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1. Introduction

US Department of Defense (DOD) platforms can be vulnerable to fires from the
stowed energetics on the platforms. Historically, the main concern has been fuel
and ammunition due to the large volume of these stowed energetic materials.
Hydraulic and lubricating oils are also of concern and more recently, energy-dense
lithium (Li)-ion batteries. Advancements in vehicle development, new threats,
emerging technologies, and regulatory changes can introduce new fire hazards. As
a result, research and development efforts in vehicle fire protection can vary widely
over time.

This report documents a 2-day Fire Protection Information Exchange Meeting held
May 10-11, 2017 at Aberdeen Proving Ground, Maryland. The meeting was jointly
hosted by the US Army Research Laboratory (ARL) and the US Army Tank
Automotive Research, Development and Engineering Center (TARDEC). The
purpose of the meeting was to provide a community forum to discuss current and
emerging fire hazards on military platforms and methods to prevent or extinguish
those fires. This is third fire protection meeting the 2 organizations have hosted.'
The community agreed that these meetings should be held every 18 months.

Over 100 people attended the meeting, which included presentations from the
following:

US Government
« ARL
« TARDEC

« Office of the Assistant Secretary of the Army for Acquisition, Logistics and
Technology (ASA-ALT)

« US Army Aberdeen Test Center (ATC)

« US Environmental Protection Agency (EPA)

« US Naval Research Laboratory (NRL)

« US Naval Air Systems Command (NAVAIR)
« National Transportation Safety Board (NTSB)

« US Army Natick Soldier Research, Development and Engineering Center
(NSRDEC)

« US Marine Corps (USMC)
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Industry and Academia

Alion Science and Technology

California Institute of Technology (Caltech)

Jensen Hughes

Kidde

Meggitt Polymers and Composites

Southwest Research Institute (SWRI)

University of Cincinnati

University of Maryland

UTC Aerospace Systems

Foreign contributors

Other participants who attended, but did not present, include:

Ministére de la Défense

US Army Research, Development and Engineering Command (RDECOM)
US Army Aviation and Missile Command (AMCOM)

Naval Sea Systems Command (NAVSEA)

Naval Surface Warfare Center (NSWC)

Program Executive Office Land Systems (PEO-LS)

US Army Medical Command (MEDCOM) Public Health Center (APHC)

Industry and Academia

O

O

O

O

3M

A-Gas Americas

ADI Technologies Inc.
AMEREX Defense
AMETEK Ameron LLC
AMPAC- Halotron

Boeing
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2.

The agenda for the meeting is in Appendix A, and a list of the participants and their

Catholic University

The Chemours Company
Emerson/Spectrex

ESSPI

FireTrace

Halon Alternatives Research Corporation (HARC)
Hazard Protection Systems Inc.
High Impact Technologies
Magam Safety

Rodgard

SURVICE Engineering Company

Wesco

Presented Talks Summary

contact information is in Appendix B.

2.1 US Army TARDEC

2.1.1 Steve McCormick

Steve McCormick provided an overview of military vehicle fire protection. Ground
vehicle fire statistics were given along with current areas of research in vehicle fire
protection. Approximately 1.5% of all attacks on vehicles from 2007 to 2012 led to
fires, producing 220 casualties. Accidental fires are also a concern resulting in 40

casualties from 2002 to 2012. Areas of research include:

Development and evaluation of alternative, more environmentally friendly,
fire suppressants to replace Halon 1301, hydrofluorocarbon (HFC)-227ea,
and HFC-125;

Fuel tank protection technologies to provide multi-hit survivable fuel tanks;

Development of fuel tank protection standards;
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« Li-ion battery protection to protect the crew and vehicle from the heat and
potential toxic gases from a Li-ion battery thermal event; and

« Development of computational fluid dynamics (CFD) simulations to
address peacetime and combat fire threats for ground vehicles.

Also discussed were 2017 Congressional Taskers on fuel tank protection and fire
suppressant and fuel tank standards.

2.1.2 Dr Vamshi Korivi

TARDEC’s fire suppression modeling effort was presented by Dr Vamshi Korivi.
TARDEC has developed a unique physics-based modeling and simulation
capability using CFD techniques to optimize automatic fire extinguishing system
(AFES) designs and complement vehicle testing for both occupied and unoccupied
spaces of military ground vehicles. The modeling techniques are based on reduced
global kinetics for computational efficiency and are applicable to fire suppressants
used in Army vehicles. These CFD simulations enable the Army to assess AFES
designs in a virtual world at less cost than physical-fire tests. This methodology is
applied to vehicle crew compartments for multiple scenarios using HFC-227ea +
sodium bicarbonate (SBC) powder, which is the suppressant combination used in
most US combat and tactical vehicles with crew fire protection systems. Predicted
and test results match qualitatively very well for overall suppression time as well
as for soldier survivability from thermal injury, blast overpressure, and inhalation
toxicity risks. This fire suppression modeling methodology is now being applied to
the geometrically more complex military vehicle engine compartments with HFC-
125 fire suppressant that is widely used for unoccupied spaces.

2.2 US Army TARDEC/Alion Science and Technology

2.2.1 Dr Steve Hodges

Dr Steve Hodges spoke about the use of SBC dry powder agent to enhance the
performance of gaseous fire extinguishing agents. In the 1990s it was demonstrated
that SBC was a more effective fire suppression agent (by weight) than HFC-227ea
by a factor of 2 to 10. In 2000, TARDEC reported that HFC-227BC, a mix of HFC-
227ea and SBC, was an effective Halon 1301 replacement. Exploratory tests
conducted by TARDEC showed that using SBC alone risked reflash, and that using
a mix of SBC dry chemical and a gaseous agent performs better than either agent
alone. Experiments by NRL show that nanoparticle SBC performs better in
handheld fire extinguishers than larger, regular SBC. The low global warming
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potential (GWP) fire suppression agent development project plans to test SCBs in
full-scale AFES tests involving 3-D fuel-spray fires.

2.2.2 Dr Doug Mather

Dr Doug Mather spoke about the strategies used for evaluating alternate materials
as replacements for the high-GWP extinguishing agents currently deployed in
ground and aviation weapon systems. A review of recent agent development
programs for HFC SBC blended agents was discussed, as well as strategies for
evaluating short atmospheric lifetime fluorocarbon candidates. Test methods used
in the evaluation included: 5/8ths cup burner, pan fire testing with JP8, hidden fire
test chamber with n-heptane, and 8-ft* chamber testing. Commercial and
noncommercial short atmospheric lifetime candidate compounds were examined
mixed with SBCs.

2.3 US Army Aberdeen Test Center

Dan Kogut presented on ATC’s test strategy for the evaluation of low-GWP
alternative fire suppressants. Testing included brill cell and tube furnace tests to
determine the products of combustion, and test chamber and pan fire testing to
assess agent characteristics and abilities. Due to limited quantities of some agents,
ATC developed an 8-ft* enclosed chamber to test the extinguishing abilities of the
agents. Once the minimum effective extinguishing concentration was determined
in the 8-ft> chamber, SBC was blended into the agent to characterize the potential
effectiveness of a particular compound as a total flooding agent. ATC constructed
a hidden fire test chamber to use as a direct comparison for previous testing
conducted by Kidde (Mebane, North Carolina) and the Federal Aviation Agency
(FAA). The test is used to determine the effectiveness of an agent at extinguishing
fires outside the direct path of discharge. As the testing at ATC progresses, if a
particular agent or agent blend is deemed viable, additional testing to include
handheld fire extinguisher optimization, pan fire testing, AFES testing, and larger
scale total flood testing may be conducted.

2.4 US Army Natick Soldier Research, Development and
Engineering Center

Thomas Tiano presented on NSRDEC’s flame- and thermal-resistant materials
development program. The goals are 2-fold: perform a front-end analysis (FEA) for
flame-resistant (FR) clothing and develop technologies for FR fabrics that will
replace or supplement the fabric presently used in the FR Army combat uniform
(ACU). A result of the FEA is a database that consolidates the FR needs of soldiers
based on burn injury data and threat exposure based on environment, mission, and
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current and near-future threats. Flame-resistant material test methods were
discussed along with the results from testing several FR fabrics. This effort will
improve the performance-to-cost ratio of current FR military materials in ACUs
such as the FR-ACU.

2.5 US Army Research Laboratory

2.5.1 ARL Vehicle Technology Directorate: Dr Jacob Temme

Dr Jacob Temme presented on the effects of fire-mitigating fuel additives on fuel
sprays and combustion. The Army has a wide range of propulsion systems
including rotary, piston, and gas turbine engines. The large quantities of
combustible fuels for the propulsion systems in combat vehicles make them
susceptible to fires. ARL is collaborating with Caltech on investigating the spray
and combustion behavior of megasupramolecules. Megasupramolecules are ultra-
long polymers that inhibit ignition of fuel spray/mist during an accidental release.
In initial diesel engine tests there was no loss of performance when these additives
were added to the fuel. The collaborative effort will investigate why these
molecules inhibit ignition in some cases but not others. Experiments will be
conducted to measure the detailed spray breakup and atomization, spray
vaporization, autoignition events, and forced ignition events of fuels with this
additive.

2.5.2 ARL Weapons and Materials Research Directorate:
Dr Barrie Homan

Dr Barrie Homan gave an overview of ARL’s fire protection mission program.
ARL’s efforts are currently focused on the characterization of fuel spray from fuel
tanks due to ballistic events. The hydrodynamic ram induced aerosolized spray is
highly combustible and a major source of fire. This capability is of interest to
TARDEC for the development of a CFD capability for modeling suppression
events in ground combat vehicles. Stereo imaging of the fuel spray is showing
promise as a characterization technique. An algorithm is being developed to process
the stereo images and has provided a reasonable reproduction of ground-truth data.
Further improvements to imaging and processing techniques are underway. A
300-ft*> ground vehicle mockup has been built and will initially be used to examine
the flame growth from ballistic events inside a ground combat vehicle. Follow-on
studies will examine the effectiveness of AFES systems and extinguishing agents,
and examine Li-ion battery reactions in a confined space.
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2.5.3 ARL Weapons and Materials Research Directorate: Kevin Boyd
(Li-ion Battery Vulnerabilities)

Kevin Boyd presented his work on Li-ion battery vulnerabilities. A proof-of-
principle fire suppression system was discussed in which an extinguishing agent
flooded a battery compartment at the first sign of thermal runaway. There was a
significant reduction in the overall severity of the fire event; however, there were
still a large amount of combustion products. The combustion products from 2
Li-ion battery chemistries were sampled in a confined space to assess their
toxicology. Smoke and combustion products quickly filled the space. Preliminary
toxicology analysis shows that depending on the battery chemistry, the combustion
products ranged from a nuisance level to deadly for a crew. It was concluded that
Li-ion batteries should be in a robust battery compartment that is vented to the
outside of any confined space.

