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Field testing was performed on a model 326 Type 3 engine in support of the National Fire Vehicle Standardization program.  The engine was manufactured by KME, under contract with Region 5.  Testing was conducted by the San Dimas Technology and Development Center on April 20, 2010 in cooperation with the Los Padres National Forest and the Region 5 Mobile Fire Equipment Committee.  The test results are enclosed.
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Type 3 Model 326 Test Summary

Test Information:

Test Location: 


Los Padres National Forest, Ojai Ranger District

Date of Test: 


April 20, 2010

Test Performed By:

San Dimas Technology and Development Center (SDTDC)

Mike Strawhun, Los Padres National Forest Assistant District Fire Management Officer and Region 5 MFEC representative

Ojai Ranger District Fire Personnel

Regional Representatives:

Jim Burton, Region 3

Kim Valentine, Region 6

Region 5 Forest Representatives:


Joshua Boehm (San Bernardino National Forest)

Steffen Fuller (Angeles National Forest)

Ron White (Angeles National Forest)

Apparatus Information:

NWCG engine type:

Type 3 wildland fire engine (Model 326)

Equipment identifier:

CA-MNF-E343

Make and Model:

International 7400

Drive:



4 X 2

Transmission:


Automatic (Allison 3500 EVS)

Tank:



600 gallons

Pump:



Hale CBP4

Summary:

A side-by-side field test was conducted in order to quantify performance differences between the new national standard type 3 engine (Model 326
) and the Region 5 Model 62 engine.  Side-by-side testing was performed on a 1500 foot long uphill hoselay, and a vehicle fire was simulated with the Model 326 only.

There was no difference in pressure or flow performance between the Model 326 and the Model 62 while pumping the hoselay.  Both engines could support a single 1-1/2-inch combination nozzle or two 1-inch nozzles on laterals.  Neither engine could support three laterals in the hoselay scenario that was utilized.

During the vehicle fire simulation the Model 326 provided satisfactory pressure and flow to two 1-1/2-inch nozzles at 125 gpm each.  

Background:

During the development of the national standard for the type 3 engine, pump performance needs were evaluated by the Fire Vehicle Standardization Committee (FVSC) and the committee selected the Hale CBP4 as the pump that would meet the performance needs of all Forest Service regions.  The Hale CBP4 is a single stage pump that was used in Region 5 engine models prior to the current Model 62 engine.  The Model 62 engine is equipped with a Darley JMP500 two stage pump.

Side-by-side field testing of the new Model 326 engine and the Model 62 was coordinated between the FVSC, SDTDC, the Region 5 Mobile Fire Equipment Committee (MFEC) and the Los Padres National Forest.  The testing was performed in order to address concerns within Region 5 regarding the single stage pump performance by 1) demonstrating the performance of both engines side-by-side and 2) providing factual differences in field performance.

The field test scenarios were developed by the Region 5 MFEC.  The vehicle fire simulation was done in order to demonstrate the Hale CBP4 pump provides the required flow while using two high flow nozzles.  Typically one nozzle is used for the vehicle fire and the other nozzle is a backup in case something happens to the first nozzle.  The uphill progressive hoselay represented a typical field scenario.

Vehicle Fire Simulation:

Two 1-1/2-inch, 125 gpm nozzles were connected to separate pump discharges each with 150 feet of 1-1/2-inch hose.  Both discharges were open simultaneously and water flowed until the usable tank water was depleted.  This test was repeated several times.  The Hale CBP4 pump provided adequate flow as follows:

Pressure (psi)

Flow (gpm)

Engine rpm
150


220


1320

225


247


1507

Note:  The Model 326 engine will pump 330 gpm from the tank at 250 psi.
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Figure 1.  Vehicle fire simulation
Hoselay:

A 1500 foot long progressive hose lay was deployed uphill.  In order to expedite the hoselay the 1-1/2-inch trunk was deployed dry and the 1-inch laterals were not used.  Once the progressive hose packs were deployed the trunk was filled with water.

