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PREFACE

The Naval Facilities Engineering Service Center (NFESC), Port Hueneme, California,
was tasked by the Naval Facilities Engineering Command (NAVFAC) to investigate the
feasibility of reducing air emissions from existing propane-fueled Naval Fire Fighter Training
Facilities (FFTF). This can be accomplished by using a proportioning device to pre-mix a
controlled amount of air to the propane. In addition to the environmental benefit, this air-
propane pre-mix reduces the fuel consumption substantially.

The air-propane-proportioning device that was tested is commercially available. Similar
devices can be easily procured from many manufacturers.

A series of field demonstration tests were carried out using an actual Navy FFTF “bilge”
fireplace at the Maryland Fire and Rescue Institute (MFRI), University of Maryland from 1998
through 2000. The appearance of the flame (e.g., color, shape, etc.) was observed and
documented. Samples of air pollutants were collected and analyzed. The results of laboratory
and field tests, laboratory analyses, and engineering assessment are documented in this User
Data Package.




EXECUTIVE SUMMARY

Air-propane proportioning devices have been widely used in industries to mix air and
propane as an alternative fuel. The proportioning device is used when the supply of natural gas
may have to be temporarily interrupted and a mixture of air-propane used as an alternative fuel.
An air-propane-proportioning device is commonly installed as “standby” device to substitute
natural gas with an air-propane mixture on short notice.

The U.S. Navy adopted the air-propane-proportioning device for reasons other than
industrial. The U.S. Navy wants to know whether the device can be used to reduce air pollutants
emitted from FFTF, which currently use 100 percent propane as fuel. To achieve this objective,
the Naval Facilities Engineering Service Center (NFESC) undertook the task to assess the
feasibility of using an air-propane mixture as an alternative to the current use of 100 percent
propane fuel. Several reports documenting the assessment of feasibility and benefits were
presented (Lee, 1993 and Roby, et al., 1996a and 1996b).

The advantages of the 50-50 mixture of air and propane by volume over the 100 percent
propane fuel are summarized as follows:

e Air pollution emissions are reduced approximately 40 percent
e Fuel cost are reduced by 50 percent

e Safety is assured because the specified amount of air in the propane is less than a
quarter of the air required to reach the upper combustible limit.

Based on the results of this investigation, the air-propane-proportioning device is
recommended to be installed at all FFTFs in order to reduce air pollution and fuel cost.
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CHAPTER 1.0

1.0 INTRODUCTION
1.1  BACKGROUND

Shipboard fires represent a constant threat to the safety of personnel, the operational
capability of naval forces, and may result in compromising the mission. The U.S. Navy requires
all officers and enlisted personnel to complete the required fire fighting training prior to
reporting to their first duty station. The training includes skills in fire fighting, use of equipment,
and skills of communication in reporting fire casualty and damage information as defined in
OPNAVINST 3541.1 (series). All officers and enlisted personnel must be retrained in fire
fighting at least once every 4 years thereafter. All personnel are trained to fight one or more
classes of fires.

In an effort to upgrade this training capability, the Chief Naval Education and Training
(CNET), through the Training Systems Division of Naval Air Warfare Center (NAWC),
conducted a program to provide the environmental friendly fire fighter training facilities (FFTF).
The FFTFs were built onshore to allow the trainees to learn fire fighting skills under a controlled
environment, free of danger of injury or exposure to hazards.

There are three classes of fires. Each requires a distinctive fire fighting approach and use
of extinguishing agents. A brief description of these classes of fire is:

e Class A Fire: The fire is on paper, clothes, trash and other solid materials. The fire
may be located in a storage compartment, locker room, trash can, ventilation duct,
clothes dryer, on hull insulation, etc.

e Class B Fire: The fire is on oil, grease, or other liquid or semi-liquid material which
may be encountered in the bilge, oil spray from a leak, a pit, a crashed aircraft or
other spill on the deck, deep fat fryer, oil contaminated vent hood, etc.

e Class C Fire: The fire is on a charged electric appliance or utility. The fire may be
on an electric motor, generator, on electronic equipment and components, on an
electric panel, or electric wire bundle.

1.2  BRIEF DESCIRPTION OF FFTF

The U.S. Navy currently owns and operates 18 FFTFs at ten Naval activities within the
continental United States and Hawaii. A total of 22 FFTFs have been built and operated since
1989, however 4 of them were closed under the Base Realignment And Closure (BRAC) act. A
summary of Navy FFTFs including locations, fire fighting training institutions, devices,
operational dates, and current status (active or inactive) is shown in Table 1-1.
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(a) Active Status

Table 1-1. A Summary of Navy FFTFs

Type of Trainer Training Institution Devices Operation Date
Submarine Fire Fighting NSS, New London CT 21C12 Oct 1989
Trainer STF,  San Diego CA 21C12 Apr 1991

STF, Norfolk VA 21C12A Jul 1992
NSTCP, Pearl Harbor HI 21C12A Mar 1993
TTF, Bangor ME 21CI12A Nov 1993
TTF, Kings Bay GA 21CI12A May 1996
Advanced Fire Fighting FTC, Mayport FL 19F1A/3 Jun 1990
Trainer FTC, SanDiego CA 19F1B Nov 1994
FTC, Norfolk VA 19F1B Mar 1995
Basic Fire Fighting Trainer | NETC, Newport, RI 19F3A Sep 1992
FTC, SanDiego CA 19F3B Nov 1994
FTC, Norfolk VA 19F3B Mar 1995
NS, Ingleside, TX 19F3C Jan 1997
NTC, GreatLakesIL 19F3C May 1997
Open Burn Fighting Trainer | FTC, San Diego CA 19F4A Mar 1996
FTC, Norfolk VA 19F4A Apr 1996
FTC, Mayport, FL 19F4A Apr 1996
Recruit Fire Fighting NTC, Great Lakes IL 19F5 Nov 1990
Trainer
(b) Inactive Status due to BRAC
NTTC, San Francisco CA 19F4 Mar 1991
NTTC, San Francisco CA 19F1A/3 Oct 1992
RTC, Orlando FL 19F5A Dec 1992
RTC, San Diego CA 19F5A Jan 1993

A typical FFTF may consist of one or more burners or fireplaces to simulate various
types or classes of fires. Figure 1-1 is an FFTF, designated as “19F1A, Advanced Fire Fighting
Trainer.” Figures 1-2 and 1-3 show fireplaces on the upper and the lower floors, respectively
(LANTDIV, 1987).

The Navy has developed several types of FFTFs for specific training functions and
purposes. The general description of these FFTFs devices are listed in Table 1-2.

Table 1-2. Description of Navy FFTFs Devices

Device General Description
19F1(series) Advanced Fire Fighting Trainer
19F3(series) Basic Fire Fighting Trainer
19F4(series) Open Burn Fighting Trainer
19F5(series) Recruit Fire Fighting Trainer
21C12(series) Submarine Fire Fighting Trainer
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1.3  FUEL FOR CURRENT FFTFS

The current FFTF devices use 100 percent propane as fuel in the fireplaces. Propane is
not a significant fuel on most naval vessels, but it has been used in the FFTFs to simulate fires of
jet fuel, diesel fuel, waste oils, grease, electrical motors and appliances. The advantages of using
propane fuel for fire fighting training:

e The fuel bed does not need to be restored after each training session.

e The residual burn or flashback of a fire is minimal.

e The fire can be safely controlled during an emergency by shutting off a control valve.

In normal operation, a computer controls the valve to simulate the actions of a real
fire as it responds to suppression.

e Propane leaks can be detected easily at floor level.

The U.S. Navy, like many private industries, is under increased regulatory and monetary
pressures to reduce the quantities of air pollutants generated each year, as well as budgetary
pressure to reduce costs that can be accomplished without deteriorating functions.

Reducing Air Pollutants. Adding a controlled amount of air to propane reduces

emissions by approximately 40 percent. Reduction of carbon monoxide (CO) emissions was also
observed during the laboratory tests and in the field demonstration tests.

Fuel Savings. In addition to the reduction of the air pollutants, the use of air-propane pre-
mix also significantly reduces the amount of propane used, thus achieving energy cost savings.

For the training purpose the propane fire must look like the fire of hydrocarbon waste, or
other fuels. For this reason, the propane is not mixed with stoichiometric air before combustion,
as it would be mixed in a commercial furnace, which has efficient, blue, hot, short flames.
Instead it issues as many small jets from burners in the “fireplaces” in the FFTFs. The propane
gas burns as long tongues in turbulent diffusion flames as it mixes with air. The flame creates
soot and small amounts of other chemical species that cause yellow flame luminosity, like the
flames of solid or liquid fuels.

Most of the chemical species are burned up in the flames, but a small fraction of propane
and its derivative escapes unburned, and constitutes air pollutants. This existing pollution is far
less than the pollution created by burning pools of hydrocarbon wastes or liquid fuels.

NFESC instituted this program to look into the possibility that the emission of pollutants
could be further reduced by mixing a controlled amount of air with the propane before
combustion. Based on the results of laboratory tests (Roby, Scheffey, and Hamer, 1996a), it is
suggested that the use of 50-50 air-propane mixture as an alternative to 100 percent propane fuel
is feasible.

1-3
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1.4

OBJECTIVES

The objectives of this field demonstration test program were as follows:

e Determine whether 50-50 air-propane mixture can provide realistic flame appearance
for training.

e Determine the ability of the air-propane mixture to reduce the emission of air

pollutants.

