
 PEARSON HIGH PRESSURE 
PUMP 

APPLICATION GUIDE 

Spectra’s Pearson Pump was developed to be used as the high pressure feed water pump in 
small Reverse Osmosis desalination systems where the best possible energy efficiency is re-
quired.  Models are available with capacities to produce from 1000 gallons fresh water per day 
up to 5000gpd.   Energy consumption will be as low as 11 watt-hours per gallon in sea water 
applications and even lower in brackish water. 
 
PRINCIPLE OF OPERATION 
 
In conventional Reverse Osmosis systems the high pressure needed in the membranes is created 
and regulated by a back pressure regulating valve in the high pressure concentrate (brine) dis-
charge line.  All of the potential energy in the high pressure concentrate is lost in the back pres-
sure regulator, and the power required to produce that energy is wasted. 
      
The Spectra Pearson pump is a positive displacement three cylinder reciprocating high pressure 
pump with the same motors and crankcases used in conventional RO system feed pumps.  The 
Pearson Pump head  delivers water to the membranes in the same way as conventional feed 
pumps but is capable of recovering the energy in the concentrate.  This is done by returning the 
concentrate to the Pearson pump at high pressure, where it flows into the pump cylinders on the 
undersides of the pistons, transferring its energy to the feed water being discharged to the mem-
branes.  The energy recovered from the concentrate reduces the load on the pump motor, reduc-
ing the electrical consumption dramatically.  
 
FIXED RECOVERY RATIOS 
 
If the volume of the cylinder under the piston were the same as the volume of the cylinder 
above the piston all of the water being discharged from the Pearson pump could return to the 
pump and no pressure would be developed.  However, part of the volume in the underside cyl-
inder is taken up by the ceramic plunger, reducing the space available for the returning concen-
trate.  Because feed water is being forced out of the cylinder by the upper side of the piston, and 
only a portion of that water will be able to return to the underside, a “Hydraulic Lock” is cre-
ated, and flow is only possible if the water displaced by the plunger has somewhere else to go.  
Because the electric motor is forcing the piston upwards, and that water has no where to go, 
pressure begins to build up.  When the pressure rises high enough water will be forced through 
the membrane as permeate and flow will begin.   
 
 

MEMBRANES 

HIGH PRESSURE FEED 

HIGH PRESSURE  
CONCENTRATE RETURN 

PISTON 

PLUNGER 



The proportion of the feed water discharged by the Pearson pump which will permeate the 
membrane and become product water is fixed by the percentage of the volume of the underside 
cylinder taken up by the plunger.  If the plunger takes up half the volume of the cylinder, then 
only 50% of the feed water discharged by the Pearson Pump can return to the pump, and the 
other 50% must leave the system as permeate.  Thus,  a Pearson Pump based system will be a 
fixed recovery ratio system, and the operating pressure will vary with pump speed, feed water 
salinity, and feed water temperature but the percentage of feed recovered as permeate will al-
ways be constant.   Conventional systems are constant pressure  systems, where the back pres-
sure regulator keeps the system at a fixed pressure, and the recovery ratio will vary according to 
operating conditions. 
 
Because in a conventional system the energy in the concentrate is lost,  recovery ratios and op-
erating pressures must be kept as high as possible to reduce the concentrate flow rates to the 
lowest possible amount.  This results in high concentrate densities and the resultant scaling and 
other problems related to high concentrate density.  In a system using a Spectra Pearson Pump, 
there is little difference in energy efficiency with different recovery ratios because nearly all the 
energy is recovered.  This means that recovery ratios and operating pressures can be kept lower 
and antiscaling treatments reduced or eliminated, 
with resulting improvements in maintenance costs.  
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PUMP SELECTION 

 
Spectra Pearson Pumps are available in three fixed recovery ratios of 20%, 30% and 50%.  
When designing a system Spectra recommends that reverse osmosis system analysis software 
such as ROSA be used.  Start by selecting the desired output of the system.  Then choose a 
membrane layout and recovery ratio that will give an operating pressure of about 700 psi,  has a 
low fouling potential, and has a feed flow rate that will give a Spectra Pearson Pump speed be-
tween 750 rpm and 1200rpm.  Optimum pump speed will usually be in the range of 900-
1000rpm. 
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The following System Design pages are constructed using best known industry practices.  The expected system 
performance is predicted by a commercially available off-the-shelf programming guideline and does not take en-
ergy recovery into account. Predicted TDS is based on membrane performance under continuous use for 1 year. 
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SPECIFICATIONS 

MATERIALS:    Pump Body:  G-10 epoxy laminate and 2507 super duplex stainless steel 
      Internal parts:  Acetal resin, UHMW, & 2507 super duplex stainless steel 
 
WEIGHT:     32 lbs (15Kg) dry weight without motor 
 
POWER:     110V,  220/240 1F , 220/240 3F  AC 
      24 Volt DC 
 
SPEED   AC:   Variable Frequency Drive with soft start 
CONTROL:   DC:   Pulse Width Modulation 
 
RPM  RANGE 750-1200 rpm 
 
INLET PRESS: 10 psi min,  25 psi max 
 
 

March 10, 2009 
 