Prior to testing performance the elevation gain was determined.  A pressure gauge was used at the engine to measure the static head pressure from the top of the hoselay to the engine.  The static pressure was 325 psi.  The calculated elevation gain was 750 feet (325 psi / .433 psi per foot).

Testing was conducted both from the engine water tank (“tank to fire”) and from draft (“source to fire”).  Drafting was accomplished with the use of a fold-a-tank.  In order to determine how many laterals the pump would support, lateral nozzles were opened starting with the top-most lateral, and additional laterals were opened downward from the top of the hoselay.  The laterals were equipped with 1-inch combination nozzles (NFES 1081) which are rated at 10 to 25 gpm.
In order to evaluate pump performance for a simple hoselay a 1-1/2-inch nozzle was placed on the end of the trunk.  Simple hoselays typically utilize a single 1-1/2-inch combination nozzle in conjunction with rolled hose and in-line tees.  1-1/2-inch combination nozzles (NFES 1082) are rated at 20 to 75 gpm.

For all pumping scenarios pump pressure was set to 400 psi which is the plumbing system pressure rating for both the Model 62 and new national standard type 3 engines.  A pressure gauge was installed between the end of the hose and the nozzle in order to quantify nozzle pressure.  Sound pressure level readings were taken during the test.
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Figures 2 and 3, hoselay scenario

Model 326

Progressive hoselay:  The pump provided good working pressure and flow for a single (the top-most) lateral.  The pump was able to support two laterals with minimally adequate (“so-so”) working pressure at the top nozzle.  When the third nozzle was opened pressure was lost at the top nozzle.

Simple hoselay:  After the testing was completed with the laterals, a 1-1/2-inch nozzle was put on the end of the trunk to simulate a simple hoselay.  The nozzle had adequate nozzle pressure and flow.

There was no difference in performance between pumping from draft or from the tank.

Sound pressure at the pump panel was 77 dBA at a pump pressure of 400 psi.

Model 62

Due to deteriorating weather conditions (continued rain) the Model 62 was only tested “tank to fire.”  The Model 62 was not tested from draft.

Progressive hoselay:  The pump provided good working pressure and flow for a single (the top-most) lateral.  The pump was able to support two laterals with minimally adequate (“so-so”) working pressure at the top nozzle.  When the third nozzle was opened pressure was lost at the top nozzle, which is exactly what happened with the Model 326.

Simple hoselay:  After the testing was completed with the laterals, a 1-1/2-inch nozzle was put on the end of the trunk to simulate a simple hoselay.  The nozzle had adequate nozzle pressure and flow, which is exactly what happened with the Model 326.

Sound pressure at the pump panel was 70 dBA at a pump pressure of 400 psi.

Discussion of Results:

Both engines (Model 62 and 326) provided the same pumping performance for the hoselay.  The Model 326 required approximately 200 rpm (truck engine) rpm more for the same performance compared to the Model 62.

There was a difference in sound level between the two engines due to 1) the difference in engine rpm and 2) the chassis engine fan design.  Newer International trucks have higher flow fans.

The sound level for the Model 326 was 77 dBA compared to the Model 62 at 70 dBA.  Both engines meet the OSHA requirement of 90 dBA maximum (8 hour time weighted average).

The following information addresses potential questions and concerns regarding the results of this test:

Is the higher rpm on the Model 326 bad for the chassis engine?
Both engines provided the same pressure and flow while pumping the hoselay.  However, the Model 326 engine required approximately 200 rpm more engine rpm compared to the Model 62 pumping the same hoselay.

The chassis engine is designed to operate continuously at governed rpm (2200 rpm), so operating at any engine speed at or below governed rpm will not harm the engine.  In terms of horsepower, the Hale CPB4 pump requires approximately 88 HP to pump 200 gpm at 400 psi.  This is approximately one-fourth of the available engine horsepower (330 hp, 950 ft-lb torque).  The power required to pump a 400 psi hoselay should be contrasted with the power required for normal highway driving.  The horsepower required for a type 3 engine on a level road at 60 mph is approximately 150 HP.  Therefore, it takes twice as much engine power for normal highway driving compared with pumping a hoselay at maximum pressure.