Determine what changes or modifications to the existing trainer systems are needed.

Demonstrate the safety and operability of the equipment and design changes.

Determine operation, maintenance, and life cycle costs.

Document the results in a User Data Package (UDP) report.




CHAPTER 2.0

2.0 SYSTEM DESCRIPTION

Several critical factors are addressed which include conceptual development, fabrication
of an actual air-propane proportioning device system, and installation of the system. Criteria for
major design, equipment selection, and operational considerations are:

e Safety of operation, maintenance, and storage

e Operational under all weather conditions without additional protection
e Infrequent and easily accomplished maintenance

e Long term durability

e Well engineered and commercially available spare parts

e Well-written installation and maintenance manuals

e Automatic operation

e Minimum adjustments after initial installation

The air-propane proportioning device as shown in Figure 2-1, is a commercial “standby”
system that is designed to mix air and propane on demand to the same heating value per unit
volume as natural gas. Tests described below demonstrate that adding this amount of air does
not degrade the appearance of the flames, such as luminosity and radiation heat.

The proportioning device tested was designed by the manufacturer to stand up in an open
space without the need of shelters or other protection. The device is expected to operate
automatically and is equipped with a number of safety devices to guard against any dangerous
hazards or off-standard condition. The manufacturer’s operation and maintenance manuals are
provided as Appendix C.

The commercial air-propane proportioning device is for industrial use and can switch to
an air-propane mixture if the supply of the natural gas is interrupted.

The proportioning device may be fully automatic. When the pressure in the natural gas
main falls, the proportioning device furnishes an air-propane mixture. The proportioning device
may be set so that this air-propane mixture has the same volumetric heating value as the natural
gas. The mixture will not explode because it has less than 1/5 of the air necessary to reach the
rich limit of flammability. Despite the fact that the gas density is somewhat different than the
natural gas, the furnace burners or other devices at the industrial plant continue to operate
normally.
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Several manufacturers make applicable “standby” equipment. The current edition of the
“Thomas’ Register” lists 13 companies that manufacture this kind of equipment as shown in
Table 2-1 (Thomas’ Register, 1998).

Table 2-1. List of Manufacturers of Air-Propane Proportioning Devices

Manufacturer Phone Number
Sam Dick Industries, (subsidiary of Eclipse Co.) 1-800-959-0270
ALGAS Industries Inc. 1-972-686-7455
RANSOME Mfg. 1-800-342-0979
GAS PLANTS INCORPORATED 1-800-432-8538
ALTERNATE ENERGY SYSTEMS 1-770-487-8596
Thomas Associates Inc. 1-908-771-9100
CHESMONT Engineering Company, Inc. 1-800-221-5174
TOTAL ENERGY CORP. 1-914-682-0181
PLANT SYSTEMS INC. 1-800-235-3925
ELY ENERGY 1-918-250-6601
ENGINEERED SYSTEMS 1-800-948-2489
SYSTEMS CORP. 1-800-832-7818
A TECH Equipment, Inc. 1-770-487-7899
Combustion Services, Inc. 1-800-878-5535
MAXON ' 1-317-284-3304

The proportioning device selected for this project was the XPV 2.5 model manufactured
by Sam Dick Industries. The U.S. Navy does not intend to endorse or advertise any specific
manufacturers products.

2.1 INTRODUCTION TO THE EQUIPMENT

The XPV Liquefied Petroleum Gas (LPG) vaporizing/mixing system is a self-contained
unit that provides a mixture of LPG with air to replace natural gas. This system is explosion-
proof, compact, and portable so that it can be installed almost anywhere. The system is quiet,
reliable, safe, and automatic. The system has built in solid state electronics that controls the
mixing process simple and easy. An accumulator tank enables the venturi to cycle on and off to
meet the required load demand.

2.2  DESCRIPTION OF THE EQUIPMENT
A photograph of the equipment including propane tank, air mixer, and burner is shown in

Figure 2-2. A 1,000-gallon propane tank is shown in Figure 2-3. The major component
drawings are shown in Figures 2-4 and 2-5.
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Sam Dick Industries manufactures various sizes of vaporizer/mixer systems with heating
output ratings from 2.5 to 28 million Btu and delivery pressures from 5 to 12 psig. The field
tests described here were conducted with the XPV 2.5 model, which provides enough air-
propane mixture for two trainer bilge fireplaces, simultaneously. A larger size of
vaporizer/mixer system would be needed for a larger demand. For use in the fire fighting
trainers, the pressure in the surge tank is increased to 16.5 psig by adjusting the screw in the
control box (item 1 in Figure 2-4).

The XPV 2.5 model uses an electric vaporizer to vaporize the propane. The propane gas
is mixed with air in the venturi and the air-propane mixture is stored in the accumulator tank.
The accumulator tank serves as a reservoir that provides uninterrupted flow of mixed air-propane
gas from full flow to no flow, automatically. All XPV models are designed and fabricated as
explosion-proof and meet the requirements of Class I, Division 1, Group D as defined by
National Fire Protection Association (NFPA) pamphlets 58 and 70 (National Fire Code 1998 and
1999). This classification allows installation almost anywhere (no protection from the elements
or sources of ignition is required) with minimum clearances for convenient installation. The
components are identified in Table 2-2.

The system can be operated either automatically or semi-automatically. The operational
sequence of the system is outlined as follows:

e Turn on the electricity

e Open the hand-valve of liquid propane inlet
e Open the hand-valve of gas discharge outlet
e Press the “start” switch

¢ Run the system

If the propane tank temperature is low and the vapor pressure is less than 124 psig, a
liquid propane booster pump will be turned on automatically. A solid state control system
controls all operations and continuously monitors the safety of the system. When the system is
turned on, mixed gas will be available immediately. If the system is turned off, it will take less
than 1 minute after the start switch is pressed to provide gas at full flow.

The power requirements of the vaporizer/mixer systems are 240V alternating current
(AC), 3 phase, 30 amperes. In addition, the pump requires 240V AC, 3 phase, 3.6 amperes
separately.

The vaporizer/mixer system weighs approximately 800 pounds, and the pump weighs
approximately 150 pounds. The manufacturer states that the combination of explosion-proof
vaporizer and venturi, and solid state control system make the XPV 2.5 system completely safe
and reliable regardless of the installation site.
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1,000-gallon propane tank.
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TYPICAL OPERATION OF XPV VAPORIZER/MIXER SYSTEM
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Reprinted with permission from Algas-SDI International, LLC

Figure 2-5. Detail of XPV vaporizer/mixer system.



Table 2-2. XPV Major Component Identification

Item Number Description
1 Venturi Pressure Switch
A. “On pressure adjustment
B. “Off” pressure adjustment

2 Mixed Gas Pressure Gauge

3 High Tank Pressure Switch

4 Inlet Vapor Pressure Gauge

5 Low Vapor Pressure Switch

6 Venturi Housing Assembly

7 Venturi Vapor Pressure Regulator

8 Venturi Motive Pressure Gauge

9 Venturi Vapor Solenoid Valve

10 Inlet Safety Solenoid Valve (closes with tank over-pressure)
11 Accumulator Tank Drain Valve (by others)
12 Venturi Shut-off Valve (vaporizer outlet shut-off valve), Isolation Valve
13 Control Box

14 Accumulator Tank Relief Valve

15 Mixed Gas Discharge Valve (by others)

16 Air Intake Silencer

17 Nozzle

18 Diffuser

19 Air Inlet
20 Mixed Gas Accumulator
21 Vaporizer Relief Valve

22 Accumulator Tank Mixed Gas Discharge Pressure Adjusting Screw
23 Air Intake Check Valve Assembly

24 Control Board Assembly
25 Vaporizer

26 Inspection Opening

27 LPG Inlet

28 Start Button

29 Stop Button

30 Electric Supply Connection Point

31 Vaporizer Temperature Sensor

32 Vaporizer Liquid Level Switch

33 Time Delay Relay

34 Venturi Control Circuit Transformer

35 Auto Restart Module

36 Toggle Switch
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2.3 THE VAPORIZER

The vaporizer, shown in Figure 2-5, is composed of multiple heating elements imbedded
in a finned aluminum heat exchanger core. An RTD temperature sensor and a solid state control
system maintain the heater core temperature from 200° to 210°F. Liquid propane enters the
vaporizer through the inlet solenoid valve and comes in contact with the heater core. The liquid
propane is then heated up to become propane gas. When the temperature of the heater core falls
below a preset minimum temperature, the control system turns the heater on. The control system
also contains the logic to shut off the system if an unsafe or overheating condition exists.

24  THE MIXER

The pressure of the propane vapor closes the “low vapor switch” which is shown as item
5 in Figure 2-4 in the control box. After an initial time delay, the control box activates the
venturi control circuit and opens the venturi solenoid valve which is shown in item 9 of Figure 2-
4. The propane vapor is fed through a pressure regulator and then through the venturi nozzle.

This propane vapor flow creates a pressure lower than atmospheric pressure in the venturi
housing. As a result air flows in through the silencer. The air and the propane vapor are mixed
in the diffuser section, and pressurized in the accumulator tank. When the air-propane mixture in

the accumulator tank reaches a preset pressure level, the venturi solenoid valve closes.

After the air-propane mixture in the accumulator tank is used, the following three steps
will occur to resupply the air-propane mixture:

e The pressure inside the tank drops
e The venturi control switch closes

e The venturi solenoid valve opens resupply air-propane mixture to the accumulator
tank

Results of these three steps will automatically
2.5 THE CONTROL BOX
The control box, as shown in Figure 2-6 contain:
e A contractor that supplies current to the vaporizer elements
e Push button switches to turn the unit on and off
e A timer

e Several pressure switches that control solenoid valves, and
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e A transformer to supply current to the electrical switches and solenoids.