2.5.4 ARL Weapons and Materials Research Directorate: Kevin Boyd
(Refrigerant Flammability Evaluation)

Kevin Boyd presented the results of ARL’s refrigerant flammability evaluation.
The goal is to examine the flammability of low-GWP refrigerants when subjected
to ballistic events. Initial experiments were conducted with bulk samples of
refrigerants and the lessons learned were then applied to system level evaluations.
Bulk samples of R134a, R1234yf, and R290 (propane) were evaluated. Fires were
observed with R290, but not with R134a or R1234yf. R134a and R1234yf were
then evaluated in a mobile air condition system configuration. No fires were
observed with R134a, but fires were observed with R1234yf in the system
configuration. Follow-on evaluations will be conducted to examine the effect of
compressor oil on fires with R1234yf.

2.6 US Marine Corps

Jaspal Brar presented USMC topics relating to AFES-related mishaps that caused
death or injury. AFES bottles are under very high pressure and when they are
inadvertently discharged without being constrained, the stored energy can cause the
bottles to fly through the air striking individuals with considerable force. Injuries
and fatalities have occurred when proper safety precautions are not followed. Other
topics included seized antirecoil plugs, and the inability to install antirecoil plugs
due to plumbing or adjacent components being in the way. Antirecoil plugs prevent
a bottle from accidentally discharging. Engineering and design suggestions
included reducing sharp corners that may result in death when struck by a bottle,
safety provisions for removing AFES bottles, improved bottle bleed-down
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procedures, and improved electromagnetic interference protection. An analysis of
88 fire events in mine-resistant ambush-protected vehicles was also given.

2.7 US Naval Research Laboratory

2.7.1 Dave Kessler

Dave Kessler presented his work on modeling the dispersion of the fire suppression
agent ejected from the AFES in the US Marines' medium tactical vehicle
replacement (MTVR) by performing simulations coupling 1-D network models of
multiphase pipe flow and 3-D compressible flow. The 1-D multiphase simulations
model the flow within the AFES piping network and provide inlet conditions at the
discharge nozzle for 3-D simulations of the compressible gas dynamics of the flow
exiting the nozzle region and dispersing throughout the MTVR. The geometry of
the distribution nozzle causes the flow to accelerate to supersonic speeds. The result
is a strong, narrow jet directed into the MTVR dashboard, which leads to a unique
dispersion pattern dictated by the cabin geometry. Two thermodynamic models of
the discharge suppressant material were presented: a single-phase model with
instantaneous evaporation at the nozzle and a homogeneous multiphase model. A
comparison of the jet structure obtained using the 2 approaches was presented and
the merits of each were discussed.

2.7.2 Bill Szymczak

Bill Szymczak spoke about NRL’s work to bring the impulsive acoustic noise level
of the AFES in the MTVR down to a level where hearing protection is no longer
required (140 dBP). Two significant noise sources were identified: the tank squib
valve (~160 dBP) and the supersonic discharge flow (~154 dBP) at the nozzle. An
AFES laboratory simulator was developed to emulate these noise sources and
develop mitigation techniques. A Sorbothane (Kent, Ohio) sealed valve enclosure
was experimentally shown to reduce the noise level by approximately 20 dBP. The
supersonic flow was modeled to optimally design a manifold with volume
expansion, perforated screen barriers, and multiple nozzles. The experimental
results show manifold flow noise reductions on the order of approximately 12 dBP.
These attenuated impulsive noise levels now fall in a range where hearing
protection may no longer be required.
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2.8 US Naval Air Systems Command

2.8.1 Mike Cosgrove

Mike Cosgrove spoke about NAVAIR’s effort to find a replacement for Halon 1211
in flight line fire extinguishers. Halon 1211 has been banned by new environmental
regulations. Multiple alternative agents were evaluated and the Navy initially
selected Purple-K with carbon dioxide as an alternative; however, it is now causing
unexpected levels of collateral damage. As a result, the Navy is now implementing
a performance-based clean agent requirement for flight line fire extinguishers.
Clean agents will be rolled out on an attrition basis until funding is available for
large-scale replacement.

2.8.2 Ryan Arthur

Ryan Arthur spoke about the Navy’s new gas analyzer capability for fire
suppression testing. Mr Arthur gave an overview of NAVAIR’s aircraft fire
protection team that is responsible for providing the engineering technical expertise
for all US Navy on-aircraft fire protection systems. NAVAIR recently procured a
fire extinguisher gas chromatograph (FGC) that is used to measure fire suppressant
concentrations for system qualification purposes. The FGC works by continuously
pulling sample gasses from up to 12 locations and using individual detectors to
measure the concentration of a suppressant agent. This equipment can be used for
developmental testing in a lab environment or system qualification on aircraft
during flight. Although it was designed for uses in aircraft engine and auxiliary
power unit bays, its capabilities could extend to testing ground vehicles and larger
bays that use gaseous fire suppression agents.

2.9 US National Transportation Safety Board

Joseph Panagiotou gave an overview of the NTSB’s history, structure, and mission.
The NTSB investigates accidents involving aviation, railroad, marine, highway,
pipeline, and hazardous materials. Recent fire issues in the various modes of
transportation were discussed.

2.10 US Environmental Protection Agency

Margaret Sheppard from the Stratospheric Protection Division of the EPA gave an
overview of its Significant New Alternatives Policy (SNAP) Program. Section 612
of the Clean Air Act directs the EPA to evaluate and list substitutes for ozone-
depleting substances (ODSs) that reduce overall risk to human health and the
environment. In addition to ozone depletion potential and GWP, the EPA considers
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flammability, toxicity, local air quality, ecosystem effects, and occupational and
consumer health safety. SNAP has reviewed 400+ alternatives since 1994. There
were a total of 75 listings for fire suppression, with 70 acceptable substitutes and 5
unacceptable. Federal acquisition regulation was discussed as it relates to HFCs.
When feasible, the federal government will procure alternatives to high-GWP
HFCs and will refer to SNAP for the current list of acceptable alternatives. Next
steps include expanding the SNAP acceptable list, developing the next SNAP
notice for acceptable listings, and developing the next SNAP rule to include
alternatives that are acceptable with use restrictions.

2.11 Meggitt Polymers and Composites

Randy Fontinakes from Meggitt summarized his company’s products and testing
of self-sealing technologies to prevent fuel loss and passive fire suppressant
blankets to prevent fuel fires from ballistic events. Test results for
20-mm and 25-mm armor piercing threats showed sealing of the bullet perforations
in the tank. Container construction suggestions include using particular tank
materials such as steel and aluminum (no titanium) as well as external (to the tank)
treatments that can maximize the performance of self-sealing bladders. Also, for
fire suppression it was suggested that the best results are achieved with a passive
fire suppression blanket (not panel).

2.12 Jensen Hughes

2.12.1 Gerard Back

Gerard Back presented the efforts by Jensen Hughes (Baltimore, Maryland) on
Li-ion battery shipping and storage container development for the Navy. Mr Back
first gave an overview of Li-ion battery construction, hazards, and types of
reactions. The Navy tested over 30 different types of batteries including 5 specific
to the military. Container designs were discussed to include the joint modular
intermodal container (JMIC) and the JMIC charging station (Garrett Container
Systems Inc, Accident, Maryland), and the Quadcon storage compartment and
work station (CMCI, Charleston, South Carolina). Fire suppression systems for
containers were also discussed, as was a fire containment cover made by AmSafe
Bridport (Bridport, United Kingdom).

2.12.2 Brian Lattimer

Brian Lattimer presented modeling and experimental methods in the study of fire
spread through aluminum structures. Ships are constructed from lightweight
materials such as aluminum and fiber-reinforced composites that behave differently
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than steel in a fire. Fire spread to spaces adjacent to a burning compartment is a
primary hazard consideration onboard ships. Real-time models such as the Fire and
Smoke Simulator are available to predict fire dynamics and material response
during fires. Sequentially coupled models such as the Fire Dynamics Simulator for
fire behavior and Abaqus for structural and thermal response assist in better
understanding behavior and providing higher fidelity predictions. Full-field
measurements are used to provide the nonuniform detail required to understand
behavior and validate models.

2.13 ASA-ALT/Jensen Hughes

Dr Daniel Verdonik gave a regulatory overview of the drivers for low GWP agents
and refrigerants and what has changed in the past 18 months. He provided a history
of the treaties and international agreements that are driving the current concern of
ozone depletion and global warming trends. The United Nations Framework
Convention on Climate Change (UNFCCC) was ratified in 1992. It led to the
development of the Kyoto Protocol that addressed the use of GWP-classified
substances. The Kyoto Protocol expired, and in 2015 the parties to the UNFCCC
approved a new international climate change treaty: the Paris Agreement. The Paris
Agreement was ratified by 114 countries and entered into force in November 2016.

