LESSON 11 

NOZZLES, FIRE STREAMS, AND FOAM

OUTLINE
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Operating Hoselines (NFPA 1001: 3-3.9)

Stream Application, Hydraulics, and Adverse Conditions (NFPA 1001: 3-3.7, 3-3.9, 4-3.2)

Types of Foam and Foam Systems (NFPA 1001: 4-3.1)

Foam Characteristics (NFPA 1001: 4-3.1)

Classification of Fuels (NFPA 1001: 4-3.1)

Application of Foam (NFPA 1001: 4-3.1)

Lessons Learned

Key Terms

Review Questions

Endnotes

Suggested Readings

CLASS ASSIGNMENT

Prior to this lesson:
Read Firefighter's Handbook, Chapter 11, 
pages 265-290

Length:
3 hours

Equipment/Supplies:
Course outline


Transparency masters--Chapter 11


PowerPoint Presentation--Chapter 11


Overhead projector, slide projector, or LCD display

Instructor's note: Before teaching this lesson, make sure you are comfortable with the basic concepts and formulas dealing with hydraulics that are presented in this lesson.

OBJECTIVES

After completing this lesson, students should be able to:

· Define a fire stream.

· Identify the purposes of a fire stream.

· Identify the various types of fire streams.

· Identify the types of nozzles.

· Explain the pattern and use of each type of nozzle.

· Demonstrate the operation of the various types of nozzles.

· Explain the operation and characteristics of the various sizes (diameters) of fire streams.

· Explain the reach and application of various sizes of fire streams.

· Identify the three types of fire attack.

· Explain the factors in choosing the type of fire attack.

· Identify and explain the principles of hydraulics relating to fire streams.

· Define and explain friction loss.

· Define and explain nozzle pressures and reactions.

· Define and explain elevations as a factor in fire streams.

· Explain adverse factors in the operation of fire streams.

· Explain the selection factors for fire streams in overall fire operations.

· Define foam.

· Identify the types of foam.

· Explain the principles of foam and fire suppression.

· Explain the operation of foam-making equipment.

INTRODUCTION

Firefighter's Handbook, page 267

Time: 10 minutes
Key Points

· Fires are usually extinguished using water to cool the heat produced.

· Foam is used to extinguish fuels where water is ineffective.

· Water and foam are delivered at the proper quantity using nozzles and fire streams to reach the seat of the fire.

· Selection of the proper nozzle gives the attack crew the tools needed to successfully fight the fire.

DEFINITION OF FIRE STREAM

Firefighter's Handbook, page 267

Time: 5 minutes
Key Points

· A fire stream is water or another agent as it leaves the nozzle toward the fire.

· Properly developed and aimed fire streams are successful in extinguishing fires.

· Poorly developed or improperly aimed fire streams allow the fire to continue to burn.

· A proper fire stream is one that has sufficient volume, pressure, and direction and reaches the target in the desired shape or form and pattern.

· Firefighters need to understand fire streams and how they are applied to various firefighting situations.

NOZZLES

Firefighter's Handbook, pages 267-274

Time: 30 minutes

Key Points

· Nozzles are the appliances that apply the water or extinguishing agent.

· There are two basic types of nozzles.

· A solid bore nozzle is also called a smooth bore, straight bore, or solid tip.

· The other type of nozzle is the fog nozzle.

· Both types come in different styles.

· Combination nozzles are capable of providing straight stream and spray patterns, which can be adjusted and varied.

· Firefighters should be aware that each type of nozzle has its advantages and disadvantages.

· Important factors in nozzle selection are the nozzle's pressure, flow, reach, reaction, and stream shape.

· Nozzle pressure is the pressure required for effective nozzle operation and relates to flow and reach.

· Nozzles are designed to operate at certain pressures, usually between 50 and 100 psi.

· Nozzle flow is the amount or volume of water that a nozzle will provide at a given pressure.

· Flow is measured in gallons per minute or liters per minute (gpm or lpm).

· Nozzle reach is the distance water will travel after leaving the nozzle.

· Reach is measured in feet or meters.

· Reach is affected by the shape, pressure, wind direction, gravity, and friction of the air.

· The angle of the nozzle can also affect the reach.

· Maximum horizontal reach is optimum at 32 degrees, while maximum vertical reach is obtained at 65 to 70 degrees.