The control box is built in an explosion-proof container. The control box does not have
any explosive materials within the device. Propane leaks may occur outside the control box, but
the only potential ignition sources in the apparatus are inside the box. So propane leaks in the
system cannot be ignited by any of the components of the system.

2.6 THE LPG LIQUID PUMP

The liquid line pressure supplied to the vaporizer must be high enough for the venturi to
meter the flow of air accurately and still develop enough static pressure in the diffuser to fill the
accumulator tank. For an accumulator tank pressure of 14 psig, the liquid line pressure must be
at least 123 psig. In warm weather, the propane vapor pressure in the storage tank may be this
high, but it will be lower in cold weather. So a liquid pump must be installed to provide
adequate liquid line pressure.

The pump package selected was the “Stabilaire,” BS1 model (Figure 2-7). The Stabilaire
is manufactured by Sam Dick Industries and is compatible with the XPV 2.5 vaporizing/mixing
system. It contains a positive displacement pump driven by an explosion- proof electric motor.
Again, the explosion-proof motor housing, and electrical housing are not to protect the
equipment, but to prevent ignition of any propane leaks.

The output pressure is set by a regulator that bypasses liquid back to the storage tank
when the output pressure exceeds the set pressure. This process limits the output pressure to the
set point of the regulator. This bypass system is normally in operation, since the pump is capable
of supplying more liquid propane than the maximum amount needed by the vaporizing/mixing
system. The pump package also has a bypass system that allows liquid to flow directly from the
storage tank to the vaporizing system if the vapor pressure in the storage tank is high enough that
the pump is not needed. The pump body has an internal bypass to prevent damage to it if the
return line is blocked. The pump components are identified in Table 2-3.

The pump package also contains the electrical components to operate the motor (a
manual starter), valves, check valves, gauges, and a relief valve for safe and flexible operation.
The relief valve opens if liquid is trapped in the plumbing (due to closed valves) and the pipes
are heated, for instance, by sunlight. A strainer is provided to protect the pump from ingesting
any solid material in the LPG supply line. An automatic motor starter can be made available to
turn the pump on if the propane line pressure is too low to operate the vaporizer/mixer. The
pump is capable of continuous use.

The pump is designed for easy maintenance. It has replaceable end disks, vanes, casing
liners, and seals which can be easily replaced with basic tools. The sliding vanes are self-
adjusting and maintain their efficiency throughout their life. The pump motor operates on 240V,
3 phase electrical current. If the motor turns in the wrong direction, simply switch any two
conductors (performed at installation, only).
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from Algas-SDI International, LLC

Reprinted with permission

Note: See Table 2-3 for legend

Figure 2-7. Liquid propane pump.




Table 2-3. Liquid Propane Pump Components

Item Number Description
1 LPG Inlet Strainer
2 Internal Relief/Bypass Valve
3 LPG Inlet Pressure Gauge
4 Back Pressure Control Valve
5 LPG Outlet Pressure Gauge
6 Hydrostatic Relief Valve
7 Outlet Isolation Valve
8 Check Valves
9 Starter Switch
10 Pump — positive displacement sliding vane type
11 LPG Inlet
12 LPG Outlet
13 LPG Excess Return
14 Coupling Guard
15 Coupling Between Motor and Pump
16 Explosion Proof Electric Motor
17 LPG Bypass
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CHAPTER 3

3.0 INSTALLATION

As previously mentioned, the equipment chosen for this demonstration is designed to
operate outdoors and does not require protection from the weather. This was demonstrated by
operating it in an open parking lot from time-to-time during the winter at the Maryland Fire and
Rescue Institute (MFRI) at the University of Maryland.

This equipment can be used at an existing FFTF. The vapor line from the accumulator
tank will be attached to the 4-inch gas line feeding the trainer, downstream of the “Block and
Vent” setup (located outside the trainer building). The Block and Vent hand valves will be left
closed. It is possible that a software patch will be needed to operate the trainer with the Block
and Vent closed. Liquid propane must be provided to the equipment. It was planned to use a
liquid propane tank provided by the propane suppler for this demonstration. The tank outlets
(liquid and gas) are typically large enough for %-inch standard pipe, and 5/8-inch copper tubing,
which has been found to be large enough to service the equipment. Since the 5/8-inch tubing
used in the return line is subjected to vapor pressures as high as 200 psi in the summer, it is
recommended that this tubing be a stronger grade, which has double the wall thickness of
refrigeration grade tubing.

For permanent installation, the equipment will be fed with liquid propane from the
existing tanks, as shown in Figure 3-1. In this case, the electrically driven pump would be
located close to the propane storage tanks and liquid propane pumped to the vaporizer/mixer.
Locating the pump close to the storage tanks facilitates the installation of the vapor return line to
the gas space above the liquid in the tanks, and placement of the pump to obviate gas bubbles in
the pump inlet line. The existing vaporizer(s) on the fuel tanks would not be needed since the
vaporizer/mixer has an electrically heated vaporizer.
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CHAPTER 4.0

4.0 EXPERIMENTAL RESULTS
4.1 FLAME APPEARANCE

A series of tests on the flame appearance were conducted in a laboratory under field
conditions. The results of the observations are documented in the following sections.

4.1.1 Laboratory Flames

The initial experiments were run indoors, inside a laboratory. The burner used in the
initial laboratory experiments was one of the four segments of a full size bilge burner from a
decommissioned 19F5 Navy (recruit) fire fighting training facility. Tests werc carried out in the
“Potomac” laboratory of the University of Maryland. The experimental arrangement is shown in
Figurcs 4-1 and 4-2. In order to reduce the fire extent to meet laboratory capabilities, 80 percent
of the burner holes were plugged. but the remaining holes were grouped as originally designed
for the burner. This meant that the flame appearance and vertical extent would be the same as
the original burner except the horizontal extent of the fire (and fuel flow) was reduced by 80
percent. With this change. the maximum gascous propane flow rate that did not cause noisy
flame turbulence (or a change in flame appearance) was 150 standard cubic foot-per-hour
(SCFH). So the total flow rate was held at 150 SCFH in all the initial laboratory tests described
below, whether the fuel was pure propane. or 50-50 air-propane by volume.

Two large liquid propane cylinders supplied the propane (Figure 4-1). A compressor
supplied the air. Both gases passed through rotameters. Throttle valves at the base of each
rotameter adjusted both the air and propane flow. Mixing of air and propane gases occurred in a
5-foot long, 1-inch standard pipe that fed the burner. Figure 4-2 shows the burner segment,
attached to the downstream end of the mixing tube.

Photographs of the flames were taken both facing the long side of the burner, and at right
angles to the long side. Figure 4-3 shows the flame facing the long side with 100 percent
propane. Figure 4-4 shows the flame with 50-50 air-propane mixture. The total flow rate is 150
SCFH in both cases.

Figure 4-5 was taken at right angles to the long side of the burner with propane only, and
Figure 4-6 was the same view with 50-50 air-propane mixture.

As is seen in the photographs. the appearance of the yellow flames is the same in both
cases, with or without air. In the photographs, the extent of the flame is less when the fuel is 50-
50 air-propane. but this is not apparent to the naked eye. In fact. both flames appeared to be the
same. An explanation is that the camera had a relatively short exposure, short enough to “stop”
the tongues of flame. To the eye, these tongues were integrated into a continuous flame, and as
stated above, the extent of the field of flame seemed to be about the same, with or without air
addition.
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There was concern that some of the equipment used in the FFTFs, for instance the pilot
cquipment, might require pure propane. However, the literature for the “flame pilot,” shown in
Figure 4-7. states that it will operate with a wide range of [uel heating values, so it should not be
sensitive to the addition of air. Also. tests described in Section 4.2 of this User Data Package
indicate the carly “spark™ pilot is not sensitive to the fuel heating value and works well with the
50-50 air-propane mixture.

Also. the temperature within the training compartment building will be reduced if less
propane is burned. If there is a desire for training under heat up compartment the ventilation fan
speeds and damper settings can be controlled to reduce airflow ventilation so the temperature in
the training compartment building will not be decreased.

Figure 4-1. Propane feed system and rotameters.







Figure 4-5. Flame along short side of burner, propane only.
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Figure 4-6. Flame along short side of burner, air-propane mix.

Figure 4-7. Eclipse Company nozzle, mixing pilot.
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4.1.2 Full Scale Flames

4.1.2.1 Apparatus. The full size test was set up in the MFRI facility at the University
of Maryland. The Sam Dick Industries XPV 2.5-15 model Standby LPG/air System used to mix
the air and propane in approximately 50-50 by volume proportions is shown in Figure 4-8.
When fuel of 100 percent propane was tested. the air intake on the device was closed with duct
tapc. When the air-propanc mixture is withdrawn from the storage tank, the pressure inside the
tank falls slightly. subsequently the device automatically resupplies more air-propane mixture. It
is equipped with a complete set ol safety devices.

The burner and pilot box are supported on cinder blocks in the same configuration as in a
trainer, as shown in Figure 4-9.