In 1989 the Montreal Protocol was entered into force regulating the production, and
sharing of production, of ODSs and now, high GWP HFCs that are/were the
alternatives to ODSs. On October 15, 2016, the Montreal Protocol was amended to
add high GWP HFC:s to the list of controlled substances. This is known as the Kigali
Amendment; it gradually phases down the global production of high GWP HFCs.
Of military importance are the 100% phaseout of halons and
hydrochlorofluorocarbon (HCFC)-123 in HCFC Blend B, the 100% phaseout of
chlorofluorocarbons (CFCs)/solvents and HCFCs, and the 85% phasedown of
HFCs. The US military has reserves of halons, CFCs, and HCFCs and additional
production can be requested through the Montreal Protocol “Essential Use”
process. Some issues going forward with the Kigali Amendment are that it has not
been ratified by the US, and what happens if it is not? Also, military and industry
needs are diverging and as a result, industry may not make the type and amount of
agents needed for military use.
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2.14 Southwest Research Institute

2.14.1 Dr Nicholas Mueschke

Dr Nicholas Mueschke with the Southwest Research Institute (San Antonio, Texas)
presented his work on gaseous detonations in semiconfined environments. New
power sources and technologies such as Li-ion batteries and hydrogen fuel cells can
generate or vent flammable fuel-air gas mixtures. Depending upon the mixture,
conditions, ignition, and confinement, the resulting fuel-air combustion may result
in a detonation and impart significant blast loads on the environment surrounding
the explosion. The research examined simulated release and subsequent detonation
of hydrogen and methane fuel-oxidizer mixtures into a semiconfined structure.
Different volumes of gas mixtures were detonated in various configurations.
Dynamic pressure loading on the structure was recorded using high-rate pressure
sensors. High-speed video was also used to record the detonation event and measure
detonation wave velocities. Data from these novel experiments are validating new
computational tools used to directly model the detonation of gases and the resulting
overpressures that surrounding structures will experience.

2.14.2 Dr Marc Janssens

Dr Marc Janssens spoke about recent developments in risk-informed performance-
based (RIPB) fire protection of nuclear power plants (NPP) and potential DOD
applications. An overview was given on SWRI’s involvement in fire protection and
also on changes made by the Nuclear Regulatory Commission that led to an RIPB
fire protection program. RIPB fire protection involves extensive use of fire
modeling tools ranging from relatively simple algebraic equations and correlations
to complex CFD codes. It also involves experiments to obtain material properties
and other input data for fire models and model validation. The steps involved in the
transition from a deterministic to an RIPB fire protection program were reviewed,
as well as examples of fire modeling and experimental programs. Analogous DOD
facilities to an NPP may include command and control centers, air traffic control
facilities, munitions storage areas, fuel depots, and other critical facilities.

2.15 UTC Aerospace Systems

Greg Chambers spoke about the ground vehicle fire extinguisher safe valve
developed by UTC Aerospace Systems (Charlotte, North Carolina). An inadvertent
AFES bottle valve actuation can create a hazard if the antirecoil cap is not installed
during extinguisher handling. The sudden release of high-pressure stored energy
will result in violent extinguisher movement, which can cause injury or death.
Accidental valve actuation can occur when safety procedures are not followed and
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from a lack of training. The safe valve prevents the valve from fully opening unless
installed in a vehicle bracket, preventing inadvertent thrust and subsequent damage
and personnel injury.

2.16 California Institute of Technology

Dr Julia Kornfield presented on megasupramolecules, a new class of additives for
lubricants, hydraulic fluids, and fuels. After 9/11, members of Caltech and the
NASA Jet Propulsion Laboratory began looking at ultra-long polymers for mist
control in fuels. TARDEC joined the collaboration in 2011 while looking for ways
to prevent explosively formed fuel-mist fires. Megasupramolecules increase the
droplet size of a fuel mist. The larger droplets result in less fuel vapor available for
ignition during an accident or attack with an improvised explosive device. When
ignition does occur, it results in a small, self-quenching fire and little or no pool
fires versus the large, self-supporting fire with untreated fuel. Megasupramolecules
differ from the previous state of the art in that they are resistant to nonintentional
degradation, soluble over a wide temperature range, permit dewatering and
filtering, and burn in an unmodified internal combustion engine. Threat readiness
level (TRL) testing by TARDEC showed that megasupramolecules have the
potential to provide beneficial effects on compression ignition, viscosity index, and
lubrication. To advance from TRL 2 to TRL 6, a 50% reduction in flame
propagation after ballistic damage to a fuel tank or fuel/hydraulic line should be
demonstrated.

2.17 University of Cincinnati:
Engineering and Scientific Innovations, Inc.

Dr Peter Disimile spoke of efforts in the development of an intelligent, high-speed
fireball suppression technology. Current aviation systems typically work by
flooding the volume of interest with a suppression agent in a one-time event.
Simply flooding the compartment can require longer times and result in inefficient
use of agent materials. Dr Disimile outlined an “ideal” solution that encompasses
rapid fire detection to a measured and dynamic release of agent that addresses the
shortcomings of current systems.

2.18 University of Maryland

James Quintiere spoke on the flammability requirements for military vehicle ceiling
cushioning material. The materials are located in the crew compartment of a
military vehicle and subjected to accidental or war fire ignition scenarios. A test
protocol was discussed to measure the fire thermal and toxicity hazards of the
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materials. The approach is to not adapt standard relative ranking tests without
relevance to the actual fire scenario. Material fire properties are used to judge the
performance of the materials in a fire scenario; the methodology can be improved
with new information. An example process for the evaluation of gray foam was
given.

2.19 Ministére de la Défense (French Ministry of Defence)

Camille Riera from the French Directorate General of Armaments (DGA) was
scheduled to present; however, she was not able to attend the meeting. With her
permission the authors have included her presentation in this report. An overview
of the DGA is included in the presentation and also the capabilities of the DGA’s
Aeronautical Systems (AS) Fire Laboratory. The DGA is responsible for equipping
the armed forces, preparing for the future of defense systems, and promoting
defense equipment exports. The DGA conducts testing and assessment of
equipment and military technologies. The DGA AS material and technologies
group conducts fire behavior testing to include regulatory testing for aircraft and
full-scale testing for the French Navy, Ground Forces, Firefighters, and Air Force.
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Table A-1 Day 1 agenda

Day 1 Title Speaker Organization
Kevin
Opening remarks Boyd/Steve ARL/TARDEC
McCormick
. - . . Steve
1 Overview of US military vehicle fire protection MecCormick TARDEC
Ground combat vehicle fuel system survivability Rand
2 technical capabilities to avoid fires from high level naey Meggitt
Fontinakes
threats
3 Megasupramolecules as fuel additives Dr Julia Caltech
Kornfield
4 Fuel additives Dr Jacob ARL-VTD
Temme
Virtual fire suppression framework for ground vehicles  Dr Vamshi
5 ; ; . X - TARDEC
using computation fluid dynamics Korivi
6 Fuel spray characterization studies DI_rI Barrie ARL
oman
. . . Dr Peter University of
7 Intelligent high-speed fire ball suppression technology Disimile Cincinnati
8 Li-ion battery storage container development Jerry Back Jensen Hughes
9 Li-ion battery assessments Kevin Boyd ARL-WMRD
Evaluation of gaseous detonations in semiconfined Dr Nicholas
10 : SWRI
environments Mueschke
11 NSRDEC update on the dpvelopment of flame resistant Thomas Tiano NSRDEC
uniforms
12 USMC hot topics related to AFES systems Jaspal Brar USMC
13 Making AFES handling safer Greg Chambers Kidde
Assessment of the dynamics of fire suppression agents
14 discharged from the AFES within the cabin of the Dave Kessler NRL
medium tactical vehicle replacement platform
15 Impulsive noise mitigation of marine vehicle fire Bill Szymczak NRL
suppression systems
16 National Transportation Safety Board overview P Joseph NTSB
anagiotou
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Table A-2 Day 2 agenda

Day 2 Title Speaker Organization
Kevin
17 Opening remarks Boyd/Steve ARL/TARDEC
McCormick
18 Halon 1211 flight line extinguisher replacement Mike Cosgrove NAVAIR
19 The new Navy gas analyzer capability for fire Ryan Arthur NAVAIR
suppression testing
20 Regulatory overview of low GWP agents and Dr Dan ASA-ALT/
refrigerants Verdonik Jensen Hughes
Recent environmental regulations issued by EPA
21 concerning fire protection and alternative fire Margaret EPA
suppressants under review by the EPA's Significant ~ Shephard
New Alternatives Policy (SNAP) Program
2 Using sodium bicarbonate dry powder to enhance Dr Steve TARDEC/
the performance of gaseous extinguishing agents Hodges Alion S&T
Strategy for low global warming potential fire TARDEC/
23 suppressants identification Dr Doug Mather Alion S&T
24 Low global warming potential fire suppressant Dan Kogut ATC
testing and evaluation
25 Flammability of low GWP refrigerants to ballistic Kevin Boyd ARL
threats
26 Fire spread through aluminum structures Brian Lattimer Jensen Hughes
Recent developments in risk-informed performance- Dr M
27 based fire protection of nuclear power plants and Jarn arrlc SWRI
potential applications for DOD SSEns
Test protocol for assessing the fire hazard of ceiling Dr James G University of
28 . P
materials Quintiere Maryland
Questions and Comments All
Future Plans All
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Table B-1 US Government