· A stream pattern is the arrangement or configuration of water droplets or foam as they leave the nozzle.

· The shape of the pattern helps determine the reach of the fire stream.

· Nozzle reaction is the force of nature that makes the nozzle move in the opposite direction of the water flow.

· The nozzle operator must counteract or fight the backward thrust exerted by the nozzle to maintain control of the nozzle and direct it to the correct location.

· Nozzle pressure and stream shape will affect nozzle reaction.

Solid Tip or Stream

· Solid tip, solid stream, or smooth bore nozzles deliver an unbroken or solid stream of water at the tip and toward the fire.

· The solid stream nozzle can deliver its water as a solid mass or cone of water or, when bounced off a ceiling, wall, or other object, as large water droplets.

· This solid mass breaks or shears apart the farther the water travels.

· The solid stream nozzle's flow is a factor of the tip size at a certain nozzle pressure.

· Excessive or reduced nozzle pressures have adverse effects on stream performance.

· Handlines use tips from ½ to 1 ¼ inches at 50 psi and master streams use tip sizes of 1 ¼  inches and larger at 80 psi.

· Solid stream handlines can reach over 70 feet and master streams about 100 feet.

· They have the ability to penetrate through the fire's heat without absorbing the heat before reaching the target.

· A solid stream has less effect on a room's thermal balance.

· A solid stream has good penetration into piles of materials to quench the fire.

· Disadvantages to a solid stream are that there is no volume control and there is a higher nozzle reaction at the same pressure than a fog nozzle.

Fog

· Fog nozzles deliver either a fixed spray pattern or a variable combination pattern.

· Fixed spray pattern nozzles are of the impinging design in which the nozzle has a series of holes at the end that creates a water spray.

· Variable fog patterns vary from the straight stream pattern to a wide-angle fog pattern of at least one hundred degrees.

· The constant or set volume nozzle has one set volume at a set pressure and the only adjustment is the pattern.

· Variable, adjustable, or selectable gallonage nozzles allow the nozzleperson to select from two or three flow choices, as well as the pattern.

· An automatic or constant pressure nozzle has a flow that can be adjusted by the pump operator. The operator increases the pressure, which in turn increases the gallons flowing.

· Fog nozzles have traditionally operated at 100 psi, but new low-pressure nozzles operating at 50 or 75 psi have been approved.

· The lower pressure gives the same volume, but the nozzle reaction is reduced. Therefore, greater lengths of hose can be used when at the maximum pump pressure.

· Fog nozzles provide good reach varying with the pattern from 25 to 100 feet.

· Fog nozzles also provide good penetration.

· Fog streams can produce more steam, which can extinguish hidden fire and is good for an indirect attack.

· Fog steams can be used as a fan due to their ability to move large volumes of air.

· The fog nozzle can be used to assist in horizontal ventilation.

Straight Stream

· The straight stream nozzle pattern creates a hollow type stream that is similar in shape to the solid stream pattern.

· As the straight stream passes around the baffle of the nozzle, an opening is created in the pattern, which allows air into the stream and reduces its reach.

· Newer fog nozzle designs only have this hollow effect from the tip, and it is a short distance to refocus the stream to create a solid stream.

Special Purpose

· Special purpose nozzles were developed for use in limited types of situations.

· Cellar nozzles and Bresnan distributors can be used to fight localized fires in basements or cellars when firefighters cannot make a direct attack on the fire.

· Piercing nozzles were designed to penetrate the skin of aircraft, but now have been modified to pierce through building walls and floors.

· A water curtain nozzle is designed to spray water as protection against exposure to heat.

Playpipes and Shutoffs

· Some nozzles or nozzle tips are placed on hoselines for occupants to use, not for firefighters or the fire brigade.

· The shutoff at the nozzle places control of the water flow with the nozzleperson.

· The lever, bale, or handle types are the most commonly used nozzles, which operate in a line with the waterway, usually by moving a ball valve.

· The shutoff is opened by pulling back on the lever and closed by pushing the handle toward the nozzle.

· The shutoff can be built into the nozzle or as a break-apart type as a shutoff, pistol grip, or playpipe.

Nozzle Operations

· The nozzleperson controlling the shutoff, tip size, and aim operates a solid stream nozzle.