Based on the measurements during laboratory testing. a flowmeter of a maximum flow
rate of 100 standard cubic foot-per-minute (SCFM) was selected. Results of laboratory tests
indicated that experience in these tests showed this range of the flow rates to be correct. At flow
rates above 80 SCFM or below 30 SCFM. the flame did not resemble a bilge fire. The vane-type
flowmeter is more sensitive to the flow of the denser propane than to the air-propane mixture.
The actual volume of air-propane mix is about 94 percent of the metered volume per
manufacturer’s conversion factor of 0.94. This correction has been taken into account in the
flow rates throughout the tests.

The burner was installed under a roofed shelter without side walls. Prior to testing, two
wooden wind shields of 6 feet in height were added to one side of the burner to reduce the
distortion of the fire by outdoor winds. The wooden shiclds were painted black to facilitate
photography. In addition three horizontal white lines were painted at a vertical spacing of 1-foot.
The lowest line is at the same level as the burner.

In these tests the pilot box is fed with the same fuel mixture as the burner. Provisions
were made (o feed air as well. as in the existing trainer. Both air and fuel flows to the pilot box
were measured by rotameters.

4.1.2.2 Flame Observation Tests. A series of three tests were conducted to
photographically compare the appearance of flames with the two fuels.

The first series of photographs were taken early in the morning without perceptible wind
with an ASA 100 film in the camera. The results of photographs showed that exposure times
longer than 1/8 second did not look like the flames scen by cye. but the 1/ 16-second or shorter
exposures did appear realistic. So. photographs from this series are used in this User Data
Package to compare the 50-50 air-propane with 100 percent propane; 80 SCFM flames with 40
SCFM flames. and 1/250-second and 1/16-sccond exposures.

Figures 4-10 and 4-11 show flames with 100 percent propane at 80 SCFM. Figures 4-12

and 4-13 show flames with 50-50 air- propane at 80 SCFM. The exposure settings for these
were 1/250 second. The photos were taken at front and quarter-view angles to the burner. There
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is some difference in the color of the flames, probably due to the angle of the sunlight, but to the
eye the flames with the two fuels appeared identical.

Figures 4-14 and 4-15 (100 percent propane). and Figures 4-16 and 4-17 (50-50 air-
propane mix) show similar results at a total flow of 40 SCFM. Figure 4-18 shows the flame of
the 50-50 mix at 40 SCFM, but an exposure of 1/30-sccond, which gives a result similar to that
seen by the eye. (Note: These photographs were selected because the flames were least affected
by thc wind. Even light winds caused the flames to become partly horizontal, despite the
shields.)

4.1.2.3 Conclusions of Flame Observation. After viewing thesc photographs of full-
scale flames. it is concluded that the visual differences between the flames of 100 percent
propane and 50-50 air-propane mixture are small both in full-scale tests and laboratory tests.

Figure 4-8. “Standby” air-propane mixing system.
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Figure 4-10. Propanc fire at 80 SCFM. 1/500-second exposure.
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Figure 4-12. 50-50 air-propane fire at 80 SCFM, 1/250-second exposure.
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Figure 4-14. Propane firc at 40 SCFM. [/250-second exposure.
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Figure 4-16. 50-50 air-propane fire at 40 SCFM, 1/250-second exposure.




Figure 4-18. 50-50 air-propane fire at 40

SCFM, 1/30-second exposure.




42  REFLASH/RE-IGNITION

If the trainees do not apply an extinguishing agent long enough to extinguish the flame,
the computer will simulate a re-ignition by reopening the propane (fuel) valve. As a result, the
bilge firc will be re-ignited. This is a part of the training scenario to reproducc the problem that
can occur in real fires if the small areas of flame, or hot ignition surfaces, are not properly taken
carc of while fighting the fire. The phenomenon is termed “‘reflash.”

During the actual firefight training, the steel structure in and around the burner and the
steel grating above the fire arc heated up to a high temperature. When these hot steel surfaces
contact with the extinguishing agent. hot steam is created. The restored propane flow may not
re-ignite immediately with the presence of hot steam. The flame may not be able to propagate
from the igniter to the burner. It has been found that providing a blower to blow the stcam away
minimizes or prevents this problem. It is necessary to assess this re-ignition problem with the
air-propane mixture.

A series of tests were performed to observe the re-ignition problem with and without air
admixture. For this purpose. a heavy steel grating, matching that used in the trainers, was
installed above the bilge burner, as shown in Figure 4-19. Tests were run with the grating heated
by the burner, to about 550° F as measured with an optical pyrometer, with steam formed by
water from a fire hose hitting the hot steel. A fog nozzle was used on the fire hose, as 1s used in
the trainers.

In the first of these tests. the flow rate of air and propane to the pilot box was low, and the
steam extinguished the pilot. In subsequent tests the flow rate increased to 50 SCFM, both with
100 percent propane and 50-50 air-propane flows to the pilot were used. The results
demonstrated that there were no subsequent ignition failures for both fuels. No delays or other
differcnccs in re-ignition could be detected.

The tests results concluded that using a 50-50 mix of air and propane will not affect
reflash in the trainers.
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CHAPTER 5.0

5.0 POLLUTANT MEASUREMENTS
51 OVERVIEW ON GENERATION OF POLLUTANTS

The full size bilge burner using 100 percent propane and 50-50 air-propane fuels was
tested to measure the air pollutants. The results of the tests indicated that it created about a total
of 0.01-pound of methane, ethane, and acetylene per pound of propane if 100 percent propane is
used. With a 50-50 air-propane mixture, about the same amount of pollutants are formed per
pound of propane, as seen in Table 5-1. But the pollutants are reduced by a factor of 2 because
less propane is used.

Table 5-1. Emission of Air Pollutants With 100 Percent Propane Fuel
and 50-50 Air-Propane Mixture

Fuels
Emissions* 100 % Propane 50-50 Air -Propane

Test 1 Test2 | Avg. Test 3 Test 4 Avg.
Methane 0.0032 | 0.0011 - 0.0018 0.0018 -
Ethylene 0.0005 | 0.00053 - 0.0005 0.0007 -
Acetylene 0.0071 | 0.0024 - 0.0044 0.0040 -
Ethane - - - - - -
Propene - - - - - -
Propane - 0.0014 - - - -
Propyne 0.0001 - - - - -
Butane - - - - - -
TOTAL 0.0106 | 0.0054 | ~0.008 | 0.0067 0.0065 | ~0.0066

Note: * Weight of pollutant per unit weight of propane burned.

Roby, Scheffey, and Hamer (1996a) reported that air addition to 100 percent propane in
the experiment laboratory burners, resembled those in the FFTFs. These burners had holes about
the right size, but they were smaller than the real burners, and had no splash plates, that the full
size burner had. Previous analyses of emissions from full-scale FFTFs found that the major
unburned material was propane, equivalent to about 1 percent of the fuel, (Levine, 1991a, b, ¢).
A number of minor constituents were noted (e.g., benzene, toluene, dimethyl benzene, etc.) but
these ranged from 1/10 to 1/100 of the 1 percent (of the fuel burned) of the unburned propane.
These species were observed by collecting them in traps such as tubes filled with adsorbent, then
passing the adsorbent through a GC-MS. The adsorbent would not have adsorbed low molecular
weight material, and the GC-MS used would not have responded to these species if they had
been collected.
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5.2 APPARATUS:

When the burner was first received it was coated with soot (see Figure 5-1). With the 50-
50 air-propane mixture as fuel, the soot burned off and the measurements of exhaust CO

simultaneously decreased to near zero.

Heavy steel gratings were placed above the burner. Figures 5-2 and 5-3 show the
appearance of the flame as it issues from the grating and the gas sampling apparatus. A water-
cooled sampling line is used for the gas sample that enters the plastic bags. A second line, not
water cooled, is mounted as close as feasible to the water-cooled line. This line was used to
measure CO,, which is proportional to the propane burned in the fire (as corrected for the other
unburned species). An instrument gas pump is used to suck the gas sample through the water-
cooled line and pressurize the sample bag. The CO, instrument has its own pump.

53 EXHAUST GAS SAMPLING

The exhaust gas was sampled at a stand-off distance of approximately 6 inches above the
tips of the luminous flames (Figures 5-2 and 5-3). This was done to allow any exhaust and
unburned fuel to burn to completion. The drawback of this distance is that the plume may mix
with a varying amount of external air. Wind also has a major effect on the concentration of
exhaust gases in the plume, but even when the wind was light (which was when data were taken)
the CO, concentration varied from 0.2 percent to over 1 percent during the time the bag was
filling. This shows that the plumes above the burner were highly striated, and even light winds
moved the striations.

A series of tests were conducted with a large pan suspended above the burner. This pan
was intended to mix and integrate the striations of the flow, and the sample tube assembly was
inserted through a hole in the side of the pan. This assembly is shown in Figure 5-4.

The chemical analyses of the bag air samples were tested as shown in Table A-1 of
Appendix A. Two bags were filled with 100 percent propane (Tests 1 and 2), and two bags were
filled with the 50-50 air-propane fuel (Tests 3 and 4). In addition, a bag was filled while the

burner was off (bag 5, as a blank).

The latter was subsequently analyzed to establish that the analysis method was valid for
propane and that the low molecular weight species found in the exhaust did not come from the
fuel.
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Figure 5-2. Flames issuing through grating.



Figure 5-4. Collector pan with probes inserted inside.
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The U. S. Army Center for Health Promotion and Preventative Medicine, Aberdeen
Proving Ground, Maryland analyzed the bag samples. The test used a very sensitive gas
chromatograph (GC) with a column sensitive to hydrocarbons from methane on up, and a flame
ionization detector. The results of the analyses are shown in Appendix A.