Organization Name Email Phone Participation
TARDEC Mcgtgrvrg . steven.j.mccormick.civ@mail.mil ggc ~65 5¢10) Presenting
zﬁ(iDSE 8?”1/“ Steve Hodges steven.e.hodgesl.ctr@mail.mil 805-455-5777  Presenting
ARDEC, Doug Mather jdmather@gmail.com 206-973-7457  Presenting
TARDEC  Vamshi Korivi ~ vamshi.m.korivi.civ@mail.mil =~ 586-282-5473  Presenting
TARDEC Joshua Fritsch ~ joshua.r.fritsch.civ@mail.mil ~ 586-282-7827  Attending
TARDEC  Andrew Schultz andrew.w.schultz6.civi@mail.mil 586-282-5075  Attending
ARL-WMRD  Kevin Boyd james.k.boyd.civ@mail.mil 410-278-2505  Presenting
ARL-WMRD  Barrie Homan barrie.e.homan.civ@mail.mil ~ 410-306-0932  Presenting
ARL-WMRD  Travis Payne travis.j.paynel2.civ@mail.mil  410-278-6544  Attending
ARL-WMRD  Mike Keele michael.j.keele.civ@mail.mil ~ 410-278-0215  Attending
ARL-WMRD  Don Hogge jack.d.hogge.ctr@mail.mil 410-278-2042  Attending
ARL-SLAD Dave Lowry david.s.lowry.civ@mail.mil ~ 410-278-5273  Attending
ARL-SLAD Fred Marsh  frederick.a.marsh2.civ@mail. mil 410-278-9271  Attending
ARL-SLAD Linda Moss linda.l.moss6.civ@mail.mil 410-278-6513  Attending
ARL-SLAD Jamie Edwards james.e.edwardsl14.civ@mail.mil 410-278-2467  Attending
ARL-SLAD  Andrew Bajko  andrew.c.bajko.civ@mail.mil ~ 410-278-7867  Attending
ARL-VTD Mike Kweon chol-bum.m.kweon2.civ@mail.mil 410-278-9319  Attending
ARL-VTD  Jacob Temme jacob.e.temme.civ@mail.mil ~ 410-278-9455  Presenting
ATC Brian Kocher brian.t.kocher2.civ@mail.mil ~ 410-278-0328  Attending
ATC Kevin Dowell ~ Kevin.l.dowell2.civ@mail.mil 410-278-0212  Presenting
ATC Dan Kogut daniel.t.kogut.civ@mail.mil ~ 410-278-0115 Presenting
ATC M%tg{)&;legnh james.s.mcclung2.civ@mail.mil 4102784074  Attending
ATC Ed Myers edward.a.myers.civ@mail.mil  410-278-2286  Attending
ATC Mike Chapman michael.a.chapman.civ@mail.mil 410-278-0538  Attending
ATC Wendy Allen wendy.l.allen.civ@mail.mil 410-278-8749  Attending
ATC Ryan Konas ryan.m.konas.civ@mail.mil e Attending
ATC Brian Veety brian.c.veety.civ@mail.mil 410-278-1826  Attending
ATC Marc Ramsay marc.a.ramsay.civ@mail.mil ~ 410-278-4269  Attending
ATC-Jacobs Jack Osipowicz  jack.p.osipowicz.ctr@mail.mil  410-278-4335  Attending
ATC-Jacobs  Marie Smith marie.a.smith12.ctr@mail.mil e Attending
FAA Carleen Houston carleen.houston@faa.gov 609-485-5913  Attending
FAA Doug Ingerson douglas.a.ingerson@faa.gov =~ 609-485-4945  Attending
FAA Louise Speitel louise.speitel@faa.gov 609-485-4528  Attending
USMC James Pham giang.pham@usmc.mil Attending
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Table B-1 US Government (continued)

Organization Name Email Phone Participation
USMC Jaspal Brar jaspal.brar@usmc.mil Presenting
NRL Bill Szymczak william.szymczak@nrl.navy.mil Presenting
NRL Peter Herdic peter.herdic@nrl.navy.mil Attending
NRL Dave Kessler david.kessler@nrl.navy.mil Presenting
AMCOM Tim Helton  timothy.m.helton4.civ@mail.mil 256-842-7732  Attending
AMCOM Doug Mather jdmather@gmail.com Attending
Clint . . . .
NSWC Wini:rlllé);ier clinton.winchester@navy.mil ~ 301-227-5685  Attending
NSWC Earl Armstrong earl.armstrong@navy.mil 301-227-4498  Attending
NSWC Flll)ezrllrt)g\rllﬁla daphne.fuentevilla@navy.mil ~ 301-227-1641  Attending
NAVAIR Ryan J Arthur ryan.j.arthur@navy.mil 301-995-2086  Presenting
NAVAIR Philip Renn philip.a.renn@navy.mil e Attending
NAVAIR  Mike Cosgrove michael.cosgrove@navy.mil ~ 301-995-3993  Presenting
NAVSEA Dan Berkoski daniel.berkoski@navy.mil 202-781-3648  Attending
NSRDEC Thomas Tiano  thomas.m.tiano.civ@mail.mil ~ 508-233-4686  Presenting
ASA-
ALT/Jensen Daniel Verdonik dverdonik@jensenhughes.com 703-617-0249  Presenting
Hughes
PEO-LS Ed Wright edward.g. wright@usmc.mil 703 432-2863  Attending
Mi]})lglgM Matt Bazar matthew.a.bazar.civ@mail.mil 410-436-7704  Attending
MEDCOM  John Houpt John.thoupt.civ@mailmil 40 436 5087  Attending
MEDCOM " Garth Knoch ~ 'awrence-gknoch.civ@mailmil 410 436 5484 Attending
MEDCOM " Robert Bats ~ robert-whatisz.eiv@mailmil 410 4179873 Attending
Mi]}))glgM Rob Booze robert.g.booze2.civ@mail.mil 4,0 43¢ 4350 Atten ding
MEDCOM Jeanette jeanette.n.musembi.civi@mail.mil .
APHC Musembi 410-278-1288  Attending
NTSB . Joseph PANAGIJ@ntsb.gov Presenting
anagiotou
EPA Margaret sheppard.margaret@epa.gov 202-343-3154  Presenting
Sheppard
EPA Bella Maranion maranion.bella@epa.gov 202-343-9749  Attending
RDggOM Erik Hangeland  erik.b.hangeland.civ@mail.mil 410-306-3184  Attending
RDE 8OM Kim Watts kimberly.a.watts8.civ@mail.mil 410-306-3189  Attending
RDE 8OM Brooke Conway brooke.e.conway2.civ@mail.mil 410-306-3109  Attending
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Table B-2 Companies

Company Name Email Phone Participation
Aﬁl-ecl?{acsés Patricia Burns patricia.burns@agas.com 419-867-8990 Attending
ACtlggBVOOd Ashton Grobbel  ashton@actionwood360.com  586-468-2300 Attending
ADI
Technologies, Jerry Brown jbrown@aditechnologies.com  703-734-9626 Attending
Inc.
Amerex Kenneth Mier kmier@amerex-fire.com 205-655-5773  Attending
Defense
Srertl“g;es)é Chris Howard choward@amerex-fire.com Attending
Aﬁl\e/gg?fc Ramy Ghebrial ramy.ghebrial@ametek.com 622;33471'3340 Attending
AMETEK Souvanh 626-337-4640 .
Ameron LLC Bounprascuth souvanh.bounpraseuth@ametek.com ext 4109 Attending
Aﬁﬁgg?]fc Edwin Kho edwin.kho@ametek.com Attending
?—Iﬁgéocr; Bradford Colton bradford.colton@ampac.us 702-699-4131 Attending
Boeing Andy Zweig andrew.m.zweig@boeing.com Attending
%I;I)l:(ftsr (;r;(/ Doug Kulick doug.kulick@emerson.com 775-225-3853  Attending
ESSPI Ronald Butler esspiron@gmail.com 855-727-6782 Attending
Firetrace  Brian Cashion bcashion@ftaero.com 480-607-2709  Attending
HARC Tom Cortina cortinaec(@comecast.net Attending
Hazard
Protection Jay Jesclard  jjesclard@hazardprotection.com 480-209-0058 Attending
Systems, Inc
Hazard
Protection  Candi Jesclard  cjesclard@hazardprotection.com Attending
Systems, Inc
11:1; (,gllllni)rﬂ)pgaizts Kirk Ohnstad kohnstad@cmr-d.com 503-409-2216 Attending
I‘—Ilflrgf:s Jerry Back JBACK@jensenhughes.com Presenting
Jensen Meghan inl . huch Attendi
Hughes McGinley mmcginley@jensenhughes.com ending
I{Iirésf:s Brian Lattimer blattimer@jensenhughes.com  540-808-2800 Presenting
Kidde Greg Chambers gregory.chambers@utas.utc.com 805-403-1636 Attending
Kidde Mark Fazzio mark.fazzio@utas.utc.com 252-246-7910 Attending
Kidde John Trinajstich  john.trinajstich@utas.utc.com  252-246-7075 Attending
hg:tgeir; Jon Campbell jcampbell@wilarahllc.com Attending
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Table B-2 Companies (continued)

Company Name Email Phone  Participation
Meggitt Randy Fotinakes  randy.fotinakes@meggitt.com 772;{? %1‘2673? 53 Presenting
Meggitt Ian Campbell ian.campbell@meggitt.com Attending
Newstar Mike Lucas imalucas@yahoo.com - Attending
Rodgard  Paul Ardovini pardovini@rodgard.com B 6e-)§t5 252435 Attending

Daniel 716-852-1435 .
Rodgard Skoczylas dskoczylas@rodgard.com ext 543 Attending
Rodgard  Rocky Kmiecik rockykmiecik@gmail.com 706-530-0515 Attending
ES URVICE = 1y Farmer tim.farmer@survice.com 410-273-7722  Attending
ngineering
SwRI Marc Janssens marc.janssens@swri.org 210-522-6655 Presenting
SwRI 1\1/\11:1%22}13(56 nicholas.mueschke@swri.org ~ 210-522-5128 Presenting
Cherg(l)llfrs Co Al Thornton alfred.thornton@chemours.com 302-999-3937 Attending
Cherg(l)llfrs Co Mark Robin mark.l.robin@chemours.com  302-256-1423 Attending
Wesco John Demeter jdemeter@ushalonbank.com 732-688-3330 Attending
3M Luis Gonzalez Ifgonzalez@mmm.com 516-508-6368 Attending
3IM B{ggﬁisk tibrodbeck@mmm.com 800-588-7105 Attending
M Kurt Werner ktwerner@mmm.com 651-733-8494  Attending
Table B-3 Universities
University Name Email Phone Participation
Uﬁ;ﬁ;ﬁg’d& James G. Quintiere jimg@umd.edu 240-472-2016 Presenting
Uﬁ;’fﬁgg dOf Jose Torero jltorero@umd.edu Attending
Uggggrslﬁzt?f Peter Disimile peter.disimile@uc.edu Presenting
Catholic . . .