· Screwing them on or off is one way to change tips. Many are designed to stack onto each other.

· Fog nozzles have either the lever type of open/close shutoff, or the rotating type.

· The fog pattern can be adjusted by rotating the nozzle barrel counterclockwise to move from a straight stream to a narrow fog to a wide-angle fog.

· Rotating clockwise adjusts the pattern the opposite way.

· Fog nozzles with variable gallonage have an additional ring on the collar that rotates from one gallonage to the next.

· Both gallonage and pattern adjustments can be detected in the dark because the nozzle clicks in each position.

OPERATING HOSELINES

Firefighter's Handbook, pages 274-275

Time: 15 minutes
Key Points

· Most hoselines are operated from a crouching or kneeling position, but lying, standing, or sitting positions are also used.

Small-Diameter Handlines

· Small-diameter handlines are typically 1 ½, 1 ¾, or 2 inches in diameter.

· The flow on small-diameter handlines is usually between 100 to 250 gpm.

· At low flow volumes, small diameter handlines can be operated by one person. However, at larger volumes, two people are needed.

· Both fog and solid tips can be used for small lines.

· Small lines can extinguish one to three rooms of a fire.

Medium-Diameter Handlines

· Medium-diameter hose for handlines is 2 ½ inches and may be used with solid tip or fog nozzles, flowing from 165 to 325 gpm.

· This size hoseline is effective when larger volumes of fire, up to an entire floor, are encountered and additional reach and higher flow rates are needed.

· The 2 ½  inch hose has been a standard in the fire service. However, many departments have switched to the more popular 1 ¾ and 2-inch handlines.

· Medium-size hoselines usually require two or more personnel to operate them.

Master Stream Devices

· Master stream devices are capable of flowing over 350 gpms.

· These devices are used when large volumes of water are needed.

· These devices must be mounted or secured properly, and safety should be a major concern when in operation.

STREAM APPLICATION, HYDRAULICS, AND ADVERSE CONDITIONS

Firefighter's Handbook, pages 275-281

Time: 30 minutes
Key Points

· The application of fire streams depends on the method of fire attack and the conditions encountered, including environmental factors and water supply.

· The fire stream must have the proper pressure and flow.

· An understanding of hydraulics is needed to assure proper pressure and flow.

Direct, Indirect, and Combination Attack

· Direct fire attack is used to attack the fire by aiming the flow of water directly at the seat of the fire.

· Indirect fire attack is used to attack interior fires by applying a fog stream into a closed room or compartment, converting the water into steam to extinguish the fire.

· The estimated quantity of water applied is the amount needed for a total conversion of enough steam to fill a room.

· Because the entire space is filled with steam, the indirect attack should not be used when people are in the space.

· A combination fire attack uses a blend of the direct and indirect fire attacks, with firefighters applying water to both the fuel and the atmosphere of the room.

· For a combination attack, the nozzle is opened and directed toward the ceiling and then rotated in a circular pattern.

· This allows water to reach the fire and the atmosphere at the same time, while steam is created to extinguish any hidden fires.

· Ventilation with the combination attack controls the flow of fire gases and steam.

Basic Hydraulics, Friction Loss, and 
Pressure Losses in Hoselines

Instructor's note: Before teaching this section, you should be familiar with the hydraulic principles and formulas presented in the text.

· Hydraulics is the study of fluids at rest and in motion, which describes the flow patterns of water supply and fire streams.

· An effective fire stream must have sufficient volume and pressure and be delivered in the correct form.

· As the hydraulic principles area is a whole field of study, we will only look at the basics.

· Pressure is required to lift, push, or move water.

· Pressure is force divided over an area, expressed in pounds per square inch (psi) or kilopascals (kPa) where 1 psi 5 6.895 kPa.

· Force is a measurement of weight and is measured in pounds or kilograms.

· Water weighs about 62.4 pounds per cubic foot, creating a force of 62.4 pounds.

· Pressure can also be measured in feet of head or the height of a column of water.

· Atmospheric pressure is the pressure exerted by the atmosphere or the weight of air at the earth's surface.

· At sea level, atmospheric pressure is 14.7 psi. Gauges reading this pressure show absolute pressure, which is indicated as pounds per square inch absolute (psia).

· Gauge pressure measures pressure minus atmospheric pressure and is measured in psi or pounds per square inch gauge (psig).