Note that both the blank taken at MFRI and the laboratory blank (Table A-1) showed the
absence of contamination. The air-propane mix had less than one part in a hundred of methane
and the other light species. The concentration of propane in the fuel sample was actually closer
to 500,000 part per million (ppm) than 250,000 ppm, but the analysis here is not precise because
the sample was diluted multiple times, and even then the reading of the GC detector had to be
estimated.

5.4.1 Calculations

The data were calculated on the basis of the weight of each species emitted in the exhaust
per unit weight of propane fed to the burner. This number can be used, along with the amount of
propane used per day (or year) in the trainer to calculate the amount of each pollutant formed.
The results of a test with 100 percent propane (#1) are presented below as a sample calculation.
The calculation method is presented in Appendix A.

The measured concentration of CO, is 4.35 mol percent, which is equivalent to 1.44
percent or 14,400 part per million (ppm) propane burned. Table 5-2 shows the calculations of

the various species of air pollutants.

Table 5-2. Summary Results of Air Pollutants With 100 percent Propane

(Test #1)
Gas Analysis Mol. Mol. Wt.of | Weight/ Wt.
ppm Fraction Weight Species Propane*

Methane 128 0.009 16 0.142 0.0032
Ethylene 34 0.0236 28 0.019 0.00055
Acetylene 174 0.121 26 0.314 0.0071
Ethane <1.7 - 30 - -
Propylene <1.7 - 42 - -
Propane <1.7 44 - -
Propyne 2 0.00014 40 0.0055 0.00013
Butane <1.7 - 58 - -

*The last column of Table 5-2 was previously posted as TEST 1 in Table 5-1.
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5.5 CONCLUSIONS ON AIR POLLUTANT EMISSIONS

As indicated in Table 5-1, the mixture of 50-50 air-propane fuel reduces the total amount
of the air pollutants by a factor of about 2 since only half the amount of propane was used. The
major pollutants are acetylene, ethane, and ethylene. Based on the tests results, it can be
concluded that the appearance of the flame with or without air is almost no different.
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CHAPTER 6.0

6.0 ECONOMIC FEASIBILITY - ESTIMATED COST/ BENEFIT ANALYSIS

To convert FFTFs that use 100 percent propane to those that use 50-50 air-propane fuel,
some modifications of the current feed system from the propane tank to the trainer are required.
These modifications involve the procurement of the liquid propane pump, air-propane
proportioning device, and reconstruction of the fuel lines. Test and inspection of the new
proportioning device requires time and additional cost. The trade-off between the fuel savings
and modification costs are presented in this section.

6.1 TOTAL ANNUAL PROPANE CONSUMPTION

As a part of this User Data Package, a survey of the total annual propane consumption
within the U.S. Navy FFTFs was conducted. The results of the survey indicated that about
343,000 gallons of propane were used during year 1999 as shown in Table 6-1.
6.2 ANNUAL FUEL COSTS

The unit price of propane varies with locality, weather, seasons, time of purchase, and
global supply and demand. For the field experimental tests during the 1999 to 2000 period, the
unit cost of propane the contractor paid was:

e $0.70 per gallon during summer

e $1.00 per gallon during winter

e $0.80 per gallon annual average unit price

The average unit price is derived on a basis that the price was increased during 4 months
of cold weather as:

($1.0 x 4 months + $0.7 x 8 months)/12 months = $0.80.

If a mixture of 50-50 air propane is used, the total savings in fuel purchase price is
approximated as:

$0.80 x (343,000 gallon/2) = $137,200

6-1




Table 6-1. Annual Propane Consumption of FFTFs

Site Annual Propane Consumption of FFTFs
(In Gallons)
Surface Actual | Submarine | Actual Site
Trainers Use Trainers Use Subtotal
New London
CT 21C12 12,500 12,500
Bangor
ME 21C12A 7,500 7,500
Pear] Harbor
HI 21C12A 5,500 5,500
Kings Bay
GA 21C12A 14,000 14,000
San Diego 19F1B,
CA 19F3B, 95,000 | 21C12 6,000 101,000
19F4A
Norfolk 19F1B, 111,000
VA 19F3B, 21C12A 7,500 118,500
19F4A
Mayport 19F1A, 55,000
FL 19F4A 55,000
Newport 19F3A 9,000
RI 9,000
Great Lakes, | 19F5,
IL 19F3C 15,000 15,000
Ingleside, 19F3C 5,000
TX 5,000
Subtotal 290,000 | Subtotal 53,000 343,000

6.3 MODIFICATION COSTS

The additional cost to incorporate the air-propane proportioning device system is shown
in Table 6-2:

Table 6-2.
Items Est. Cost
Hardware procurement: Propane pump and propane/air $20,000
proportioning device (off-of-the-shelf items)
Installation labor including a concrete pad $2,000
Test, certification and permit $2,000
Subtotal of initial modification cost $24,000
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The total modification cost for all 18 FFTFs is:
$24,000 x 18 = $432,000
If the service life of the propane pump and air-propane proportioning device is assumed
to be10 years, then the depreciation cost is $2,000 per FFTFs per year.
The annual savings for the 18 FFTFs is:
$137,200 - ($2,000 x 18) = $101,200.
64 PAYBACK ASSESMENT
The total payback of the modifications is estimated:

$432,000/$101,200 = 4.23 years, or about 4 years and 3 months.

In other words, the additional costs induced from the modifications can be paid off in
4.26 years. After that the savings in fuel procurement are $101,200 annually.

If the life cycle is assumed to be 10 years the total savings with the 50-50 air-propane
proportioning device is:

$101,200 * 5.77 yrs = $ 582,000.
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CHAPTER 7.0

7.0 OPERATION AND MAINTENANCE

Operation and Maintenance of the equipment is described in the following Sam Dick
Industries reports:

(1) Operation and Maintenance Manual, XPV Packaged Vaporizing/Mixing System
Models: XPV 2.5 through XPV 28.0, dated 04 December 1996 (P/N 52568)

(2) Operation and Maintenance Manual, STABILAIRE Liquid LPG Pump Packages
Model: BS1 through BS3, dated 14 September 1996 (P/N 62631)

These reports were included with the equipment when it was purchased and is attached as
Appendix C. Part of the text in this section is copied from those reportsl.

“The XPV packaged vaporizing/mixing system is designed for long term trouble free
operation. Due to the nature of its use, and the heavy duty it receives, it is important to provide
scheduled maintenance.” A maintenance schedule and recommended spare parts list are shown
in Appendix C.

7.1 ADJUSTMENT PROCEDURES FOR SYSTEM OPERATING AND SAFETY
CONTROLS

“All of the controls (except for the venturi regulator) are preset at the factory. However,
vibration in transportation may alter the settings or it may be desirable to change the system
delivery pressure (within the range of the installed venturi). Thus the control settings may need
to be checked or readjusted. Any replaced controls will also require adjustment.”

“Most of these operations require the control enclosure to be open while the circuits are
tested. At all time make absolutely sure that no LPG vapor is present around the wiring.” In
addition, “always have a fire extinguisher handy when operating with the control enclosure
open.” “The electrical arcing that occurs when the various switches and relays within the
enclosure operate is a possible source of explosive ignition.” For these reasons, do not attempt to
adjust the pressure switches with the power on.

7.1.1 Motive Pressure (set pressure of the venturi regulator)

“The motive pressure for the venturi is stamped on the base of the venturi housing. This
pressure is adjusted using the vapor pressure regulator on the LPG (propane) vapor train. The
adjustment should be made with the system in operation.” The manual suggests using a Btu
meter for accurate adjustment, but the actual amount of air mixed with propane is not critical for
fire fighter trainers. Using the supplied venturi, the air-propane mixture will be about 50-50
percent by volume.

1Reprinted with permission from Algas-SDI International, LLC
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The XPV operation manual states that for a delivery pressure (accumulator tank pressure)
of 12 psig, the inlet vapor pressure should be 140 psig, leading to a nozzle motive pressure of
110 to 130 psig. Experimental tests show that an inlet vapor pressure of 123 psig is barely
adequate. Navy FFTFs seem to be operational at an inlet pressure (downstream of the block and
vent) of 14 psig, so a delivery pressure somewhat above 123 psig may be needed.

7.1.2 System Delivery Pressure’

7.1.2.1 Pressure Control Switch (1). “The system delivery pressure (within the range
of the installed venturi) is set by means of the tank pressure adjustment screw (item 22). The
on/off differential pressure is set by means of item 22. See Appendix C for additional
adjustment information.

To adjust the switch, use a 1/4” open-end wrench, turn the main adjustment screw
counterclockwise to lower the setpoint or clockwise to raise the setpoint. Turn the adjusting
screw until the “ON” setpoint is reached, then set the differential adjustment for a deadband (off)
of 0.75 to 1 psi. A typical setting is between E and F.”

7.1.2.2 High Tank Pressure Switch (3). “The pressure switch (3) is located in the
control box (13). To set, turn adjusting wheel to approximate setting shown on the indicator
scale on the switch.” For a delivery pressure of 12 psig, set the high tank pressure switch for 15
psig.” If the switch has a higher setting, set it to 17 psig for a delivery pressure of 14 psig.

