts that there was a slight pressure gain across the unit,
orcbably due to the high injecticn oressure. When water only
is flowing through the ratio controller (i.e., no ccncentratsa
injection), cthe oprassure drop is higher. A complets set of
water-only data would ce required if the unit is used on
submarines, since this i1s a possible scenario.

C. Evaluation of Proportioning Systems

is an evaluation of the two prorortioning systems
ect to simplicity, proportioning efficiency,
erational efficiency, reliability, general space,

d cost factors. The corifice plate system is the more
stem, but suffers in proportioning efficisncy if the
potential Zor a wide range of flows and pressure differentials
exist. 3oth systems can bpe considerad reliable, kut have
specific design cdetails which reduce overall reliabilitv.
Additicnal check and isclaticn valves are required in *he
orifice piate system, while supply piping is larger in the
balanced pressurs proportioning system.

From a design and operational standpoint, the balanced
oressurs groportioner has design f£eaturss which significantly
reduce its eificiency if the requirement to hava combinaticn
seawater and ArrFT stations is maintained.
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Table 7 — Evaluation of orifice plate and balanced pressure porportioning systems

FACTOR
1, Simplicicy

2. Proportioning Efficiency
a. Variable flow/
pressure differencial
b. Relatively constanc flow/
cressure differencial

3. Omsign/Operaticnal
efficiency

4. Reliapilsity

S. Generzl Space, weight,
Cost

CRIFICE PLATE SYSTEM

vVery simple

Inefficient at larye Il
and pressure differencials
Inproved efficiency

Hose stations can eas.ly
low seawater cnly

with a minumgm Jmpact on
design

Small crifice diameters fcr

irdividual injection pounts

may be easily clogged

O Fine mesh strainers may e
required-urpact on oconcentrate
pressure due %o fricTion loss
acToss strainer

impact of friction loss cnharac-

teristics cver t.ine, L1.e., a3 pipes

detariorate with age, friction lcss

characteristics may change, which may

result in lnefficient proportioning

Additicnal check/backflow preven-
tion ¢ gate valves requuired

because each discharge station

is connected to the seawater supply
Possible agent storage .ncrease

£ potencial for large concentrate/
seawater pressure cifferential exists

BALANCED PRESSURE PRCPCRTIONER

Siurple

Excellent efficiency

Excellent efficiency

Signaficant design uTpilcations

for canoined seawater aniy

and AFFF capapil:%

O Wet pipe system - slug cf seawater
.0 the line wnich must oe
discharged prior to AFFF flow at
the appliance - hugnly undes:rac.z2

o Ory pipe system (considered
undes rable Sy NAVSEA}
-less rel:acle
-slignt delay :n agent f_ow
S Once AFTF .s wntroduced I systen,
seawater only capabllity .s lost
-the alternat.ve .s %0 <reate,
in effect, separate AFTT
and seawater nranchiines to
aach dual agent stat.on

Omac end system - single valve
fajlure at “he conneclion O he
Seawater supply resuits .(n he
loss of the entire AFTF system

larser supply pipe size requarad
from central (njeczion point o
individual discrarge outlets-thLs
lin@ 13 an AFFTF sclution lire
instead of a concentrate lihe
3alancing valve and ratic contocol-
ler .rstead of crifice piates

oy
-,

-
o
.

D

P,

5
s

3
[}

[ 2
(%)

» s >
.
v e

s

Ty ’
2t
‘e
DA

e




IV. ALTERNATIVE SYSTEMS

*

Two additional alternatives to orifice metering plates have i:
been identified for distributed single-user injection points. in
An automatic flow centrol valve has been ordered for wl
evaluation. This diaphragm operated valve may be able to s

maintain a constant f£low of AFFF concentrate over a range of
differential pressures. This may reduce overdesign
regquirements as shown in Table 3 (i.e., flow rate will not N
increase as pressure differential increases). The effective o
free area of the orifice opening may alsc be larger than the
ovening in an orifice plate for the same design point, which
could reduce the possibility of clogging and increase
reliability.

Akron 3rass Co. is working on a modified eductor o
proecortioning concept. Their goal is to create an eductor S
which will proportion concentrate (injected under pressure) el

within a relatively na-row range (e.g., 3-53%) over a range of
pressures and flows, while maintaining relatively low pressure
drop across the unit. NRL will maintain contact with Akren to
x2ep apbreast of this developmental work.

V. SUMMARY

The AFFF fire suppression systems propcsed for Zlammable
liguid fuel hazards on the SSN 21 regquire proporticning systems )
to inject 3% AFFF concentrates into seawater svstems to create o
AFFF solution. Alternative proportioning systems each of which -
utilizes an air-pressurized concantrate storage tank are being
evaluvated by the Nawval Research Laboratory (NRL). One
candidate system uses multiple single-user injection points
(e.g., orifice metering olat s) to proportion ArTF at =ach hose
station or sprinkler system. The nther syvstem, wnich uses an
in-line balanced pressure proportioner and ratio controller, is
desicned as a central system wnhich can proportion over a range 0
of demands.

Proportioning using the orifice plate system is pressurs
sensitive and not flow sensitive. As pressure differential
betwean the injected concentrate and seawater increases, flow
rate incra2ases. If pressurs differential can varyv considerabply
during operation, ASTF flow and storage regquirements must e
overdesigned to meet the lowesc design point, i.2., 3% at the
smallest gsressure differsntial., The size of the crif:ce in the
crifice glate design mav e s0 small (=.g., 2.3 cm (J.1 in.)
iza.) that clogging c¢i the orifica ccould ze a croblem.

Proportioning using the kpalancing valve system 1s Ilow
sensitive. A staady level of % concentrate is maintained over
a range of ZIlcws. The use of a central prceportioning svstem
creates, i1n effect, a separate Ar¥F Iiramain system. The
central oroportioning system allows nore effactive use of AFTF
concentrate, dut significant Zesign and coeraticral orceoblems
result from Zhe raguirement %o nave s=2awater cnly capabilitv at
AFTT hose stations.
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Future RID work will focus on the single-user injection !
) point system. Two additional single-user injection point Oy
systams may be available Zor testing in the near future. :
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