· Most fire department readings are from gauge pressure and begin at zero.

· Vacuum (negative) pressure is the measurement of pressure less than atmospheric pressure.

· Fire apparatus capable of drafting have at least one gauge that measures vacuum pressure, called a compound gauge.

· Head pressure measures the pressure at the bottom of a column of water in feet.

· Head pressure can be gained or lost when water is being pumped above or below the level of the pump.

· Velocity pressure is the pressure in a hose being converted to velocity or speed as it leaves the nozzle, thus becoming nozzle pressure.

· Flow is the rate and quantity of water delivered and is usually measured in gallons per minute or liters per minute.

· The needed or required flow is the amount of water required to extinguish the fire and is determined by what and how much is burning.

· The available flow is the amount of water that can be moved to extinguish a fire.

· The discharge flow is the amount of water flowing from the discharge side of the pump.

· Water flow can be determined using a flow meter or pressure gauge.

· When all water flow stops, the system equalizes at the highest pressure in the system or hoseline.

· A sudden stop of water flow creates a water hammer or pressure surge that could damage the equipment, piping, and hosing.

· To calculate the discharge pressure of a pump, the following formula is used:

· EP 5 NP 1 FL 6 E 1 SA

· Engine pressure (EP) is the addition of the other components and is typically the highest value for any of the hoselines.

· Nozzle pressure (NP) is usually a given value for each type of nozzle.

· Instructor's note: Table 11-1 on page 279 in the Firefighter's Handbook in the student manual gives the typical values for the various types of nozzles.

· Friction loss (FL) is the loss of energy from the turbulence or rubbing of the moving water through the hose.

· Friction loss can be calculated using the formula FL 5 Q2 3 c 3 L.

· Elevation (E) can be a positive number if the nozzle is above the level of the pump, or a negative number if the nozzle is below the pump.

· Special appliances (SA) or appliance friction loss is the friction loss created by movement of water through the valves and turns of the appliances.

Adverse Conditions That Affect Fire Streams

· The major natural factor affecting a fire stream is the wind and wind direction.

· Gravity and air friction are also natural factors.

· These conditions cannot be removed, but getting the stream closer to its target or in a better position allows these effects to be reduced.

TYPES OF FOAM AND FOAM SYSTEMS

Firefighter's Handbook, page 281

Time: 10 minutes
Key Points

· Foam is an aggregate of gas-filled bubbles formed from aqueous solutions of specially formulated concentrated liquid foaming agents.

· The mechanical action of mixing the foam concentrate in the water makes a foam solution to which air is added.

· Combining these three components makes the foam lighter than the flammable liquids and gives it the ability to float over their surface.

· Class A foam is an aggregate of gas-filled bubbles formed from aqueous solutions of detergent or soap-based surfactants.

FOAM CHARACTERISTICS

Firefighter's Handbook, pages 281-282

Time: 20 minutes
Key Points

· Foam's ability to extinguish fires is based on several characteristics.

· Application rate is the amount of foam or foam solution needed to extinguish a fire and is expressed in gallons per minute per square foot (gpm/ft2).

· Application rates vary depending on the fuel type, severity, and fuel depth (see NFPA Standard 11).

· Application rates must be maintained for a minimum amount of time and additional foam will need to be reapplied to any remaining fuel to prevent reignition.

· Heat resistance is the ability of the foam to stand up to the heat from the fire or the hot surface near the fire.

· Knockdown speed is how fast the foam spreads across the surface of a fuel.

· Fuel resistance is the ability to tolerate the fuel and to avoid being saturated or picking up the fuel.

· Vapor suppression is the ability to contain or control the production of fuel vapors.

· Protein foam is made from chemically broken down natural protein materials.

· Fluoroprotein foam was designed as improved protein foam and has a fluorinated surfactant added.

· This surfactant allows the foam to be dipped into the fuel.

· Aqueous film-forming foam (AFFF) is made from fluorochemical surfactants and synthetic foaming agents that have a quick drain-down time.

· This feature creates a liquid that forms a film or layer of water that spreads quickly over the surface of the flammable liquid.

· AFFF can be applied with regular fog nozzles, and comes in an alcohol-type concentrate.