University Joe Vignola vignola@cua.edu Attending

Caltech Julie Kornfield  jak@cheme.caltech.edu Presenting
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Table C-1 List of attached presentations and documents

Arthur DoD Systems Fire Protection Meeting - NAVAIR Fire Extinguisher Gas Chromatograph
Brief

Arthur Flight Line Fire Suppression Alternatives 2017 MAY 11

Back DoD Battery Presentation 5-10-17 Battery Shipping and Storage
Boyd_Li-lon Battery Evaluation

Boyd_Refrigerant Evaluation

Brar USMC AFES Brief - 05-11-2017

Chambers_Kidde GV Safe Valve for FMv2 3-26-1

Disimile ESI Fireball SuppressionS May2017

Hodges Dry Chemical Blends in AFES May 2017

Janssens 2017 Fire Protection Information Meeting

Kessler presentation MTVR

Kogut_Systems Fire Protection Brief - ATC - Final

Kornfield Fire Protection Megasupramolecules May 2017

Lattimer Fire Spread in Aluminum Structures

Mather Low Global Warming Alternative Fire Suppressants - Strategy
McCormick Overview of US Military Vehicle Fire Protection
Mueschke 2017 Fire Protection Information Exchange

Panagiotou NTSB overview for Info exchange meeting

PPT RIERA DGA AS

Quintiere-MilitaryVehiclelnteriorsPres-May 11 2017

Sheppard EPA Presentation for DoD Fire Protection Info Exchange 051117 for distribution
Spray characterization HOMAN - Final

Szymczak Fire Symposium

Temme Fire protection slides

Tiano FR protection information exchange FY17
Vamshi_Presentation

Verdonik Regulatory Drivers for Low GWP Agents 2017-0511 final
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List of Symbols, Acronyms, and Abbreviations

1-D

3-D

ACU
AFES
AMCOM
APHC
ARL

AS
ASA-ALT

ATC
Caltech
CFC
CFD
DGA
DOD
EPA
FEA
FAA
FGC
FR
GWP
halon
HARC
HFC
HCFC

1-dimensional

3-dimensional

Army combat uniform

automatic fire extinguishing system

US Army Aviation and Missile Command
US Army Public Health Center

US Army Research Laboratory
Aeronautical Systems

Office of the Assistant Secretary of the Army for Acquisition,
Logistics and Technology

US Army Aberdeen Test Center
California Institute of Technology
chlorofluorocarbons

computational fluid dynamics
Directorate General of Armaments
US Department of Defense

US Environmental Protection Agency
front-end analysis

US Federal Aviation Agency

fire extinguisher gas chromatograph
flame resistant

global warming potential

halogenated hydrocarbon

Halon Alternatives Research Corporation
hydrofluorocarbons

hydrochlorofluorocarbons
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IMIC

Li
MEDCOM
MTVR
NAVAIR
NAVSEA
NPP

NRL
NSRDEC

NSWC
NTSB
ODS
PEO-LS
RDECOM
RIPB

SBC
SNAP
SwRI
TARDEC

TRL
UNFCCC
USMC

joint modular intermodal container
lithium

US Army Medical Command
medium tactical vehicle replacement
US Naval Air Systems Command
US Naval Sea Systems Command
nuclear power plants

US Naval Research Laboratory

US Army Natick Soldier Research, Development and Engineering
Center

Naval Surface Warfare Center

National Transportation Safety Board

ozone-depleting substance

Program Executive Office Land Systems

US Army Research, Development and Engineering Command
risk-informed performance based

sodium bicarbonate

Significant New Alternatives Policy

Southwest Research Institute

US Army Tank Automotive Research, Development and
Engineering Center

threat readiness level
United Nations Framework Convention on Climate Change

US Marine Corps
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Objectives

A test protocol to measure the fire thermal and
toxicity hazard of ceiling cushioning materials

For the occupant compartment of an armored

military vehicle subject to accidental or war fire
Ignition incidents.

The ignition threat should not be of significant
hazard to the occupants, and

Material acceptance criteria must be established with
a foundational rationale.
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Approach

* Not adopt standard relative ranking test without
relevance to scenario

o Use material fire properties
« Extensive listings in reference texts
+ Basis for modeling
« Underlie material performance in fire

o Establish ignition threat and toxicity exposure
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Material Properties

Use ASTM E 1354 or 2058

Parameter Physical Meaning Measurement Means

Ah_ /L
HRP [Heat of combustion/Heat of
Heat Release gasification] Slope of Peak HRR and Flux
Parameter Combustion energy to energy
€heeded to vaporize solid

TRP
Thermal —kpc T T Slope of
Response (Time to 1gn1t10n) ” with

Parameter % is dlrectly proportlonal to (1/Heat Flux)

ignition time
CHF ! Proportional to ignition
Critical Heat | temperature, and is the minimum | Lowest Flux for Piloted Ignition
Flux heat flux needed for ignition by direct measure
AEP
Available Energy | Total energy released in burning Integral of flaming energy
Parameter per unit area release rate per unit area with
time

Vi
Mass of species i produced per Ratio of total species mass

Yield of Species, mass of fuel lost in flaming collected to fuel mass lost
i
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Use ASTM E 1354 or 2058Table 1. Canonical Set of Flammability Parameters


			Parameter


			Physical Meaning


			Measurement Means








			


HRP


Heat Release Parameter


			[image: ]


[Heat of combustion/Heat of gasification]


Combustion energy to energy needed to vaporize solid


			





Slope of Peak HRR and Flux





			TRP


Thermal Response Parameter
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For a given heat flux, TRP2 is directly proportional to the ignition time to ignite


			





Inverse Sslope of


(Time to ignition) -1/2 and with (applied 1/Heat Flux)





			CHF


Critical Heat Flux


			Proportional to ignition temperature, and is the minimum heat flux needed for ignition


			


Lowest Flux for Piloted Ignition


by direct measureBy extrapolation








			AEP


Available Energy Parameter


			





Total energy released in burning per unit area





			





Integral of flaming Cone energy release rate per unit area with time


Area under HRR and Flux curve





			yi


Yield of Species, i


			


Mass of species i produced per mass of fuel lost in flaming


			


Ratio of total species mass collected to fuel mass lost 
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Defined Scenario

2. Ceiling Alon
Ceiling Alone 1. Fire below

ceiling flame
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Acceptance Criteria

Ignitability Safety Factor
» No ignition: CHF > CHF;; = 25 kW/m? = 30
- Ignition after 2 min: TRP > TRP_;, = 274 kW-s/2/m?,

OR

No flame spread over ceiling

» HRP < HRP,,;; = 140/(30 kW/m?2 —CHF) o /0
+ AEP < AEP_;, = TRP2(30-CHF)HRP/900 kJ/m?

AND

No toxic hazard in 5 minutes (Narcotic and acid gases)
- FED,<FED,.;<1and FEC<FEC_;,;<1 === 0.3
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Design Detalils

Scenario 1: fire below greater hazard than 2

Ignition fire
* No thermal or toxic hazard to occupants
* Must impinge on ceiling with flame extension

e 65 kW heptane pool fire 0.3 m dia., 0.76 m below, flame
radial extension 0.32 m.

* Need to obtain heat flux by this flame to ceiling

Cabin Size

« Smallest (2.2 x 3.2 x 2 m high) with with smallest vents (61 x
15.3 cm)
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lgnition Flame Heat Flux

D=08m H=1.0m
H=12m
H=08m
H=06m
H=04m

D=1.0m H=0.64m
H=08m
H=1.0m

D=03m H=1.0m
H=08m

$E=romS0EC0

t
_—
=
=
o 10
o
=
W
L]
I

e

aEam . Heat Mux from 65 KW heplane pool fire
W 1 = H=076m, D=03m

Hasemi et al theory
o Exp1 adjacent to wall 1 o111l
m  Exp 2 adjacent to wall 1
o Exp 3 centered 01 1

re H+ 2V (Ly+ H+ Z)

g"=5.40°° in kW, kW/m’or 24.2 kW/m’.
We will round this up to 25 kW/m".

o [ 04 0 & 0 1
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Flame Spread Critical Energy
and Heat Flux

« Minimum energy release rate per unit area needed to
sustain flame spread

. 162

o' e 143 kW/m?* — 140 kW/m”’ s 70
JTU

e Flame heat flux in spread

-, 5 0.36 )
§'=54/65+7(0.32)°Q), |~ = 27.7—>30kW/m

crit
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Example: Grey Foam

Z

Grey Foam Grey Foam

From slope favoring small time . HRP=289

TRP = 70.8 kW-s"¥/m?

/
CHF = 3 kW/m? by fit O »

O Peak from Standard Cone |

Gas Yields (g/g-fuel)

(O Data
— — Fitfor CHF

—— Fitfor TRP | ,

35 50

002 o004 oo oo 01 Heat Flux (kW/m2})

Peak Energy Release Rate per Area kMY/m

o
-
%]

1/Incident Heat Flux m>/kW Incident Heat Flux kW/m®

Matecrial CHF TRP HRP  AEP
kW/m®> kW- - MJ/m’

S Q" =(30-CHF)HRP =81 kW/m’

1/2 2
/m

Grey 7130 19 > 70, spreads and fails
Foam
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			Material


			CHF 


kW/m2


			 TRP


kW-s-1/2/m2


			HRP


-- 


			AEP


MJ/m2





			i.1.1.1.1   Auto Headliner 


			i.1.1.1.2   10


			i.1.1.1.3   95


			i.1.1.1.4   3.7


			i.1.1.1.5   26





			i.1.1.1.6   White material 


			i.1.1.1.7   1


			i.1.1.1.8   220


			i.1.1.1.9   2.2


			i.1.1.1.10   50





			Grey Foam 


			53


			  7471


			3.10


			1719
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Performance of Grey Foam
prediction In other tests

FAA/OSU: ¢" =65 kW/m*and Q" =65 kW/m’

Q" = (65— CHF)HRP =186 kW/m> > 65, fails
1SO 9705:

Q"= (60-CHF)HRP =171 kW/m® > Q". =50, fails
UL 94: ¢" =60 kW/m’and Q! =300 kW/m® for V-0

ASTM E84: ¢"=35kW/m’and Q" =100 kW/m’
Q"= (35-CHF)HRP = 96 kW/m* <Q’. =100, stops

crit
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Conclusions

Engineering design of test protocol for fire hazard.
Rationale for test performance is transparent.
Methodology can be improved with new knowledge.

Material fire properties can be used to judge
performance in a fire scenario.

This process is superior to existing fire tests and
regulations.
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Outline

® Background on SNAP

® SNAP submissions for fire suppression
® Recent SNAP actions

® Federal procurement

® Sector activities

® Next steps
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e Section 612 of the Clean Air Act directs EPA to evaluate
and list substitutes for ozone—depleting substances that
reduce overall risk to human health and the environment

e Substitutes are compared to other available options for the
same use

e Alternatives include:
® Chemical replacements
® Product substitutes

e Alternative technologies
® SNAP has reviewed 400+ alternatives since 1994

X\
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SIGNIFICANT « NEW « ALTERNATIVES - POLICY

Evaluates alternatives & lists alternatives as:

. Acceptable - those that reduce overall risk to human health & environment
. Acceptable with use restrictions - if needed to ensure safe use
. Unacceptable

m—  C--tors include:

* Aerosols; Foams; Refrigeration and A/ C; Solvents; Fire
Suppression; Adhesives, Coatings, Inks, etc.

