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Estimating Pump Internal Wear RingClearance Leakage Losses and the Impact on Pump Efficiency
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• Rotodynamic pumps by necessity haveinternal clearances that impactpump efficiency
 • Some pump parts are stationary, whereas some rotate
 • Typically annular clearances 0.0015 of ring diameter (new), howevermay vary
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• Variance in design clearances• Reliability considerations• Coordination w/mechanical design• Galling materials• Pump type & application
 • Typically clearances separatehigher pressure liquid from lowerpressure fluid
 • Internal flow occurs between the higher and lower pressure zones only to be re-pumped by the impeller, with no contribution to the pump output
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• This internal flow rate is considereda loss that affects pump efficiency
 • Internal clearances can increase overtime and should be maintained
 • Especially in applications involving grit
 • Renewable ”wear rings” are often usedfor ease of maintenance
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• The purpose of this paper
 • Provide a practical mathematical toolfor pump assessors and others
 • Provide method to approximate howring clearances impact performance
 • Emphasize the need for wear ringMaintenance by users
 • NOT a definitive research report onring clearances
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• Mathematical model
 • From classic pump references
 • Used by the author for two decades
 • Used to approximate impact ofrelatively small changes in clearance

Page 7
						

• Sources of equations for mathematicalmodel
 • A.J., Stepanoff Centrifugal and AxialFlow Pumps, 2nd Edition, John Wiley& Sons Inc., 1957, pp. 182-187
 • Walter K. Jekat, Section 2.1, Centrifugal Pump Theory, PumpHandbook, edited by Karassik, Krutzsch, Fraser, and Messina, McGraw-Hill Book Co., 1986, pp. 2.3-2.31
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• Volumetric efficiency
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• Pump efficiency
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• If we could know the change in volumetric efficiency while keeping hydraulic efficiencyand other losses held constant, the changein pump efficiency could be determined
 • Our challenge then becomes determiningthe change in volumetric efficiencyassociated with different wear ring clearances
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• The leakage flow at the wear ring isdriven by the pressure differentialacross the ring
 • Pressure (or head) at the wear ring
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• Equation for internal leakage losses
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• Note the head loss components
 • Square-edge inlet loss coeff. (1.0)• Sudden expansion loss coeff. (0.5)• Friction loss coefficient (f*(L/a))
 • Recognize that we don’t know QL,therefore we don’t know v,therefore we don’t know Nre,therefore we don’t know f,therefore we don’t know QL
 • Solution – use a double iteration process
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• Process:• Use a spreadsheet• Assume new clearances initially• Guess very low initial flow rate (0.015 * BEP)• Determine v • Determine Reynolds number• Guess low f (0.001)• Iterate until f satisfies the following
 equation
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• Obtain new flow rate using resulting f
 • Replace the initial flow rate assumedwith this new flow rate and repeatthe iterative process
 • Repeat with flow rates obtained untilconvergence regarding QL is achieved
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• Now calculate volumetric efficiency
 • This is for the new condition since newring clearances were used
 • Repeat entire process for the wornring clearance condition to determinethe worn volumetric efficiency
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• From Jekat, pump efficiency is:
 • Determine K using the new conditionpump and volumetric efficiency :
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• To determine worn condition efficiency,use K, worn volumetric efficiency,and previous hydraulic efficiency
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• Worked example and experimentalresults with new vs. severelyworn clearances
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• Partial spreadsheet
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• Partial spreadsheet
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