To summarize, the chassis is designed to operate continuously at governed rpm and the engine and transmission will not be adversely affected by doing so.

The Model 62 has a bigger pump and can pump higher flows.  Why did they perform the same?

Both pumps (Hale CBP4 and Darley JMP500) produce 400 psi.  When the Darley pump is operated in pressure mode the two pumps provide similar performance
.  However, the Darley JMP500 is capable of higher flow rates (at lower pressures) in volume mode.

The maximum pump performance for the Hale CBP4 pump (as installed in the Model 326) is approximately 230 gpm at 400 psi from draft (5 foot lift)
, 
.  The JMP500 will deliver approximately 300 gpm at 400 psi from draft in pressure mode (5 foot lift)
.  So, if the Darley pump can provide 70 gpm more than the Hale CBP4 pump at 400 psi, why didn’t the Model 62 support more laterals than the Model 326 on the hoselay?
There is a practical limit to the amount of water that can flow through 1-1/2-inch hose
.  Friction loss increases dramatically as flow (gpm) increases – when the flow is doubled the friction loss increases by four times.  Because of this, there is only so much water (gpm-wise) that can flow through 1-1/2-inch hose at a given pump pressure.

One way to look at this issue is – at what distance does the hoselay length eliminate any advantage in flow performance of the Darley two stage pump?  In other words, at what distance do the two pumps perform the same?  This can be done by assuming 230 gpm at 400 psi, the maximum performance of the Hale CBP4 pump, and calculating the maximum hoselay length that will provide the required nozzle pressure.   In this case the maximum hoselay length at 230 gpm is only 162 feet on level ground (an uphill hoselay would be even shorter).  Another way to look at this is that for hoselays less than 162 feet, more than 230 gpm can be pushed through the hose (approximately 300 gpm can be pushed through a single length (100 feet) of 1-1/2-inch hose).

In the situation where two hoselays are operated simultaneously from one engine and assuming 115 gpm in each hoselay (230 gpm total) at 400 psi, the same analysis can be performed.  In this case the maximum hoselay length is 650 feet while maintaining 100 psi nozzle pressure.

In order to use the Darley JMP500 pump to its maximum potential (300 gpm at 400 psi) through a single 1-1/2-inch trunk the maximum hose length is 95 feet on flat ground.  The maximum hoselay length for two hoselays operating simultaneously (150 gpm each) is 380 feet each.  Again uphill hoselays would reduce these lengths.

In order to use the Darley JMP500 pump to its potential, 2-1/2-inch hose and appliances are needed.  See Appendix A for the hydraulics calculations corresponding to these calculations.

Why wouldn’t either pump support more than two laterals?
With either pump set at 400 psi, due to the elevation gain there was minimal pressure available to overcome friction loss while maintaining adequate nozzle pressure.  The friction loss resulted in nozzle pressures less than 100 psi.  There was enough pressure to flow water through two laterals but not three.  Once the third nozzle was opened there was not enough pressure available to push water up to the third nozzle.

Recommended Specification Changes:
Pump cooler line:
The initial national standard specification required a pump cooler line plumbed directly from the pump discharge to the tank, without a valve.  The Model 62 has a needle valve (#17) that allows the engine operator to adjust the amount of water flowing through the valve (including closing the valve completely).  The consideration behind the “hard-plumbed” pump cooler line (with no valve) was that the pump cooler line would always be “open” and could not be inadvertently shut off, therefore avoiding potential pump damage.  In addition, the current edition of NFPA 1906 requires an automatic pump cooler line.

While pumping from draft with a full tank during testing the tank overflowed because water was flowing through the cooler line and into the tank at a rate of approximately 5 gpm.  This can be controlled by the operator by occasionally opening the tank to pump line to reduce the amount of water in the tank.