—

* Ozone Depletion Potential * Local Air Quality % @

* Global Warming Potential * Ecosystem Effects Q @%@
* Flammability * Occupational & Consumer @ @
* Toxicity Health/Safety
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SNAP Submissions for
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN Fi re Su ppressants

* 2-bromo-3,3,3-trifluoropropene (2-BTP)
° Recently listed acceptable subject to use conditions for use in

handheld extinguishers on aircraft (streaming) and in engine
nacelles and APU on aircraft (total flooding)

® Ongoing review for other industrial and commercial uses
® Parallel review with TSCA New Chemicals Program
* Three aerosol fire suppressants
® One aerosol for total flooding in normally occupied areas

® Two new aerosols for total ﬂooding in normally
unoccupied areas

™~






December 2016:
Final Rule 21

Overview of Rule:

® Includes:
* Acceptable subject to use conditions
* Unacceptable

® Changes the status of several substances
® Exempts propane from the Clean Air Act’s Section 608 venting prohibition
® Applies unacceptable listings for foam blowing agents to closed cell foam products
® C(larifies status of acceptable fire suppression alternative
Which sectors are covered?
® Refrigeration and Air Conditioning

e Foam Blowing

® Fire Suppression
When?

® Acceptable and Unacceptable listings: as of January 3, 2017
® Changes of status: Various dates between January 2020 and 2025

-






U Recent SNAP Actions on
................................. Fire Suppressants

® SNAP Final Rule 21 (December 1, 2016):

® For fire suppression, listed 2-BTP as acceptable with use restricted to
total flooding and streaming use in aircraft

* Clarified Powdered Aerosol D (Stat-X®) listing as acceptable (use
condition for unoccupied spaces no longer applies)

® Deferred final action on PFCs; will continue assessing the merits of
taking action in this sector more broadly, based on additional
information provided during the comment period

® Received information on other fire suppressants (e.g., HFC-23)

® SNAP Notice 32 (October 11, 2016)
o Listed Solstice® FS as acceptable for total ﬂooding

Manufacturer subsequently did not proceed with fire suppressant listing

‘ in NFPA and ISO standards






SNAP Listings for
Fire Suppression

Acceptable Hnacceptable Total
Substitutes Substitutes Listings

Streaming: HFCs, HCFCs
and blends, PFC, dry

chemical, fluoroketones 25 1 26
FKs), CO,, water

Total Flooding:

HFCs, HCFCs and

blends, PFCs, inert 45 4 49

gas/generators,

aerosols, FK, CO,, water

All of Fire Suppression 70 5 75






Federal Acquisition Regulation
(FAR) Addresses HFCs

® Final rule (81 FR 30429; May 16, 2016)
® Federal government to procure, where feasible, alternatives
to high-GWP HFCs
® Refers to SNAP July 2015 final rule and also to SNAP for

current list of acceptable alternatives
e Contract clauses require vendor annual reportmg of HFCS

(i.e., refrigerants)
® Refers to use of reclaimed HFCs

as sustainable procurement

practice

-,






Sector Activities
® Aviation
® Ongoing coordination with ICAO, HTOC
°* DoD

e ODS Services Steering Committee

e Standards
® NFPA, ISO Technical Committees
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¢ Continue to expand SNAP acceptable list
e Additional alternatives under evaluation

e Additional end-uses are being evaluated

¢ Continue to work with stakeholders
® Develop next SNAP Notice for acceptable listings
® Develop next SNAP Rule to include alternatives that are

acceptable with use restrictions

(- y






Thank you!

Contact Information:

@TED STy;,
> % Margaret Sheppard, SNAP Team Leader

Sg o 7% sheppard.margaret@epa.gov
3 M e (202) 343-9163
% S
6\4/)‘. G‘K\o SIGNIFICANT * NEW * ALTERNATIVES * POLICY
AL prot® Bella Maranion, Acting Chief,
Alternatives & Emissions Reduction
Branch

maranion.bella@epa.gov
(202) 343-9749

Chenise Farquharson, SNAP Coordinator
farguharson.chenise @epa.gov

\ (202) 564-7768 /
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« Background
« Where Fire Protection Fits in with Vehicle Survivability

LA  ARLs involvement in Fire Protection

M . Summary to Date
' « Ground Vehicle Test Bed

 Fuel Spray Characterization
']+ Summary
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Where Fire Protection Fits in jn'lRi_

STRIKE FIRST
Firepower

Fire Protection
« Compartmentalization

DON'T BE SEEN
Tactics and Signature
Management

- Ammo compartments, fuel
DON'T BE ACQUIRED / tanks, battery compartments,
Signature Management etc.

-  Minimize fire events
» Fire Resistant Materials
* Fire Resistant Uniforms

« Automatic fire extinguishing
system
- crew, engine, cargo

 External fire protection
- tires, fuel tanks

DON'T BE HIT
Active Protection
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'Y
ARLs Involvement in Fire Protection AL

ARLS focus has been fuel tank related:

 What happens when a ballistic threat impacts a fuel tank?

* Does fuel spray from the tank?
» Aerosolized fuel spray is highly combustible and a major fire source.

e Does the tank fail and if so why?

» Tank failure greatly increase the severity of fuel fire and limits the
ability to extinguish the fire.

* Fuel spray and fuel tank failure are caused by the
hydrodynamic ram (HD-RAM) from a ballistic event.

* A fundamental understanding of fuel spray and fuel tank failure
modes are needed to reduce the lethality of fuel fires.

 We want to prevent a fire rather than attempt to extinguish after the
fact.

The Nation’s Premier Laboratory for Land Forces

UNCLASSIFIED





UNCLASSIFIED

@ 3 Ground vehicle test bed ARL

round Vehicle Mockup
e 300 Cubic Feet Interior Volume
Versatile configuration

e Reusable fuel tank mounted to the interior of the vehicle
above sponson.

e Could also examine exterior fuel tanks.

 Replaceable armor panel mount located on the side of the
structure above the sponson.

« Two cameraimaging pyrometry to measure spatial flame
growth and temperatures.

« Stereo fuel spray characterization

 Pressure gauges for measuring pressure and calculating K
values

« Thermocouples attach to structure wall for measuring surface
temperatures (can be different than away from walls).
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RBEBHM Ground vehicle test bed

18 Replaceable [Pt
Armor Panel
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US.ARMY

Reusable ERSSEES
Fuel Tank SESSEEE
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Plans for test bed ARL

« Initial plans are to conduct a parametric study to examine flame
growth from various ballistic threats.

« Overmatching threats
« Shaped Charge, EFP, 30-mm

 Vary armor to examine the effects of armor thickness and
armor material on flame growth.

« Examine the effects of an inerting panel mounted to the fuel
tank.

 Follow-on plans include installing an AFES system inside the
structure.

« Examine the effectiveness of extinguishing agents.

 Another potential use is examining li-ion battery reactions in a
confined space.

 Develop a proof-of-principle battery box and subject it to
ballistic events in a confined space.

'UNCLASS.F.ED The Nation’s Premier Laboratory for Land Forces





UNCLASSIFIED

Fuel Spray Characterization Goals AR‘L

The goals of this effort are to:

Correlate cavitation bubble collapse to fuel spray character.
Develop diagnostic techniques to characterize fuel spay.

« Particle velocity and size.

e Fluid volume.

Once the diagnostic technique is validated, conduct a parametric study
to characterize fuel spray versus various threats and fuel tank materials.

o Bullets
e FSP
« SC
e EFP
o Work with fuel spray modelers

e Couple shock physics and CFD codes for a phenomenological
model for fuel spray.
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| RDECOMI Fuel Spray Characterization ARL

US.ARMY

* Previous efforts have shown that the fuel spray from a
ballistic event is HD-Ram dependent.

 The threat forms a cavitation bubble in the fluid.

 The bubble collapses generating fluid spray from the
tank. The aerosolized fuel spray is highly flammable.

e Understanding the formation of the fuel spray and the
size, velocity, and distribution of the particles will
facilitate in the development of more efficient fire
mitigation techniques.

e Approach can range from tank design to AFES soln.

» This capability is of interest to TARDEC for the
development of a CFD capability for modeling
suppression events in ground combat vehicles.
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Droplet Analysis ARL

Create Particle Evaluate
test video ! Distribution > '
Algorithm

Ground Truth

Noise Background Blob Particle Particle
Reduction subtraction Detection identification Distribution

Original Noise reduction §++. Blob Detection . Particle Detection
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Ground Truth Validation

Gaussian distribution
o 20 pixel mean
* 5 pixel sigma
 Noise added
» Gaussian noise
* Background
 Spots
» Salt and Pepper

B Ground Truth Data

¥
i lanatized dsiribution

=
;m

Frequency ()

=

0 5 10 15 20 25 a0 a5 40 45 50
Spot Diametear {Pixels)
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Fuel Spray Characterization

2D imaging
« Cannot determine Z (distance from camera to droplet)
« Magnification is proportionate to Z
e Stereo
» Determine magnification of droplet image
« Can ‘re-focus’ droplets that are outside depth-of-field
* Imaging and processing more complex
» Determine corresponding drops in each view
« Camera relative geometrical relationship fixed
 Difficult in blast environments

!
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RDECOM' Droplet Experiments

US.ARMY

correct diameter for depth

Viper SCJ » Stereo imaging
* 9000 fps ‘Need MORE LIGHT’
* Measure ‘Z' component needed to
High Speed Cameras

Tank Surrogate e Left Camera Image from Videp

!UNCLASS.F.ED The Nation’s Premier Laboratory for Land Forces
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Calibration

Extrinsic parameters

1
0 —
50
100 — Right
-150 -
= L
-900
-B00
700
600 -
-400 )\ " 3w
-300 2 /\ 0
- o
-100 =
a 0
0 100 100

Calibration Fixture
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2D Imaging

300

Uncorrected for Z dimension

23

Fresqquancy ()

o 0.5 1 1.5 ¥ 2.5 3 3.5 4 4.3 ]
Diameter {(mm}
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Stereo Droplet distribution  ZRI

120

100

80

G0

Frequency()

40

20

7 8 a9 10
Droplet Diameter (mm)

e |ssues to be worked out
e Labor intensive. Need to automate for analysis of video.
« Camera stability required. Fiduciary marks are helping.
» Resolution limited. Both spatially and temporally.
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Summary

e 300 CuFt. Ground vehicle test bed has been built

 Addition of diagnostics for tracking the thermal evolution of
fireball

 Fuel spray characterization technique is showing promise
» Stereo imaging correcting for optical magnification
« Reasonable reproduction of ground truth data

 Further improvements to imaging and processing technigques
underway

!

