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Introduction 
In this article, we’ll describe how you can determine friction loss coefficients for your engine’s 

pump plumbing and attack hose with a few simple measurements.  The only tools that are 

required are a pitot pressure gauge and a smoothbore nozzle.   

Why Bother? 
When it comes to determining the correct pump discharge pressure for a given size and length 

of fire hose, there are dozens of rules of thumb that can be applied from various sources, some 

of which yield very different results.  Even when calculating friction loss with well-established 

equations, the wide variety of possible friction loss coefficients (“C” value) for a given diameter 

of hose leaves a lot of room for doubt.  Given the importance of achieving proper 150 gpm 

water flow in modern fire environments, it’s critical that pump operators be equipped with 

more accurate information than generic rules of thumb that may not match their equipment.  

Taking measurements of your equipment gives you the knowledge you need to ensure proper 

fire flow for many different situations. 

The Math 
The basic friction loss equation is as follows: 

         

Where: 

 C is the friction loss coefficient 

 Q is the flow in gallons per minute / 100 

 L  is the length of hose in ft / 100 

When considering the friction loss in the entire water flow system, both the friction loss of the 

hose and the friction loss of the fire pump’s plumbing can be factors.  For the pump plumbing, 

we can eliminate the “Length / 100” term in the equation and just use a single “C”  coefficient 

value that accounts for all friction loss in the plumbing, regardless of length and number of 

bends.  This leaves us with two friction loss equations – one for the plumbing, and one for the 

hose: 
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In some cases, such as a side discharge with no bends in the piping, the friction loss of the 

pump plumbing may be negligible.  In other cases, such as a front bumper discharge with many 

bends and small piping, friction loss can be enough of a factor to result in appreciably less water 

flow if run at the same pressure as a low-loss side discharge.  To determine the friction loss 

coefficient for the truck’s plumbing, we rearrange the friction loss equation to solve for C: 

          
          

  
 

From this equation, we see that we need two pieces of information – flow and friction loss.  We 

can get both of these using the pump discharge pressure gauge along with a pitot pressure 

measurement of a smoothbore nozzle attached directly to the discharge.  The flow of a 

smoothbore nozzle is given by the following equation: 

                         

Where: 

 Q is the flow in gallons per minute 

 D is the nozzle diameter in inches 

 NP is the nozzle pressure in PSI 

Next, we can repeat this measurement with the fire hose in the system, which will give us total 

friction loss.  Total friction loss is made up of the friction loss of both the hose and the truck 

plumbing that we just found the C value for. 

                                      
          

  

We will now have everything that we need to solve for the C value of the hose being used: 

 

                               

        

  
                   

        

  
                   

      

        

             

 
 

Measurement Procedure 
1. Attach a 15/16” smoothbore nozzle directly to the pump discharge.   

2. Flow water through the discharge.   



www.flowfighter.net 

©2017 Andy Knitt www.flowfighter.net 
 

3. Measure and record the pressure at both the pump panel discharge gauge and the pitot 

gauge at the nozzle.  FLplumbing is equal to discharge gauge pressure minus pitot gauge 

pressure.  Flow (Q) can be calculated using the pitot gauge pressure and the 

smoothbore nozzle flow equation.  Note that a high volume of water may need to be 

flowed in order to generate a measureable amount of friction loss between the pump 

discharge gauge and the pitot gauge.  If a measureable amount of friction loss cannot be 

achieved even at a high flow rate, the friction loss of the plumbing is negligible and can 

be ignored.   

4. Calculate Cplumbing using the values found for Q and FLplumbing in Step 3. 

5. Attach the desired length of hose to the discharge, and attach the 15/16” smoothbore 

nozzle to the end of the hose.   

6. Flow water through the hose.  Note that the pump discharge pressure does not 

necessarily need to be the same as what was used in Steps 2-3.   

7. Measure and record the pressure at both the discharge gauge and the pitot gauge at the 

end of the hose line.  FLtotal is equal to discharge gauge pressure minus pitot gauge 

pressure.  Flow (Q) can be calculated using the pitot gauge pressure and the 

smoothbore nozzle flow equation.   

8. Calculate Chose using the Cplumbing value calculated in Step 4 along with the FLtotal and Q 

values from Step 7, and the length of hose L. 

A different Cplumbing value may need to be calculated for each discharge on the pump using the 

procedure of Steps 1-4. However, the value of Chose found using this procedure is valid 

regardless of which discharge the hose is connected to, so Steps 5-8 only needed to be 

repeated if different types or diameters of hoses are being used.   