As a result of the field test and after receiving input from fire personnel the specification was changed to add the #17 pump valve back in the specification.  The specified valve is a quarter-turn valve instead of the version installed in the Model 62.  The pump cooler line should be operated with the valve open at all times, except when drafting or series pumping with a full tank.

PTO ratio:
The current power take-off (PTO) ratio is 1.03, which is a carry-over from the Model 62.  The PTO ratio could be increased to 1.15 on the national standard type 3 engines, which would decrease the engine speed approximately 200 rpm.  This would make the engine rpm approximately the same as the Model 62 when pumping similar scenarios and lower the sound pressure as well.

One potential area of concern with the higher PTO ratio is over-speeding the pump.  However, this is likely not a problem and the engine can be programmed to limit engine rpm (with the PTO engaged) if needed.

It is recommended that a 1.15 ratio Muncie PTO be installed on one model 326 engine for evaluation prior to making this change to the specification.  Sound testing can per performed at the same time to quantify reduction in sound pressure level.
Conclusion:

The field test demonstrated that the Model 326 engine delivered satisfactory performance for the scenarios developed by the Region 5 MFEC.

The Model 62 and the new Model 326 performed the same during the hoselay, delivering the same flow at the same pressure.  The Model 326 required 200 rpm more to achieve the same pressure.  During the vehicle fire simulation the Model 326 provided satisfactory pressure and flow to two 1-1/2-inch nozzles at 125 gpm each.
This testing demonstrated why, for the majority of wildland hoselays with 1-1/2-inch hose, that the capability of higher capacity pumps (including two stage pumps) cannot be utilized.

Appendix A – Hydraulics Calculations

The following hydraulics calculations assume the hoselay is on level ground and therefore 300 psi is available to overcome friction loss:

Nozzle pressure:
100 psi

Head


0 psi (level ground)

Friction Loss

300 psi

Pump Pressure

400 psi

At what distance does the hose length eliminate any advantage in flow performance of the Darley JMP500 pump?  

At 230 gpm friction loss is 185 psi per 100 feet.  300 psi ÷ 185 psi/100 ft =  1.62 lengths of hose, or 162 feet.

In the situation where two hoselays are operated simultaneously and assuming a total flow of 230 gpm at 400 psi, or 115 gpm in each hoselay, at what distance does the hose length eliminate any advantage in flow performance of the Darley JMP pump?  

The analysis is performed by looking at only one of the two hoselays.  At 115 gpm friction loss is 46 psi per 100 feet.  300 psi ÷ 46 psi/100 ft = 6.52 lengths of hose, or 652 feet.

What is the maximum length of hose in order to use the Darley JMP500 pump to its maximum potential (300 gpm at 400 psi) through a single 1-1/2-inch trunk?

At 300 gpm friction loss is 315 psi per 100 feet.  300 psi ÷ 315 psi/100 ft = 0.95 lengths of hose, or 95 feet.

What is the maximum length of hose in order to use the Darley JMP500 pump to its maximum potential (300 gpm at 400 psi) through two 1-1/2-inch trunks (150 gpm in each trunk)? 
The analysis is performed by looking at only one of the two hoselays.  At 150 gpm friction loss is 79 psi per 100 feet.  300 psi ÷ 79 psi/100 ft = 3.80 lengths of hose, or 380 feet.

� The model designators for the new national standard engines are descriptive.  In this case the “326” designates a type 3 engine, two wheel drive and 600 gallon tank.  Other standard type 3 engines include Models 346, 328 and 348.


� The Model 62 is routinely operated in series (pressure) mode throughout Region 5.  


� Using 3-inch suction hose.


� The Model 326 will pump 280 gpm at 400 psi from the tank.


� Using 4-inch suction hose.


� 1-1/2-inch hose is used for the trunks of almost all hoselays.  There are some situations where 1-3/4 is used for the first several hundred feet of a hoselay, however most hoselays use 1-1/2-inch hose.
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