The Nation’s Premier Laboratory for Land Forces
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Response at the driver’s position (Aberdeen)

E'ISD ' ' ' ' ' The project goal is to bring

S e0f * the overall peak pressure

e | | response down to 140 dBP

o = g Fg at the driver location so that

o . L [«] | . . .

5 120 8% 2o **M % % no hearing protection is

Q00 Lo 22 XK * 5 required as specified in the

o 7 Qo Army Hearing  Program

o a0 > il Z 1 1 1

@ 800 1000 1200 1400 1600 Pamphlet 40-501. To
;«f ' ' ' ' ' achieve this noise reduction
> 2000 goal, the initial impulse
> 1000 noise associated with valve
[0} .
o 0 opening needs to be
© -1000 reduced by ~20 dBP and the
3 -2000 | | floyv discharge  impulse
S . . . . . noise by ~14 dBP.

800 1000 1200 1400 1600
100 : : : : — 100

T T

=3 =3

S 50t 13 50

o [0)

=40

5 >
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(¥

_ i i 0
800 1000 1200 1400 1600 -40  -20 0

time (ms) (dB re 1 Pa) 2

EJ ressure
MTVRNRDISCHARGE1_15_Driver_Blast_Overpressure_B_K_4938.txt
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Acoustic Pressure (Pa)

Typical Response of AFES

N
o
-
-

-2000__m?m”m_”mgu_”m

! r 1 | I

Noise asso¢iated with vajve opening (~§160 dBP)

Discharge noise (~154 dBP)

0 200 400 600 800
Time (ms)

Data provided by C. J. Czech, US Army Aberdeen Test Facility.
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A Configuration for Measurements with and
s without Enclosure for Valve Sound Suppression

Isolated =
Valve p
Enclosure .

= = Solenoid
Valve

Sealing
(2 places between
Pipe and Enclosure)






uswva | Enclosure Performance Measurements

LABORATORY

Acoustic Pressure from Valve Enclosure with Improved Sealing and Isolation
480 | (AFES Simulator)

——— noise at valve, open
360 | noise at valve, boxed
© 2407 1| Peak acoustic pressure
® 190l |~ |isreduced by 17.3 dBP
2
o 0
e * Repeatable performance
-120
} * Improve performance with
240+ = | - redesign of port seals and
Y isolation
360 . Valve Noise . Discharge Noise
0 5 . 10 15 « Marginal differences with
Time (ms) absorbing material filling the

run = 25and run = 27 enclosure.
6





u—Ess-g,egéL Valve Noise at Nozzle Location

LABORATORY

Acoustic Pressure at Nozzle (AFES Simulator)

500 noise at valve, open
noise at valve, boxed
600 noise at nozzle !
& 300t
Q _
5 i [
7 e _ LYl 1
E ’ wmlw'ﬂm prr*ﬁ*ﬂ%"ﬂ, |1|I‘ \lr |
% 3001 i
Valve noise through the piping
-600 reaches nozzle microphone ~6
ms later. This noise will be
-900 0 5 1'0 15 treated by the expansion-

Time (ms) silencer manifold.

run = 25and run = 28





uswavar | Simplified Flow analysis for AFES exit conditions

LABORATORY

¢ Overall Goal — Design a quieter AFES system:

@ Preliminary analysis of current AFES — gas discharge at sonic or supersonic speeds.
@ Shock waves from jet discharge are known to be a significant noise source.(see [1])
@ Design and analyze a system with subsonic discharge flow.

LN

Sonic Choked Flow with Subsonic jet flow
diamond shock wave pattern

Images from [1] A. Powell (1953) “On the Mechanism of Choked Jet Noise” Proc.
Phys. Soc. B





uswava | Simplified Flow analysis for AFES exit conditions

LABORATORY

¢ Approach:

@ 1. Use AFES Simulator with the same supply piping and tank pressure as the
AFES with nitrogen for experiments (and preliminary analysis)

@ 2. Use a manifold system attached toAFES Simulator that acts as an
expansion “muffler” or “silencer” for the discharged gas.

Prototype for proof of concept
(to attach to AFES Simulator)

- ["] W
- -
e " " a 4 BENHER S oy
L1 S 2 4( valve 4.

. ak
-— f_j_

o 1
o E".’p .';.'ﬁ

Large
Nitrogen
storage
bottle

AFES Simulator

’

#

Ll
& B
L
oy
Loy,
Lok
£t
13
¥
by





wsnava | AFES Simulator

LABORATORY

Increase discharge area

Perforated sheet
Increases resistance.






“-Ess-zﬁxeL \ Schematic Diagram for Flow Model
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»__ D

P=P,
P =P B

o P =Py

p=p p=p 1=k I

Tank B B u=u; =0 _ 4

P =P P =P \ Manifold u=1u,

Stagnation pressure
from impinging

sonic jet.
K Jric - Kp:pe +Kbend€ J
Supply Pipe pp
P=P.
Perforated Sheets = 5
K Kf’ﬂf /1 . )O:zoi
1"=T.
Discharge Tube(s) u=u,

Friction terms are used to model pipe roughness, bends,
and flow through perforated sheets inside discharge tubes.
Friction reduces the total pressure through the segment. 1





uswavar | - Background — Model Assumptions

LABORATORY

1D- Adiabatic Frictional Steady Flow

Conservation of Mass d(pu)=0
Momentum Balance Equation dpm(mz):_ifmdr
Conservation of Energy d(c, 1+ 12) )

Mach Number M=u/a

Sound Speed a:\/}’—P y=c,lc,
p

1 | 1D frictional flow through supply pipe and discharge tubes (with perforated sheets).

4 I r, dx=1pu’ K. Used in momentum balance — total pressure loss

2 | Tank and Manifold regions modeled as simple reservoirs — Coupled System of equations:

i =—PA Mgy iy (y I)M Mass in reservoir depends on flow into manifold
RT,,
i, = —tit, ~ P.A, ™, i ~PA, yM Mass in manifold depends on flow into manifold and
RT, discharge

Pressure, Temperature and Mach number at all locations are determined through

12
eguations derived from (1D integration of) conservation laws.
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1.00
0.90
0.80

5 0.70
=)
£ 0.60
=

Z 0.50

S 0.40

= 0.30
0.20
0.10
0.00

Previous results — No manifold region

P=£ P=F 1.E+07
2= p=p0 —Tank
I'=T T=T, _ = = Ambient
M=, W=, P=pP g —Inlet
F=p £ 16406 ——Exit
T=T g
| H=Uu &
x=0 x=1L
.. . . . 1.E+05
Original Model 3L tank with Nitrogen at 900 psi 01 0.2 0.3 04
I” Exit discharge Tirae(sec)
AFES Simulator results (no manifold)
Oviginal Mozzle Dviver run = 120
350 '
— Exit 300 ~ 370ms
—Exit Bl
~—Inlet
250 —iniet
& 200 g™
E E o -
-E:‘ 150 :f' 200
;ﬁ 100
- A0
50 :
D <V ) L i i i
0.1 0.2 0.3 0.4 0 01 0.2 0.3 0.4 oW W w w w w W e

Time(sec)

Time(sec)





New Design: 2 x 3/2 Exit Discharge, 58% Open
TRESRATER Perforations, K;=2.3

U.S.NAVAL

Fewdy P=P, 1.E+07
= f), —
? ; p=p, _ Tank
= P=PF Bt
Tank I : =, =0 T=T, _— —Supply Inlet
=0 A= Manifold _u=u, o J— v Exit
=T T=T, . _ui.r upply Exi
Bk, : g " 2 ——Manifold
\\\ Stagnation pressure =
‘. i~ | from impinging o 1.E+06 ——Discharge Inlet
RO Discharge Outlet
Supply Pipe e KI-”.( = Kg
P=F
7
Discharge Tube{'s/}/ P=ps P=F, 1. E+05
T=T, .
e 0 0.1 0.2 0.3 0.4
’ Time(sec)
17 500
0.9 —Supply Inlet 450 —Supply Inlet
0.8 ——Supply Exit 400 ==Supply Exit
0.7 ~——Discharge Inlet 350 —Discharge Inlet
7 [ _
0.6 Discharge Outlet E 300 Discharge Outlet
.é’ 0.5 Z 250
204 < 200
: 0.3 \ 150
2 0.2 100
0.1 50
0 o - -
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 14

Time(sec) Time(sec)





U.S.NAVAL

New Design: 4 x 3/2 Exit Discharge, 58% Open
CREORATORY Perforations, Kp:2.3

P=P,
: P= P; 1.E+07
p=p, —Tank
T=T P=p,
Pi=p P=P, 3 T=T —Supply Inlet
Tank =1, =) 4
P=p 2= Manifold _u=u, —sSupply Exit
r=T1 T=T, . O ol =
P=P, : ; e [-n —Manifold
\\ Stagnati essur i
"- fmi‘nimg;;;g e 2 1.E+06 ~——Discharge Inlet
o 'Jl sonic jet. E Discharge Outlet
Supply Pipe " Kﬂ.“ = K;
P=P,
= -
il ™ p=
Discharge Tube(s) f:= 'f‘ P=F, 1. E+05 .
e 0 0.1 0.2 0.3 0.4
H=Uu _
Tirmmaleanl
177 500
0.9 —Supply Inlet 450 —Supply Inlet
0.8 —Supply Exit 400 —Supply Exit
0.7 ~——Discharge Inlet 350 —Discharge Inlet
- | ,
0.6 Discharge Outlet E 300 \ Discharge Outlet
205 Z 250
£ 3
S 2
0.4 200
204 T g
503 \ 150
E |
0.2 - 100
0.1 50
0 0
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

15
Time(sec) Time(sec)
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New Design: 6 x 3/2 Exit Discharge, 58% Open

Perforations, Kp:2.3

P=P,

P=P,
p=p:
T=T P=p,
P=pr : TwT]

=g, =0

p=p, Manifold __u=u,
£a T: y Eun! X"-I-

Stagnation pressure
= | from impinging
4 sonic jet.

