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  FIELD BALANCING OF COMPLEX SYSTEMS 

 
These guidelines include 2  topics  
 
  1. Estimating the range of air flow performance  
  2 .The relationship between air flow pressures at the valve  
      and flow rate (“k” value)   
 
 
1.  Estimating the range of the valve performance   
 
 Using this project as an example the valve performance range  
  1200 cfm max to 250 CFM min air flow  
  Up to about 2.5 in  sp   
    
 
 Our valve performance ratings are based on laboratory ( ideal) 
  conditions and will change based on the field conditions. Any control 
 valve performance is based on the airfoil blade opening and closing and 
 therefore changing the air flow.  In a VAV system the upstream pressure  
 will change during the system performance which requires using an 
 integral air flow station for air flow which will be independent of the 
 upstream pressures (pressure independence).  
 
 We are enclosing a generalized curve for a 10 in valve which relates the 
 changing air flow rates to the valve position and duct pressure changes. 
 This curve, of course, is ideal and should be used only as a guideline for 
 field applications, in this application we use this curve to help us 
 determine whether there is enough available blade position to 
 compensate for unexpected pressure or velocity conditions.  
 
 To recap in this application the flow rates will vary from 1200 cfm to 250 
 cfm at pressures up to 2.5 in.   
 
   
   
 
 



 
  Max SP 2.5 in 
    
   Min flow 250 cfm at 2.5 in blade angle    79 deg 
    Max flow 1200 cfm at 2.5 in   38 deg 
   Blade angle range    41 deg  
 
  Min Sp (est.) 1.0  
 
   Min Flow 250 cfm   blade angle    73 deg 
   Max flow 1200 cfm blade angle               3   Deg 
   Blade angle range              70 
      
 
 Conclusion  
  From this estimated performance we should be certain that there is  
  enough duct pressure at high flow rates to permit the valve to stay  
  in control i.e. the valve should not be wide open.       
   
 
2 .The relationship between air flow pressure at the valve and flow rate 
 
          We often use a “k“value to determine the relationship between sensing 
 pressure at the air flow station and the air flow through the system.    
 
 Most systems are fairly simple and do not involve serious safety issues  
 These can be described well with a single “k “factor and sometimes  
 The “k “factor determined in a theoretical test can be used. 
 
 But most lab applications and other specialized research projects do call 
 for some extra thought -- very accurate and repetitive flow control should  
 be on the design list.     
  
 Example 
   In a test  lab application a 10 in dia valve will include a 10 in   
  diamond shaped sensor  The sense pressure for 1000 cfm is 0.50  
  in sense pressure This is a k factor of  Flow = 1,423 * sq rt sense  
  pressure ( see enclosed chart). The 1,423 is the theoretical k  
  factor and relates the sense pressure to the 1000 cfm flow rate   
   
  The transmitter will output an analog signal proportional to the  
  sense pressure (and to the flow rate) to the controller for the   
  required calculations    
 
 But this project is a lab application where valves are installed in confined 
 spaces and safety is important. So this theoretical”k” value should be 



 corrected for field conditions to find the actual flow rate from the field 
 sense pressure   
 
 To correct for high flow rates   
  In this specific project the valve should be opened  to read 1000  
  cfm at the terminal device  and the sense pressure read. In a lab  
  the reference CFM is often taken at the supply air device ( for  
  supply valves) or the open area of the fume hood ( exhaust valves)   
  This pressure and flow rate  should be entered in the formula noted 
  above to find the field “k” value-- probably not the same as   
  the test lab K value (1423). 
 
 To correct for low flow rates  
   In complex systems often one “k” factor may not accurately   
  describe the system at both high and low flow rates. For low flow  
  rates the valve should be near closed to read  250 cfm and the new 
  sense  pressure read to determine a new “k” value  as above. 
 
 For intermediate flow rates  
  Intermediate K values can easily be calculated (or confirmed by  
  measurement) as noted above. Intermediate “k” valves    
  often describe the system well enough by assuming a linear   
  relationship between the high and low “K” valves. A bit   
  more accurate method of developing intermediate “K” values is to  
  assume that the system pressure follows a sq curve (most are  
  close to this). The intermediate “k” values can be developed by  
  constructing a sq curve between the  k values for both the high  
  and low flow rates.       
 
 
 
 
 
 


