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Pump Cycles Program  

 Hydro-pneumatic Tank Pump Cycle Control  
 

Users Guide and Example Problems 

 
 

 
 

 

Purpose of Pump Cycle Control Tanks 
 

Storage tanks are required to control pump cycles in piping systems.  Hydro-pneumatic 

Tanks are often used to control pump cycles for pumps providing flow to a piping system 

with no storage capacity and demands significantly less than the pumping capacity. A 

pump with a capacity of 500 gpm, for example, feeding a system with demands averaging 

50 gpm will be required to pump only around 10% of the time to satisfy the demand. 

However, if the piping system has no storage capacity the pump will be required to start 

and stop constantly. This action will produce pressure transients that will damage both 

the pump and the piping system. With some storage capacity the number of pump starts 

and stops can be minimized. In addition, a Hydro-pneumatic tank will minimize pressure 

transients associated with pump starts and stops and will protect your pump and piping. 

 

Two types of storage capacity are available to reduce pump cycles. 

 

      1)  Overhead Storage Tanks – These are commonly used in larger potable water 

systems and may be able to store a significant amount of the daily usage. In this case the 

pump cycles can be greatly reduced and only one or two cycles per day may be required. 

However, overhead storage tanks generally require a large capital investment. In addition 

they require periodic maintenance such as painting during which they must be taken out 

of service. 

      2)  Hydro-pneumatic Tanks – These tanks are generally much smaller and much 

less expensive to install. Their purpose is to reduce pumping cycles to an acceptable level 

(perhaps several per hour). They also will greatly reduce pressure transients in the 

pipeline due to pump starts and stops. They are generally located just downstream from 

the pump station (as depicted above) but can be located elsewhere in the piping system. 

They are used to control pump cycles in raw water, potable water and sewerage piping 

systems 
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How Hydro-pneumatic Tanks Work 
 

 
 

The schematics show how Hydro-pneumatic Tanks work. The tank can be located at the 

pump as shown above or some distance away as shown below. The pump comes on when 

the pressure in the tank reaches its minimum level. At that time the water is also at the 

minimum level. With the pump on the tank is refilled to its maximum level and the air 

compressed until the maximum pressure is attained. During this period the system 

demand will be provided by the pump. When the maximum pressure is reached the pump 

turns off and the demand must be met by the water stored in the tank. As the water leaves 

the tank the level drops and the pressure decreases until it reaches the minimum setting. 

The pump then comes on and the cycle repeats. 
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Types of Hydro-pneumatic Tanks 

 

 

 
 

 
 

 

 

Two types of Hydro-pneumatic Tanks are available: 

 

     1)  Compressor Tanks – Because there is a direct air-water interface and the air 

dissolves into the water this type of tank requires an air compressor and a set of controls 

to maintain the required amount of air in the Hydro-pneumatic Tank. The controls require 

a power supply and must sense both the air pressure and the water level to maintain the 

proper conditions for providing the desired pump cycle. 

 

   2) Bladder Tank – A rubber bladder is used to separate the air and water so that the air 

supply remains constant and an air compressor and controls are not required. Bladders are 

available which will maintain the required pressure indefinitely so that minimal 

maintenance is required for this type of tank. The bladder tank will be initially pre-

charged to a predetermined air pressure before opening the connection to the piping 

system. After this these tanks are virtually maintenance free. 
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The Hydro-pneumatic Pump Cycles Computer Program 
 

Choosing the desired size for a Hydro-pneumatic Tank requires a set of calculations 

which account for the following: 

     1)  The pump operation on its head/flow curve over a range of pressures and flows. 

     2)  The air pressure - volume variation over a range of pressures considering tank 

inflow and outflow. 

     3)  Variations in the pipe system demand. 

 

The analysis requires performing many repeated calculations at small intervals of time for 

each size of tank considered. The Pump Cycles program performs these calculations for 

two configurations. These are: 

 

     1)  Hydro-pneumatic Tank located just downstream from pump station 

     2)  Hydro-pneumatic Tank located a significant distance downstream from the pump 

station. 

 

For a tank just downstream from the pump station the following information is required: 

     1)  Maximum Pressure (psi or kPa) 

     2)  Minimum Pressure (psi or kPa) 

     3)  3 points of Pressure (or head)/Flow data for the pump(s)  

(psi (or ft) and gpm, or kPa (or m) and l/s) 

     4)  The tank volume (gal. or l) 

     5)  The resistance for the tank connection (head loss (ft or m) / (flow (gpm or l/s) ^2)) 

     6)  The available suction head for the pump (psi or kPa) 

 

If the Hydro-pneumatic Tank is not located just downstream from the pump station the 

following additional information is required. 

    7)  Tank and pump elevation (ft or m) 

    8)  Pipeline length to tank (ft or m), diameter (in or mm), and Hazen-Williams 

roughness.  