7.1.2.3 Low Vapor Pressure Switch (5). Slowly throttle the vaporizer propane vapor
outlet valve (12), while the system is operating. This lowers the propane vapor pressure being
sent to the mixer. Observe the propane inlet vapor pressure gauge (4) and note the pressure at
which the low vapor pressure switch (5) opens and disables the venturi solenoid valve. “To set
the low vapor pressure switch, turn the adjusting wheel to the approximate setting shown on the
indicator scale on the switch body. Repeat the process to verify the setpoint. Note the low vapor
pressure switch only disables the venturi solenoid valve, and does not shut off the XPV.”

7.1.2.4 Further maintenance and troubleshooting information. Appendix C of this
User Data Package presents the manufacturer’s detailed information on subjects such as testing
and replacing the venturi check valve and a detailed troubleshooting guide.

7.2  OPERATION AND MAINTENANCE OF THE LIQUID PROPANE PUMP

7.2.1 Initial Startup

7.2.1.1 Operation Check. Thoroughly check the entire facility for safe operation and
function before starting up the process. The check must include the condition and operation of
the storage tanks, pipes, electrical wiring, and appropriate valves all the way to the outlet (inlet
pipes to the trainer). Prohibit all smoking throughout the entire facility until a complete
inspection is conducted to ensure that there are no propane leaks. Even smoking outdoors close
by is dangerous.

% Refer to Table 2-2 and Figure 2-4 for item numbers listed in this subsection
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7.2.1.2 Verify that the Pump System has Been Installed Correctly:

1. Check the pump system for correct installation of all components. All bolts
should be tightened and fittings secured.

2. Check the wiring, make sure that there are no broken or frayed wires and
that all wiring is properly installed. Check all electrical conduits for correct
installation and ensure that all fittings are tightened.

3. Measure the incoming voltage with a voltmeter to check if it is the correct
voltage for the system.

4. “All piping should be clean, free of moisture and have not leaks. Even a
small leak anywhere in the entire facility is unacceptable.”

7.2.1.3 Pump Setting and Adjustment Procedures. “Perform these procedures on
initial startup of the system, if the pump is restarted after being idle, or if the delivery pressure or

tank pressure changes.”

7.2.1.3.1 Adjusting Output Setpoint:

1.

2.

“Determine the required pump discharge pressure.”

“Slowly open the shut-off valves in the storage tank for pump
suction line and return lines. Open all shut-off valves between
the storage tank and the pump.”

Verify tank pressure reading and the gauge reading on the
propane pump inlet. They should correspond with each other. If
not, refer to step #2 above.

“Close shut-off valve at pump outlet.”
“Loosen locknut on adjustment bolt for the control valve, item
#4. Turn adjustment bolt out until it is loose.” DO NOT remove

it completely.

Turn pump on. You may notice a slight pressure increase at the
outlet pressure gauge.

“Slowly start to turn the adjustment bolt “in”, on the control

relief valve, item #4, until the desired outlet pressure is attained.
Stop the adjustment when the pressure is obtained.”
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8. “Tighten locknut, making sure adjustment bolt does not turn
while tightening”

7.2.1.3.2 Internal Pump Relief Valve Adjustment’

Caution: Try this test only briefly. “If the relief valve doesn’t open during the test, open
the outlet valve. The internal bypass valve of the pump is designed for emergency
protection only. It may be damaged if this procedure is done for any length of time.”

1. “To test internal pump bypass valve (item #2) for proper
operation, with pump outlet closed and pump on, momentarily
close manual shut-off valve in the control relief valve return line
to the tank. The differential pressure increase should be between
150 psi and 170 psi over the inlet pressure (the factory setting of
the internal bypass valve of the pump.”

“For example: if the inlet pressure is 40 psig, the outlet pressure

should be between 190 and 210 psig.”
Differential pressure is the difference between pump inlet and outlet

pressure, or the amount of pressure the pump adds to the propane coming into it

1. “The internal bypass valve is factory set. Under normal
operation the valve should not need to be adjusted. However, if
the valve opens above 170 psig or below 120 psig differential
pressure, then it should be adjusted.”

2. “Open manual shut-off valve in the control relief valve return
line to the tank.”

3. “Open pump outlet shut-off valve (item #7). Pump is now ready
for operation.”

7.2.2 Operation

A. Start-up

1. “Check the system thoroughly before putting it into operation. Any problem
with the system: leak, faulty valve, loose bolt or connection is unacceptable.
Repairs must be made immediately.”

2. “The wiring should be examined for correct connections, voltage and proper
rotation.”

3. “Open all valves in the lines to the pump.”

# Refer to Table 2-3 and Figure 2-7 for item numbers listed in this subsection
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4. “Turn on the power to the pump.”
5. “Turn on the pump.”

“If it is in correct operating order, the motor should start quickly, the pressure will
come up immediately, and the pump will run at normal operating speed and the pressure gauge
on the discharge side of the pump will indicate the correct operating pressure.” If the pump turns
in the wrong direction, shut it off and shift (transpose) two of the three electrical wires feeding
the pump. Then turn it on again. Refer to the troubleshooting guides in Appendix C if there is
pump noise, vibration, leakage, overheating, or low pressure.

-

B. Normal Operation:
1. Operating Precautions
e “Do not run the pump dry. This will damage the pump.”

e “Do not allow propane liquid to cavitate in the pump as this will also
damage it.”

e “Correct piping minimizes vaporization of the propane liquid into the
pump. Excessive vaporization in the inlet line causes pump noise and
excessive wear. Restrictive intake piping, globe valves, or some types of
tank outlet valves can cause cavitation. Circulation of propane liquid
through the built-in relief valve causes cavitation inside the pump. The
relief valve is an emergency protection device only.”

e “Check the inlet and outlet pressure at regular intervals.”
e “Check the bearing seal at the side of the pump for leaks.”
e “Pump drives should operate satisfactorily with a minimum of vibration.”

e “If direct coupled pumps vibrate excessively they should be checked for
alignment as noted in the maintenance section.”

2. Inlet Pressure
If the inlet pressure differs or fluctuates from the setpoint, the system should
be shut down. Fuel lines should be bled to zero gauge pressure and purged, and the sources of

problems identified and corrected. (Changes in climate and different batches of propane will
also cause changes in inlet pressure)
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3. Outlet Pressure

If the outlet pressure and all other parts of the pump system are functioning
normally but the outlet pressure is incorrect, the control valve must be reset. See “Adjusting the
Output Setpoint” procedure in the initial startup section.”

7.2.3 Maintenance Procedures

Maintenance procedures, including cleaning the inlet strainer, lubrication of the pump
bearings, and detailed instructions for replacement of pump vanes and other parts are described
in the manufacturer’s manual in Appendix C of this User Data Package.
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CHAPTER 8.0

8.0 PROPANE MATERIAL SAFETY DATA SHEET (MSDS)

The Material Safety Data Sheet containing the required information about the propane
used in the air-propane mixture used as in the FFTFs is presented in Appendix D. This
information includes:

e Chemical product and company identification

e Composition information on ingredients

e Hazardous identification

e First aid measures

e Fire fighting measures

o Accidental release measures

e Handling and storage

e Exposure controls

e Personal protection

e Physical and chemical properties

e Stability and reactivity

e Toxicology information

e Disposal considerations

e Transport information

e Regulatory information
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9.0

9.1

9.2

CHAPTER 9.0

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The use of the equipment described in this User Data Package will greatly reduce the
already low air emissions from Navy FFTFs, and save about half the cost of the
propane used. If all 18 Navy FFTFs are retrofitted, the cost to the Navy will be about
$582,000, and propane savings per year will be about $100,000 at current FFTF
utilization rates.

The already low emissions of air pollutants by the FFTFs will be reduced by a factor
of 2, primarily because less propane is used. The air admixture to the propane will
reduce or eliminate the buildup of carbon (soot) on the burners, and in tests to date,
the elimination of this carbon leads to a carbon monoxide emission of substantially
zZero.

To maintain the same compartment temperatures in the FFTFs with half the flow of
propane, the ventilation airflow through the FFTFs will have to be reduced by a factor
of 2. Existing FFTFs are equipped with controllable speed fans and adjustable
dampers to permit easy adjustment to the ventilation airflow. Reducing the
ventilation airflow will have no effect on the safety of the trainees because they wear
breathing equipment. Even if they lost their breathing protection, the fresh air
flowing up through the floor grates would provide enough air to ensure their safety.

Reducing the ventilation airflow has another advantage. With less air to dilute the
artificial smoke introduced into the training compartment, the smoke will be denser,
hence more realistic for training. Alternatively, less smoke agent can be used, further
reducing the emissions of air pollutants from the FFTFs.

Exhaustive tests described in this User Data Package establish that with a 50-50 mix
of air and propane by volume there will not be detectable changes in the appearance
or size of the flames or operational changes in the FFTFs.

The equipment is carefully engineered and manufactured to maintain safety under all
conditions. It needs no protection from the weather, operates automatically, and
requires little maintenance.