=K,
Supply Pipe ¥ KI.”_( =K,
E P=F
k4
Discharge Tube{'s/}/ P=ps P=F,
i
H=h‘_=_
1
0.9 —Supply Inlet
0.8 —5Supply Exit
0.7 ~——Discharge Inlet
0.6 Discharge Outlet
205
E
z 0.4 r_'-\
03 \
2 0.2
0.1
U |

0.2 0.3 0.4
Time(sec)

1.E+07

—Tank
—Supply Inlet
—Supply Exit
E ——Manifold
@
g 1.E+06 ~——Discharge Inlet
E Discharge Outlet
1.E+05
0.1 0.2 0.3 0.4
Time(sec)
500
450 —Supply Inlet
400 =Supply Exit
350 —Discharge Inlet
'-E 300 Discharge Outlet
E 250
= 200
150
100 |
50
0
0 0.1 0.2 0.3 0.4

Time(sec)
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Tank

P=P,

New Design: 8 x 3/2 Exit Discharge, 58% Open

Perforations, Kp:2.3

P=P,

P=P,
£=p
TeT P=p,
P=P P=P, B i
1 2 T=T,
=g, =0
P=pf P=p: Manifold =y
T=T T=T, .
. b

Stagnation pressure
=1 from impinging

sonic jet.
.= K]
Supply Pipe ___-——-Kn-n =K,
= P=F
k4
Discharge Tube{’s}/ P=ps P=F,
TeT
i=Hu.
1
0.9 —Supply Inlet
0.8 —5Supply Exit
0.7 ——Discharge Inlet
0.6 Discharge Outlet
205
E
= 04 ™~
go3 \
202 .
0.1
cl |
0 0.1 0.2 0.3 0.4

Time(sec)

1.E+07
—Tank
=—=Supply Inlet
—Supply Exit
E. —Manifold
b
3 1.E+06 ——Discharge Inlet
wl
E Discharge Outlet
1.E+05
0 0.1 0.2 0.3 0.4
Timelsec]
500
450 —Supply Inlet
400 —Supply Exit
350 —Discharge Inlet

Velocity (m/s)
I [ L
L
=

Discharge Qutlet

0 0.1 0.2
Time(sec)

0.3

0.4

17
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1.2

Mach Number
= =
(o p (W

=
B

0.2

4 X 1.5” Dia Discharge tubes

Discharge Friction Effect on Manifold Pressure and Exit Mach Number

—Mach 4X1.5,0pen58%
Mach 4X1.5,0pen23%
——Mach 4X1.5,0pen5%
—Pressure 4X1.5,0pen58%
—Pressure 4X1.5,0pen3%%

~—Pressure 4X1.5,0pen5%

0 0.05

0.1

0.15

0.2
Time(sec)

0.25 0.3 0.35

0.4

300

250

200

150

100

50

Pressure (PSI)
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uswavar | 6 X 1.5” Dia Discharge tubes

LABORATORY

Discharge Friction Effect on Manifold Pressure and Exit Mach Number

1.2 300
—Mach 6X1.5,0pen58%
1 Mach 6X1.5,0pen23% 250
—Mach 6X1.5,0pen5%
_ 08 200
9 —Pressure 6X1.5,0pen58% 3
£ a
206 —Pressure 6X1.5,0pen23% 150
= W
L™ (P51
E —Pressure 6X1.5,0pen5% E
0.4 100
0.2 50
—_— _=_—q
0 - - 0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Time(sec)
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1.2

Mach Number
= o
[ap] (]

=
=

0.2

8 X 1.5” Dia Discharge tubes

Discharge Friction Effect on Manifold Pressure and Exit Mach Number

—Mach 8X1.5,0pen58%
Mach 8X1.5,0pen23%
—Mach 8X1.5,0pen5%
—Pressure 8X1.5,0pen58%
—Pressure 8X1.5,0pen3%

~Pressure 8X1.5,0pen5%

0.05

0.1

0.15

0.2 0.25 0.3 0.35
Time(sec)

0.4

300

250

200

150

100

50

Pressure (P5l)
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|usnava Expansion Manifold Optimization
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Optimal design

Discharge Mach Number Discharge Time region

Rlisclurgc Time
1

a1

cak Discharge Mach Number

8 X 1.5” discharge
= 14.1in?

A

5

Discharge Arca - Discharge Area

Non-white is subsonic Cyan region is desirable(<0.4sec)  Avoid yellow and above.



Presenter

Presentation Notes

Surface plots of results over a range of open area ratios (from 0 fully closed to 1 – fully open). A balance is struck between the peak Mach number and discharge time in the figures to the right.
It shows an interesting surface in which the desirable region corresponds to the green through black colors in the palette.





wsnavae | Manifold Measurements — Driver
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uﬂnlnal Mozde Drives ru n = }'iﬂ g Manrnld & Nnttlt'! Na Stmm Dﬂ'rn' fun = 58 mnln&d ] hloz:lu 53% Screen I:Irim fun = 1D.]

Orlglnal no manifold " Mamfold 8 tubes no screen ... Manifold - 8 tubes 59% screen
. 153.0aB o) 151.5dB 148.3dB

_| Manifold - 8 tubes 25% screen W; Manifold - 4 tubes 25% screen Manifold - 1 tube 25% screen

o 145.0dB al 144.1dB o 141.5dB

I I 400
— 7004 — 7004 = 00 -
g g g
|-}
€ € 3
£ £ 5
[+ 200 [+ 2010 -0
I 400+ A0
833
B B a0
r.q 1000 o = s h 22
1z o 1 i X a5 sl ] 1z o 1 i X a5 sl





wseavae]  Manifold Measurements - Center

LABORATORY

Original Noxzle run = 120 Manfold § Nozrles No Screen Center run = 93 Manfold B Worzies 55% Serean Center run = 103

100 T 1000

- Original — no manifo'ld | - Manifold - 8 tubes no screen _Manifold - 8 tubes 59% screen |

1000

| . 152.4dB oo | 151.6dB 149.6dB
% 3 e % ar é ]
B omad B oot - 200 -
_Manifold - 8 tubes 25% screen | Manifold - 4 tubes 25% screen | Manifold - 1 tube 25% screen
147.2dB | 145.4dB 144.5dB
;%; _..J % _— % 200
o Ly i 15 2 230 3 } 400 450 ] - B i gl )} % & 450 nD = e L 130 I ¥ L 450 &0 23
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Manifold Measurements

1,2,4,5,7,8 Open
2,4,5,7 Open
2,5,7 Open

2,7 Open

7 Open

conditions

original nozzle
8 discharge tubes no screens
8 discharge tubes 59% screens

8 discharge tubes 25% screens

6 discharge tubes 25% screens
4 discharge tubes 25% screens
3 discharge tubes 25% screens
2 discharge tubes 25% screens

1 discharge tubes 25% screens

Test number

118-120

98-99

100-103

96-97, 104-105

106-107
110-112
113-114
115-116
117

Between
2&3
Driver

SPL
()

153.0
151.5
148.3

145.0

143.2
144.1
143.0
143.6
141.5

Between

4&5
Center
SPL

152.4
151.6
149.6

147.2

146.1
145.4
144.2
142.7
144.5

Drop
Driver
L))

1.5
4.7

8.0

9.8
8.9
10.0
9.4
11.5

0.8
2.8

5.2

6.3
7.0
8.2
9.7
7.9

AFES | 24





wseavae|  Manifold Measured Sounds - Center
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Existing Nozzle « Manifold — No Perforated Screens

152.4 dBP

o 151.6 dBP

00

400 1 400 1
e A s A0
w w
£ £
o o
= a = 5 a
| |
B o0 | a o0 |

10X Slowed

400
Down \ o | il
a = ] 130 200 Iml:,:f.“.l 230 350 00 430 =00 a = ] 130 200 m,:;:f.“] 230 350 400 430 =00
=— Manifold — 59% Open Screens — «. Manifold -1 tube 25% Open Screens
149.6 dBP o | 142.7 dBP
400 1 400 1
g 10X Slowed
i ‘ Down
<400 4010 |
~.'-m“ 5 =] 150 200 250 iE] 250 400 4501 S0 Emj:.. =3 {1i7] ~£-:- 200 250 1.:.>:- 3450 -:é-:- -1:.-:1 200 25
: . : Hig R4 X tirne [ims)





U-Ess-zﬁx’eL Manifold Volume Effects (Model)
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8 X 15/8” discharge 23% OAR

1
0.9 —Supply Inlet
b2 forati c Manifold Ej —wa:v Exi: N
; AR = . ~—Discharge Inle
: Pertorations OAR=0.25 Volume = 1 B "
a
_—-\\N‘\-—-\‘ E Ej
=

2
£ 0.8 $o03
= 202
E \ 02
E 0.6 0
1 0 0.1 0.2 0.3 0.4
% 0.4 —8 X 1.625 in Discharge Tubes Time{sec)
E —6 X 1.625in Discharge Tubes 1 \
0.9 —Supply Inlet
0.2 —4 X 1.625 in Dlscharge Tubes os I\ \ —Supply-Exit
0.7 \\ Discharge-ntet—|
0 _ Manifold 06 | \ Discharge Outiet |
0 0.2 0.4 0.6 0.8 1 Volume=  £os \
Manifold Volume (1=Experiment) 0.125 EZ: \
. . 0.2 \\
Conclusion: N N\
There is a flow dependence on the manifold 0 ! - ~ - %4
volume, but it is not strong. Time(sec)
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snava Summary

LABORATORY

» The valve enclosure with improved sealing showed 17.3 dBP of sound attenuation experimentally using
the AFES simulator.

» An expansion-silencer manifold design was used to address the flow noise through the nozzles. This
system was modeled using a simplified one-dimensional flow assumption of compressible flow in a
dual reservoir system. Predictions showed the requirements for the perforated screens resistance as
well as six tube openings necessary for subsonic flow.

» The AFES simulator was used to evaluate a number of muffler designs with a varyi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>