· Fluoroprotein film-forming foam (FFFP) combines protein with the film forming fluorosurfactants of AFFF to improve the qualities of both types of foam.

· Detergent-type foams use synthetic surfactants to break down the surface tension of water and create a foaming blanket.

· A special type of detergent foam is used for high expansion foam, which is used to fill up entire areas such as mine shafts or buildings.

CLASSIFICATION OF FUELS

Firefighter's Handbook, pages 282-283

Time: 15 minutes
Key Points

· Foams are used for Class A and B fires.

Class A

· Class A material can be extinguished using a wetting agent, which is often a detergent-like substance, to help extinguish the fire.

· Disadvantages of Class A foams include the cost of equipment and agent, possibilities of equipment failure, possible effects on the environment, and fire investigation laboratory tests.

Class B

· Class B fuels includes two categories of flammable liquids: hydrocarbons and polar solvents.

· Since gases should be extinguished by shutting off the flow of the fuel, foam should not be used on them.

· Hydrocarbons cover a wide range of substances in forms from gaseous to liquid to semisolid and solid.

· These types of fuels do not mix with water; they are not miscible or water soluble.

· Large quantities of foam work best on these types of fires.

· Polar solvents mix with water and this ability causes either a breakdown of the foam or a mixing of flammable vapors into the bubbles of ordinary foams.

· To prevent the breakdown of ordinary foams, special foams called polar solvent-type, alcohol-resistant concentrate, or alcohol-type foams have been developed.

· These polar solvent-type foams create a polymeric barrier that separates the polar solvent from the liquid of the foam.

APPLICATION OF FOAM

Firefighter's Handbook, pages 283-289

Time: 30 minutes

Key Points

· Foam is a mixture that requires a device to proportion, meter, or mix the foam concentrate into the water. Air must then be added to the solution.

· Concentrations are usually expressed as the percentage of foam concentration to water in the solution.

· One common proportioner is an eductor, which works on the venturi principle.

· Several types of eductors can be permanently piped into or added to a hoseline.

· An eductor that is always piped through the venturi is an in-line eductor, and one that has a separate waterway and valve to allow plain water to pass by the venturi is called a bypass eductor.

· In compressed air foam systems (CAFS) or dual-injection systems, the concentrate is in a separate foam tank and a foam pump pumps the concentrate directly into the hoseline, which is metered by a flow-metered microprocessor.

· To finish making the foam, air must be added to the foam solution, normally at the nozzle.

· The various types of foam nozzles, regular foam nozzles, and foam generators have the ability to aspirate various quantities of air into the foam solution.

Fog Nozzles versus Foam Nozzles

· Originally, foam making required a special foam nozzle to properly aspirate the air into the foam solution.

· Today, foam nozzles are designed to aspirate the proper amounts of air and apply the foam to the fuel.

· Foam nozzles are designed for low and medium expansion foams usually having expansion ratios of 8:1 to 20:1 in the low range and up to 50:1 in the medium range.

· Fog nozzles could be used to apply AFFF.

· The major disadvantage is that the expansion ratio is only 8:1 at the high end.

· There are clip-on or snap-on foam nozzle adapters that attach to the fog nozzle and make it a foam nozzle.

· There are three techniques to apply foam from nozzles.

· The first way is the bank-in technique, in which foam strikes the ground before the fire and rolls into the fire.

· The second way is the bank-back or bounce-off technique, in which foam is banked off a wall or other object and the foam rolls back into the fire.

· The third technique is the raindown or snowflake technique, in which foam is sprayed high into the air over the fire and it floats down onto it.

WRAP-UP

Time: 15 minutes

Key Points

· Fire streams are made of water that leaves a nozzle and heads toward a target.

· The two main types of nozzles are the solid tip and fog.

· An understanding of fire streams is not possible without understanding the basic hydraulics of moving water from a source to a target.

· When fuels in a fire are not compatible with water, other agents such as foam must be used.

· Foam requires special equipment to create it, and some special application techniques are used.

Assignment

· Read Chapter 12 in Firefighter's Handbook, pages 293-320

· Optional: Complete Firefighter's Handbook Workbook, Chapter 12

Instructor Preparation

PowerPoint Presentation--Chapter 12

Transparency masters--Chapter 12

Overhead projector, slide projector, or LCD display

Sprinkler heads, wedges, and sprinkler tongs