RECOMMENDATIONS

It is recommended that Navy commands of FFTFs consider the use of this equipment,
particularly if there is a need to meet tightened local environmental restrictions.
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e A full-scale demonstration should be conducted at one of the existing fire fighting
training facilities. This demonstration should be properly conducted to ensure no
disruption of the training activity.

e Integration of the automatic 50-50 air-propane proportioning device to the existing
computer-controlled console in the FFTFs should be made prior to a full-scale
demonstration.
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APPENDIX A

CHEMICAL ANALYSIS RESULTS
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THE ARMY CENTER FOR HEALTH
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Table A-1. Analysis of Exhaust Gas From Bagged Samples
By Army Center for Health Promotion and Preventative Medicine
Edgewood, MD. Analysis of 25 May 2000

Compound LAB BLANK 1 2 3 4 5
(PPM) (PPM) (PPM) (PPM) (PPM) (PPM)

Methane <1.7 128 28 58 560 1.9
Ethylene <1.7 34 8 8.8 127 <1.7
Acetylene <1.7 174 38 87 770 <1.7
Ethane <1.7 <1.7 <1.7 <1.7 3.6 <1.7
Propylene <1.7 <1.7 <1.7 <1.7 <1.7 <1.7
Propane <1.7 <1.7 13 <1.7 <1.7 <1.7
Propyne <1.7 2 <1.7 <1.7 <1.7 <1.7
Butane <1.7 <1.7 <1.7 <1.7 <1.7 <1.7
Pentanc <1.7 <1.7 <1.7 <1.7 <1.7 <1.7
Hexane <1.7 <1.7 <1.7 <1.7 <1.7 <1.7
CO, N/A 43,500 29,500 34,500 34,500 300

N/A Not Analyzed

Note: Samples were diluted 30 fold with helium prior to CO; analysis. CO; values are + 500
PPM

The first step is to calculate the amount of propane that was burned to furnish the gases in the
sample. Virtually all the propane burned formed CO,, measured here as 43,500 parts per-million
(ppm). But three CO, molecules are formed for each molecule of propane. To be consistent, the
amounts of gas will be expressed in terms of ppm of gas in the bag. The propane burned, if it
had not been burned but has been collected in the bag, is 43500/3 or 14,500ppm.

Methane was measured as 128 ppm. The mole fraction of methane formed per mole of propane
is then, 128/14,500 = 0.009. The molecular weight of methane is 16. So the weight of methane
formed per gram mole of propane burned is (0.009 x 16) = 0.142 grams. Since 1 mole of
propane weighs 44 grams, the amount of methane formed [er unit weight of propane is 0.142/44
= 0.004 grams/gram or pounds/pounds of propane burned.
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APPENDIX B
SAFETY AND AUTOMATIC OPERATIONAL FEATURES

OF THE VAPORIZER/MIXER AND
“STABILAIRE” LIQUID LPG PUMP PACKAGE
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VAPORIZER/MIXER

The unit has a solid state control system in the control box that controls all operation and
continuously monitors the safety of the system.

The control box is explosion proof, Class 1, Division 1, Group D, as defined in National
Fire Protection Association (NFPA) Standards 58 and 70. All electrical components that can
cause ignition are located in the control box. While it is possible that accidental leaks in the
propane piping can mix with air and create combustible or explosive mixtures, there are no
ignition sources in the equipment that can be contacted by the adventitious gas cloud.

A venturi system is used to mix air into the vaporized petroleum gas stream in the
equipment. This limits the amount of air entrained by the mechanical design of the venturi, and
of course, no air at all is entrained unless the vaporized fuel is flowing through the venturi at the
design pressure, which causes the pressure at the venturi throat to fall below atmospheric
pressure. There is no danger that this air/fuel mix will burn or explode, since approximately 1/5
the amount of air needed to reach a combustible limit can be entrained. The air/fuel blend is too
rich to burn.

The heated core of the vaporizer is maintained between 200 and 210°F by a dual unit
solid state sensor and the control board. Each sensor unit can tell the control board to shut down
the equipment if it senses an overtemperature. The fuel inlet solenoid valve will not open until
the heater temperature is high enough to vaporize the liquid propane. If the liquid level in the
vaporizer gets too high, a float operated level device will shut the inlet solenoid valve.

The accumulator tank pressure, at 14 or 16 psig, is too low for liquid propane to exist in
that tank. This means that even if a sustained fire could exist outside the tank, a Boiling Liquid
Expanding Vapor Explosion (BLEVE) can not occur. The BLEVE phenomenon has been
known to occur with railroad tank cars in train accidents. When metal failure releases the
pressure over hot liquid in the car, it boils rapidly, the vapor becomes ignited, and the burning
gas cloud causes radiant heat that can kill fire fighters.

A safety relief valve on the accumulator prevents the pressure from exceeding the preset
value (a little over 20 psig). A safety relief valve, set at approximately 150 psig, is also installed
on the vaporizer.

The propane inlet solenoid valve also closes in case of accumulator overpressure.

The entire vaporizer/mixer unit will not suffer any damage if for some reason it is
energized in “dry” (no liquid propane) conditions.
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“STABILAIRE” LIQUID LPG PUMP PACKAGE

The unit has an explosion proof motor, meeting the requirements of NFPA Class 1,
Division 1, Group D. Therefore, it will not ignite a cloud of air-gas mixture that might exist in
the vicinity due to an accidental propane leak.

The motor bearings do not require lubrication or maintenance of any kind.

It has a pressure relief valve that sets the output pressure by returning excess fluid to the
storage tank. An additional relief valve internal to the pump recycles fluid if the return line and
the delivery line are blocked (such as by the valves inadvertently being closed). A strainer
installed in the inlet line prevents pump damage due to debris in the propane. A relief valve is
also installed on the system outlet line in case valves are closed locking liquid propane in this
line.

A bypass check valve is included so that the pump need not be operated in case the vapor
pressure in the storage tank is high enough to operate the vaporizer/mixer.
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APPENDIX C

OPERATION AND MAINTENANCE MANUALS
FOR SAM DICK INDUSTRIES

*XPV PACKAGED VAPORIZING/MIXING SYSTEM
MODELS XPV2.5 THROUGH XPV28.0

AND

*STABILAIRE LIQUID LPG PUMP PACKAGES
MODELS: BS1 THROUGH BS3
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95 Sam Dick Industries

‘c’ 8 subsidiary of Eclipse, Inc.

Packaged Vaporizing/Mixing System
Models: XPV2.5 through XPV28.0

OPERATION & MAINTENANCE MANUAL

PO. Box 70498, 1140 N.W. 46th Street, Seattle, WA 98107, U.S.A.
Tel.: 206-789-5410 Fax: 206-789-5414
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WARNING

Read this OPERATION MANUAL before operating this equipment.

NOTE: Sam Dick Industries, Inc. reserves the right to
use alternate manufacturers’ components as
vendor delivery applicability dictates. Literature
contained in the Operation Manual has been
supplied by vendors. Please check to be sure
supplied data matches your configuration.
Contact Sam Dick Industries if any questions
exist.

This equipment uses LPG, a flammable fuel handled under
pressure. Inherent hazards exist and a thorough understanding
of the equipment is required to allow safe operation and
maintenance. -

Allow only a TRAINED and FULLY QUALIFIED PERSON to
service this equipment.

Any time a components must be replaced, use the same type,
model, etc. DO NOT SUBSTITUTE! The consequences from
such actions are unpredictable and may lead to dire
consequences. When components are replaced with
components not approved for use in our FM/CSA listed
equipment, the FM/CSA listing becomes void for that unit.




&2Sam Dick Industries 1SO 9001

...a subsidiary of Eclipse, Inc. Certified

WARRANTY REGISTRATION ggggn?:rqg::\t/?ce Department

Type of Equipment: Serial Number:
SDI Sales Order #: Order Date:
Purchased By:

To help us give you better service, please fill out this warranty registration form and return it to us so we
can register your purchase and follow up on the performance of our equipment. We are dedicated to
producing a quality product and if you have a problem, we want to know about it. Please help us with a
small amount of information about your company and about how you are using the equipment. If you
need to call us, please have the type of equipment and the serial number handy so we can give you
accurate information. If you have had any kind of problem with this equipment up to now, or you have
any comments, please attach a separate sheet to this form to tell me about it. Keep a copy of this for
your records.

End Customer/Company Name:

Address: Tel:
City: State: Zip: Fax:
Name of individual to contact for follow up information:
Title:

Usage - Circle one: Base Load Standby System

Peak Shaving Other:
In what industry is the equipment being used? SIC Code:
When was the equipment put in service? / /

Note: If you have more than one piece of our equipment, fill out one warranty sheet and staple
the others to it. Weill do the rest.

How can we better meet your needs?

Innovative Solutions to Energy Challenges

1140 NW 46 Street Internet:
PO Box 70498 Tel: 206.789.5410 eclipsenet.com/sdi
Seattle Washington 98107 USA Fax: 206.789.5414 sdi.thomasregister.com
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&% Sam Dick Industries

....a subsidiary of Eclipse, Inc.

Attn: Customer Service Department
P.O. Box 70498 '
Seattle WA 98107




NOTICE

Sam Dick Industries, Inc. (SDI) shall not be liable for technical and/or editorial errors in
this manual nor omissions from this manual. SDI makes no warranties, express or implied,
including the implied warranties of merchantability and fitness for a particular purpose with
respect to this manual, and in no event shall SDI be liable for any special or consequential
damages including, but not limited to, loss of production, loss of profits, etc.

Product names used herein are for manufacturer or supplier identification only and may
be trademarks/registered trademarks of these companies.

Copyright ® 1997
by Sam Dick Industries, Inc.
Seattle, WA 98107

All rights reserved. No part of this manual may be reproduced or copied in any form or by
any means - graphic, electronic, or mechanical - without the prior express written consent
from Sam Dick Industries, Inc., Seattle, WA., USA
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;-?5 Sam Dick Industries
od "y

a subsidiary of Eclipse, inc.

