Pump Ops 2006
Types of pressure in the fire service:

· Static – pressure exerted in all directions at a point at rest.
· Residual – pressure remaining in a system while water is flowing.
· Flow – forward velocity pressure at a discharge opening when water is flowing.
· Normal operating pressure – pressure found in the water distribution system during normal consumption demands.
· Negative pressure – also called vacuum. Pressure that is less than atmospheric pressure.
Displacement – movement of a given amount of fluid w/ each stroke of a pump.

Critical velocity: turbulence caused when a stream is subjected to excessive velocity.
Head pressure – water pressure due to elevation. For every 1 foot increase in elevation 0.434 is gained. 1 meter in height, 10 kPa is gained.

Hydrant pressure – force of water when it enters the pump from the distribution system.

Net engine pressure – the actual amount of pressure being produced by the pump.

Nozzle reaction – counterforce

Pump discharge pressure – actual velocity pressure (in PSI) of the water as it leaves the pump and enters the hose line
Vacuum – pressure that is less than atmospheric pressure.

Compound gauge – gauge connected to intake side of pump capable of measuring positive ad negative pressure.
Types of pumps in the fire service:

· Positive displacement pump –

· Piston pump

· Rotary gear pump

· Rotary vane pump

· Centrifugal pumps –

· Displacement pump – imparts energy by mechanical displacement; piston, diaphragm, plunger…
· Centrifugal pump – kinetic energy type, imparts energy to liquid by means of centrifugal force produced by rotating impeller.
Major components of the centrifugal pump:
	Discharge
	Casing

	Volute
	Stripping edge

	Impeller
	Hub

	Vanes
	Eye

	Shroud
	


Centrifugal pumps are not self priming and therefore require an external pump to operate from draft.
Primers fall into three categories:

1. positive displacement pumps

2. exhaust primers

3. vacuum primers

To prevent cavitation, the engineer must not discharge more water than the supply can furnish.

Retarders – help slow vehicle reducing the need to use the brakes.

4 types of retarders:

· exhaust

· engine


· hydraulic

· electric

HYDRAULICS:
GPM Formula:
29.7*D2*√NP

29.7*nozzle diameter in decimals squared* the square root of nozzle pressure

Friction Loss Formula:
C*Q2*L

Coefficient*quantity of water (in hundreds (drop last two zeros)) squared*length of hose (in hundreds)
	Friction Loss Coefficients

(common coefficients)

	¾”
	1100

	1”
	150

	1 ¼”
	80

	1 ½”
	24

	1 ¾”
	15.5

	2”
	8

	2 ½”
	2

	3” w/ 2 ½” couplings
	0.8

	3” w/ 3” couplings
	0.67

	3 ½”
	0.34

	4”
	0.2

	4 ½”
	0.1

	5”
	0.08

	6”
	0.05

	Standpipes

	4”
	0.374

	5”
	0.126

	6”
	0.052


Pump Discharge Pressure (also called Engine Pressure):
TPL+NP
TPL (Total Pressure Loss) = Friction Loss + Elevation
NP = Nozzle Pressure

Nozzle Reaction:

Solid Stream

NR=1.57*D2*NP (nozzle pressure)

Fog Stream

NR=.0505*GPM*√NP (nozzle pressure)
FIRE FLOW FORMULAS

NFA:

Length*Width divided by 3

Add 25% flow for each exposure

Adjust flow by % involved plus exposure %

Iowa Formula:

Length*Width*Height divided by 100

Used for steam conversion into an intact compartment, one minute of application.
Water Relays:
Pumping from one engine to another.

Computations are the same as all other engine pressure problems.

Only difference is the nozzle pressure discharge is usually figured at 20 PSI.

(the reason for the 20 PSI is that we want to maintain a slight residual pressure on the second pumper’s compound gauge.

Drafting:

Sea level atmospheric pressure is 14.7 PSI.

Compound gauge on the pump panel reads atmospheric pressure at zero.

The abbreviation for mercury is Hg.

Compound gauges are designed to read in inches of mercury.

One inch of vacuum equals almost exactly one foot of lift. (if a pumper can draw 20 inches of vacuum, it will be able to lift water 20 feet.)

A perfect vacuum is 29.92 inches of mercury. This would provide theoretical lift of 33.95 feet. A perfect vacuum is impossible to achieve. These figures are at sea level.

The maximum distance between the surface of the water and the pump is 20 vertical feet.

Hydrants:
	CLASS
	FLOW - GPM
	COLOR

	AA
	1500 – up
	Lt. Blue

	A
	1000 – 1499
	Green

	B
	500 – 999
	Orange

	C
	< 500
	Red


Factors that affect flow of water in the hydrant;

· size of the outlet

· flow pressure pushing the water

· type of hydrant

Outlet coefficients;

· rounded edges = .90

· squared edges = .80

· screw in threads = .70

size of the pipe feeding the hydrant is important to know when determining the flow of the hydrant.

	2” 60 GPM
	8” 2400 GPM

	3” 160 GPM
	10” 3800 GPM

	4” 350 GPM
	12” 6500 GPM

	6” 1000 GPM
	14” 10,350 GPM


Foam and Foam Appliances:
Ten gallons of foam at 3% will make 333 gallons of foam solution

Foam:

· smothers the fire. Doesn’t allow oxygen to get to the fire

· separates fuel from fire.