 

The calculations are carried out for a range of demands. The average demand +- 50% is a 

typical range to consider. If the demand is too large the Pump/Hydro-pneumatic Tank 

system is not capable of meeting this demand and the Pump Cycles will print a message 

alerting the user of this situation. When the Pump Cycles program is accessed the 

following screen appears: 
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Examples - Example data for the first option (Example 1 - Tank at Pump) are shown on 

the next page. With the exception of the tank connection resistance the data requirements 

are intuitive. The tank connection resistance is defined as the head drop/flow squared and 

is a function of the connection characteristics. A tool to calculate this parameter is 

provided by clicking on [Tank Conn. Resistance] and its use illustrated below. The 

principal result is the number of cycles/hour as a function of the demand. Larger tanks 

will reduce the number of cycles required. This parameter may be plotted as shown. 

Example 2 (Tank in System) shows the same data except now the pump is located in a 6 

inch line 1000 feet away from the pump at an elevation 10 feet higher. If the pump 

capacity becomes inadequate for higher demands a message will appear as shown in 

Example 3. This will occur for the Example 2 conditions if the available pump suction 

pressure is reduced from 10 psi to 4.7 psi as shown on the Example 3 setup screen. 

 

                                           
Resistance Tool – Connection to Tank 
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 Example 1 –Setup and Results Screen - Tank is Located at Pump  

     

 

                           
 

Example 1 –Cycles/Hour vs. Demand - Tank is Located at Pump  
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Example 2 Setup and Results –Tank is Located in System Away From the Pump  

 

                                     
                   Example 3 Setup and Results– Pump is inadequate for demand range 
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     Printing Results – The Print button brings up the following menu providing options 

for printing data, results and plots.  
 

 

          
 

The option to Print results as graphic table prints the following table of results: 
 

 

 
 

The option to Print to a text file creates a file which includes a summary of the data and 

the results. A printout of this file is shown below for Example 2: 
 

 **************************************************************************** 
 **************************************************************************** 

 **********                                                    ************** 

 **********     Hydro-pneumatic Tank - Pump Cycles Program     ************** 

 **********                                                    ************** 

 **************************************************************************** 

 **************************************************************************** 

  

 File Name: D:\SOURCE0\tools\Cycles_Latest\Example 1.CYL 

 

 Date: 02-01-2005 

 Time: 08:12:19 

 

 Data Summary: 

 ~~~~~~~~~~~~~ 
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 English System of Units are Used. 

 

    Flows and demands are in gallons per minute (gpm) 

    Pressures are in pounds per square inch (psi) 

    Volumes are in gallons  

    Pipe diameters are in inches (in) 

    Lengths and elevations are in feet (ft) 

 

 Pump Characteristic Data:  

 ~~~~~~~~~~~~~~~~~~~~~~~~~  

 

    ______________________ 

     Pressure        Flow  

      (psi)         (gpm) 

    ______________________ 

      65             0  

      60             100  

      42             160  

    ______________________ 

 

 Tank and System Data:  

 ~~~~~~~~~~~~~~~~~~~~~  

 

     Tank is NOT located at the pump station:  

 

     Characteristics of the pipe connecting pump and tank: 

         Length of Pipe =  100 (ft) 

         Diameter of pipe =  0 (in) 

         Pipe roughness coefficient =  120  

         Tank elevation =  200 (ft) 

         Pump elevation =  200 (ft) 

 

     Maximum allowable pressure =  60 (psi) 

     Minimum required pressure  =  40 (psi) 

     High system demand =  90 (gpm) 

     Low system demand  =  10 (gpm) 

     Pump suction pressure =  40 (psi) 

     Tank volume =  1000 (Gallons) 

 

     Calculated precharge pressure = -40.27 (psi) 

 

 

 Summary of Pump Cycle Results: 

 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

 ____________________________________________________________________________ 

 

 Sl     Demand     Fill      Drain     Total  Cycles/Hour Max Gas    Volume   

 No                Time      Time      Time                Volume    Change   

        (gpm)      (sec)     (sec)     (sec)             (Gallons)  (Gallons) 

 ____________________________________________________________________________ 

 1       10        162       286       448       8         0         48         

 2       14        164       16        180       20        0         4          

 3       18        167       22        189       19        0         7          

 4       22        169       18        187       19        0         7          

 5       26        172       9         181       20        0         4          

 6       30        175       76        250       14        0         38         

 7       34        177       13        190       19        0         7          

 8       38        180       27        207       17        0         17         

 9       42        183       37        220       16        0         26         

 10      46        186       25        211       17        0         19         

 11      50        189       10        199       18        0         8          

 12      54        193       62        254       14        0         55         

 13      58        196       4         199       18        0         3          

 14      62        199       3         202       18        0         3          

 15      66        203       26        229       16        0         28         

 16      70        207       5         211       17        0         5          

 17      74        211       6         217       17        0         7          

 18      78        215       3         218       17        0         4          

 19      82        219       11        230       16        0         14         

 20      90        228       6         234       15        0         8          