Packaged Vaporizing/Mixing System
Models: XPV2.5 through XPV28.0

—
1. INTRODUCTION

The XPV Liquefied Petroleum Gas (LPG) vaporizing/mixing systems from Sam Dick In-
dustries are self-contained units providing a mixture of LPG gas and air which can re-
place natural gas. These explosion-proof systems are compact and made to very strict
standards so they can be installed almost anywhere. Operation is quiet, reliable, safe
and automatic. Solid state electronics make control of the mixing process simple and
easy. An accumulator tank enables the venturi to cycle on and off to meet the required
load demand.

2. DESCRIPTION

The XPV compact LPG vaporizer/mixer systems are available in various propane mod-
els providing a gas/air mix from 2.5 to 28 million BTU at pressures from 5 to 12 PSIG
depending on the model selected. Other models are available for butane and bu-
tane/propane mixtures. The gas/air mix provided is compatible with natural gas and
may be used as a direct replacement for it without adjustments to your burner systems.

This combination system uses our proven XP electric vaporizer to vaporize the LPG
and the same atmospheric venturi system used on our reliable Vaporaire mixing ma-
chines. The gas is mixed and stored in the accumulator tank to provide uninterrupted
flow of mixed gas from full flow to no flow, automatically.

All models are explosion-proof and meet the requirements of Class |, Division 1, Group
D as defined by NFPA Pamphlets 58 and 70. That classification allows you to install
them almost anywhere with minimum clearances for convenient installation.

Operation is automatic. To start the system, simply open the liquid inlet hand valve and
press the “start” switch. A solid state control system controls all operations and continu-
ally monitors the safety of the system. When the system is on, mixed gas is available
immediately. If the system is off, it takes less than one minute after the start switch is
pressed to be ready to provide gas at full flow.

Power requirements vary depending on the size and model of the system. Please refer
to the data sheet provided in Appendix B of this manual for the specific requirements for
your system.

The combination of explosion-proof vaporizer and venturi, accumulator tank and solid
state control make XPV systems completely safe and reliable regardless of where they
are installed.




A liquid pump, such as the Sam Dick Industries Stabilaire pump system, may be re-
quired to provide sufficient gas pressure for the mixing process. The required pressure
for your system is indicated on the data sheet in Appendix B of this manual. If your sup-
ply tank will not provide the required pressure under all expected conditions, a pump will
be needed.

The drawings on pages 9 through 13 identify the components of the XPV system. The
number references in the following description of operation refer to the drawing on page
9 for external components and on page 13 for control components.

THE VAPORIZER: The vaporizer is composed of multiple resistance heating elements
imbedded in a finned aluminum heat exchanger core. An RTD temperature sensor (31)
and a solid state control system (24) maintain the heater core temperature at 200 to
210° F. Liquid LPG enters the vaporizer through the inlet solenoid valve (27) and
comes in contact with the heater core. The LPG extracts heat from the core and vapor-
izers. When the core cools to the set temperature the control system turns the heater
contactor on heating the core as needed to maintain temperature. The control board
also provides the logic to shut off the system if an unsafe condition exists.

THE MIXER: The pressure of the vaporized LPG from the vaporizer closes the low va-
por switch (5) and activates the venturi control circuit after an initial time delay. The ven-
turi solenoid (9) opens, feeding LPG vapor through a pressure regulator (7) and then
through the venturi nozzle (17). The LPG creates a pressure lower than atmospheric
pressure in the venturi housing (6) as it exits the venturi nozzle. The air and the LPG
streams are mixed and compressed in the diffuser section (18) and pressurize the accu-
mulator. When the pressure in the accumulator reaches a preset level, the venturi sole-
noid valve (9) closes. As the mixed gas is used, the tank pressure drops, the venturi
control switch (1) closes and the solenoid valve opens again to refill the tank.

WARNING: The contactor that powers the heaters produces sparks
which may ignite any propane vapors in the area when

m}}m the control box cover is removed. If the cover must be
> removed, first shut off the power, remove the cover and
check very carefully for LPG fumes, leaks or any indi-
cation of LPG in the atmosphere.

Do not re-apply power if LPG fumes are present.
They may ignite!

Keep a fire extinguisher available in the immediate vici-
nity before re-applying power when the control cover is
removed.
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LIQUID LINE REFERENCE DRAWING
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NOTE:

Frost on the liquid line indicates propane is vaporizing due
to a restriction that causes a pressure drop.

If the inlet pipe is too small, the LPG vaporizes before it
enters the vaporizer causing a drastic drop in efficiency.

Wrong size inlet pipes can reduce output as much as
50%. When referring to the line sizing chart, note that
the pipe sizes recommended are minimum size.

Restrictive valves or other devices may also cause frosting
on the liquid line resulting in a pressure drop.

If pressure drop is excessive a liquid pump may be required.

c%um . LPa

LIQUID ~ VAPOR
S

INSIDE

LPG VAPORIZES IF INLET PIPE IS TOO SMALL -




LIQUID LINE

Size the liquid line from the storage tank to the vaporizer to supply the vaporizer
at full capacity with a minimal pressure drop. A liquid line sizing chart is provided
on page 7. Install a liquid line strainer with magnet at the vaporizer inlet.

CAUTION: A liquid pump must be installed if the pressure drop in
the liquid line exceeds the hydrostatic liquid head in the

storage tank. ONE FOOT OF LIQUID PROPANE EQUALS
.21 PSI! Liquid line frosting is a sure indication of too
much pressure drop in the liquid line.

LIQUID PUMP

Pressure in the LPG storage tank depends on ambient temperature. Install an
S.D.l. STABILAIRE liquid pump beneath the storage tank if the saturation pres-
sure is inadequate. Refer to the data sheet provided in Appendix C of the man-
ual to determine the pressure required for your specific system.

A IE \"

Always install the raincap or similar device (if removed) to prevent water and
other debris from entering the relief valve discharge port. If water enters, it may
freeze and prevent the relief valve from proper discharge, creating a potentially
hazardous situation.

ELECTRICAL SERVICE

The data sheet in Appendix B of this manual provides proper electrical power re-
quirements, wiring diagrams and schematics. This unit meets Class I, Division 1,
Group D requirements. Wiring to the unit must meet the applicable codes for the
area in which it is being installed. Provide a fused disconnect outside of the clas-
sified area. Ifit is not within sight of the vaporizer, it must have a locking device.
Run wire within rigid conduit (see page 8 for recommended wire sizing chart),
and install a seal-off at the connection of the field conduit to the vaporizer. The
seal-off must be installed within 18" of the enclosure connection point.

Install in accordance with applicable codes and local regulations as re-
quired. :




LPG LIQUID LINE SIZING CHART
(MINIMUM PIPE SIZE)

Distance in feet from storage to vaporize

, [200%:7] 300 5 - 400
1" 1" 11/4" 11/4" 11/4"
through
XPV7.0
XPV10.5 1" 1" 11/4" 11/4" 11/4" 112" 112" 11/2"
XPV14.0 1" 11/4" 11/4" 11/4" 11/4" 112" 112" 11/2"
XPV21.0 1" 11/4" 11/4" 11/4" 112" 112" 112" 11/2"
XPV28.0 1" 11/4" 11/4" 11/2" 11/2" 11/2" 112" 11/2"

EQUIVALENT PIPE LENCIé‘-I'!'rI_-II_I(r?JEVARIOUS VALVES AND
LENGTH IN FEET

* Add equivalent length of all valves and fittings to the length of pipe. Use this value from the tables shown above

to determine minimum pipe size.




XPV RECOMMENDED WIRE SIZING CHART*

VAPORIZER| ...

XPV2.5 through XPVZ.0|  XP\

.~ MODEL |
208 497
220 52.6
240 57.3
380 30.3
415 33.1
440 26.3
480 28.7

NOTES:

*Recommended minimum AWG wire size, based on one conductor per phase, three
line conductors maximum per conduit, 75° C rated wire, and a maximum wire
length of 150 ft. Wire sizing must be based on 125% of rated load and 3%
maximum voltage drop. Use Class B or class C stranded wire with untinned ends.

**The XPV 21.0 must have two power feeds since it requires two XPV 10.5 units to
make the XPV 21.0.

**The XPV 28.0 must have two power feeds since it requires two XPV14.0 units to
make the XPV 28.0.
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E. XPV MAJOR COMPONENT IDENTIFICATION

(Ref: Pages 9 through 13)

1.

WWWWWWWNNNDNNNNDNNNNDND A @G
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Venturi Pressure Control Switch

A. “On” pressure adjustment

B. “Off” pressure adjustment

Mixed Gas Pressure Gauge

High Tank Pressure Switch

Inlet Vapor Pressure Gauge

Low Vapor Pressure Switch

Venturi Housing Assembly .
Venturi Vapor Pressure Regulator

Venturi Motive Pressure Gauge

Venturi Vapor Solenoid Valve

Inlet Safety Solenoid Valve (closes with tank over-pressure)
Accumulator Tank Drain Valve (by others)
Venturi Shut-off Valve (vaporizer outlet shut-off valve), Isolation Valve
Control Box

Accumulator Tank Relief Valve

Mixed Gas Discharge Valve (by others)

Air Intake Silencer

Nozzle

Diffuser

Air Inlet

Mixed Gas Accumulator

Vaporizer Relief Valve

Accumulator Tank Mixed Gas Discharge Pressure Adjusting Screw
Air Intake Check Valve Assembly

Control Board Assembly

Vaporizer

Inspection Opening

LPG Inlet

Start Button

Stop Button

Electric Supply Connection Point

Vaporizer Temperature Sensor

Vaporizer Liquid Level Switch

Time Delay Relay

" Venturi Control 