· Acts as a cooling agent which lowers the temperature and reduces vapors.

Mechanical Foams:

Includes all foams that are made by agitating a foam solution to entrain air as the bubble filler.

· Class A foam:

· Mixed at 0.1 – 1.0%
· Used on  class A materials.

· Consist of soap and detergents.

· Has the ability to penetrate Class A materials.

· Class B foams:

· Protein – Class B hydrocarbon flammables
· Mixed at 3%; 6%

· Fluoroprotein – Class B hydrocarbon flammables
· Mixed at 3%; 6%

· Detergent – used as low, medium or high expansion foam

· Low – 2 to 20:1

· Medium – 20 to 200:1

· High – 200 to 1000:1

· Aqueous film forming foam (AFFF)

· For class B hydrocarbon flammables

· Mixed at 1%; 3%; 6%

· Creates thin film of water to lay on top of lighter fuels. This film seals in vapors.

· Available in 1,3,6% concentrations. 3&6% are for polar solvents.

· AFFF-AR For class B hydrocarbon & polar solvent flammables (normally mixed at 6%.)
· Can be mixed at 1%-x3%; 3%x3%; 3%x6%

· Film forming fluoroprotein (FFFP) - Class B hydrocarbon flammables
· Mixed at 3%; 6%

· Fuel shedding properties

· Has all the best of the firefighting characteristics of all of the Class B foams.

Eductors:

All foam eductors use venture principal.

Pressure at the eductor has to be maintained at 200 PSI.

Eductor flow rate must match flow rate of the nozzle.

The nozzle cannot be elevated to high above the eductor.

Maximum hose lay:

	60 GPM system – 1 ½” – 300 ft.
	1 ¾” – 600 ft.

	95 GPM system – 1 ½” – 150 ft
	1 ¾” – 300 ft.

	120 GPM system – 2 ½” – 750 ft
	


Around the pump proportioner:

· higher flows

· foam to all discharges

Discharge side proportioner:

· no foam in pump or water tank

· increased accuracy for class A foams

· dual agent capabilities

· works with most nozzles

· limited discharges

Inline or bypass eductor:

· Simple design

· Most common

· Nozzle limitations

· Pressure minimums

· Hose line limitations

Foam application rates:

Spill fires – enough foam to sustain flow for minimum of 15 minutes.

Hydrocarbons-

· AFFF or FFFP-

· .1 GPM per sq. ft.

· protein or fluoroprotein-

· .16 GPM per sq. ft.

Polar Solvants-

· .16 GPM per sq. ft.

· some special polar solvents require .24 GPM per sq. ft.

Square Footages:

Square = length * width

Triangle = ½ (length * width)

Circle = 3.14 * radius squared

Application Techniques:

Bounce off – straight stream bounced off an object.

Roll in – hit the ground in front of the fuel surface and let it roll on.

Rainfall – nozzle directed into the air and the foam rains on fuel spill.

Foam Expansion Ratio Classifications:

Low – 2 to 20:1

Medium – 20 to 200:1

High – 200 to 1000:1

*Test Questions*

Three Categories of Preventive Maintenance

Routine

Scheduled

Corrective

Air Brakes

Air horn stops working at 80PSI

Warning buzzer goes off at 60 PSI

Brakes auto engage at 40 PSI (brake knob activates)

The most widely used pump in the fire service is the centrifugal non positive displacement pump

Standard pumping capacity is 500, 750, 1000 and 1250 GPM

It is rated on the ability to pump its capacity at 150PSI from ten ft vertical lift

It must pump 70% of its rated capacity at 200PSI and 50% at 250PSI

Multi Stage Pump

Series = Pressure

Parrallel = Volumne

Pump Testing

	Dry vacuum test
	Priming test

	Capacity test
	Engine RPM and tach test

	Ignition test
	Relief valve test

	Overload test
	200 PSI test

	250 PSI test
	Tank to pump flow test

	PUMPING TEST

	100% test at 150 PSI for 20 minutes

70% test at 200 PSI for 10 minutes

50% test at 250 PSI for 10 minutes

	DRY VACUUM TEST

	Pull primer valve and draw 22mmHg

Vacuum shall not drop more than 10mmHg

 in five minutes


Pump Locations:

Front mount pumps

Mid-ship pumps

Rear mount pumps

Inlet Sizes

	500 GPM – 4”
	1250 GPM – 6”

	750 GPM – 4.5”
	1500 GPM 6”

	1000 GPM – 5”
	

	One 2.5” discharge for every 250 GPM 

of the pumps capacity. (rule of thumb)


2 Main Pump Gauges:

Intake gauge

Discharge gauge

Pump Primer Types:

Vacuum – vacuum higher at lower RPM’s

Exhaust – least effective

Gear Type – water discharged through drain pipe when it reaches 700-1500 RPM’s. Requires little maintenance.
Water:

Is a clear liquid between 32 and 212 degrees F.

Takes 30,000 PSI to compress 1%.

One cubic foot weighs 62.5 lbs.

One gallon weighs 8.35 lbs.

For each foot in height that water is coantained, a pressure of .434 pounds is produced.

NFPA:
NFPA 1911 – service test of pumps

NFPA 1932 – ground ladder testing

NFPA 1962 – fire hose testing

NFPA 1901 – specifics for mobile water supply (tanker)
NFPA 291 – fire flow testing and marking of fire hydrants

NFPA 11 – guidelines for application rates
