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Slurry Pump Impeller Selection:
Match Design to Your
Application for Maximum Life

Select the right slurry pump impeller for your application. Impeller types, materials,
and sizing for sand washing and mineral processing.
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Slurry pump impeller selection directly determines pump efficiency, wear life, and
operating costs in sand washing and mineral processing applications. The wrong
impeller design can reduce pump life from the typical 4,000-6,000 hours to as few as
500 hours while consuming 20-30% more power than necessary. Understanding the
relationship between impeller geometry, slurry characteristics, and application
requirements enables selection decisions that optimize both performance and total
cost of ownership.
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Understanding Impeller Function in Slurry Pumps

How Impellers Generate Flow and Pressure

Slurry pump impellers convert rotational energy from the motor into kinetic energy in
the slurry. The impeller accelerates slurry radially outward, and the volute casing
converts this velocity into pressure. The fundamental relationships governing impeller
performance:

Head (H) « (Impeller Diameter)? x (Speed)?

Flow (Q) « (Impeller Diameter)3 x Speed

Power (P) x (Impeller Diameter)® x (Speed)3

These relationships explain why small changes in impeller diameter or speed have

dramatic effects on pump performance and power consumption.

Slurry-Specific Design Considerations

Unlike clear water pumps, slurry pump impellers must handle abrasive solids that
cause wear. Key design differences:

FEATURE CLEAR WATER IMPELLER SLURRY IMPELLER REASON

Vane number 5-7 3-5 Larger passages for solids
Vane thickness = 3-5mm 15-40mm Wear allowance

Material Bronze, cast iron High-chrome iron, rubber = Abrasion resistance
Passage width Minimum for efficiency Maximum for solids Prevent clogging

Shroud design Often open Usually enclosed Reduce recirculation wear

Impeller Types and Applications

Closed (Enclosed) Impellers

Closed impellers have shrouds on both sides of the vanes, creating enclosed flow
passages. Characteristics:
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Advantages:

* Higher efficiency (less recirculation losses)
» Better wear life in most applications
* More predictable performance curves

 Suitable for higher pressures
Disadvantages:

* More prone to clogging with fibrous material
* Difficult to repair—usually replace complete impeller

* More expensive than open designs

Best applications: General slurry pumping, cyclone feed, thickener underflow, sand
washing slurries without fibrous contamination.

Semi-Open Impellers

Semi-open impellers have a shroud on one side only (back shroud), leaving the vane
tips exposed on the suction side. Characteristics:

Advantages:

» Better solids passage than closed design
* Less prone to clogging
» Adjustable clearance maintains efficiency

* Lower cost than closed impellers
Disadvantages:

* Lower efficiency than closed design (5-10% typically)
e Critical clearance adjustment required

* Front liner wear affects performance

Best applications: Dredging, process slurries with varying solids, applications
requiring frequent cleaning.

Open Impellers

Open impellers consist of vanes mounted on a hub without shrouds. Characteristics:
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Advantages:

* Maximum solids passage capability

Minimal clogging tendency
* Easy inspection and cleaning

* Lowest cost option

Disadvantages:

Lowest efficiency (10-15% less than closed)

* Rapid efficiency loss with wear

Limited head capability

* Requires frequent adjustment

Best applications: Sump pumps, trash-laden slurries, temporary installations, low-
head applications.

Recessed (Vortex) Impellers

Recessed impellers sit behind the volute inlet, generating flow through vortex action
rather than direct contact. Characteristics:

Advantages:

* No impeller-solids contact in most designs
* Handles stringy, fibrous material
* Passes very large solids

e Excellent for sensitive materials
Disadvantages:

* Lowest efficiency (40-50% typical vs 65-75% for closed)
* Limited head and flow capability

* Higher power consumption per unit flow

Best applications: Sewage, fibrous slurries, fragile materials, clean-out sumps.

Nesans Mining and Automation Private Limited Page 4 of 12
www.nesansindia.in



NESANS

Slurry Pump Impeller Selection: Match Design t...

Material Selection for Impellers

High-Chrome White Iron

The most common slurry pump impeller material. Typical composition: 25-28%
chromium, 2-3% carbon.

PROPERTY VALUE SIGNIFICANCE

Hardness 600-700 HV Excellent abrasion resistance
Tensile strength 400-600 MPa Adequate for most applications
Impact resistance Low Not suitable for large rocks
Corrosion resistance Good (pH 5-11) Handles most slurries

Cost Moderate Good value for performance

Best applications: Sand and gravel, coal, iron ore, most mineral processing slurries.

Natural Rubber

Rubber-lined or molded rubber impellers offer unique properties:

PROPERTY VALUE SIGNIFICANCE

Hardness 35-70 Shore A Resilient surface absorbs impact
Wear mechanism Elastic rebound Excellent for fine particles
Temperature limit 70°C typical Limited in hot applications

Chemical resistance Variable by compound Excellent for acids, poor for oils

Cost Higher initial Lower total cost in some applications

Best applications: Fine sand (below 1mm dominant), acidic slurries, low-temperature
applications.

Polyurethane
Polyurethane combines rubber's resilience with improved wear resistance:
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PROPERTY VALUE SIGNIFICANCE

Hardness 85-95 Shore A Harder than rubber, more wear-resistant
Tensile strength 30-50 MPa Excellent tear resistance

Temperature limit 50-60°C Lower than rubber

Impact resistance Excellent Handles varying conditions well

Cost Higher Justified by extended life

Best applications: Medium sand, tailings, low-temperature slurries with moderate
particle size.

Material Selection Guidelines

SLURRY TYPE PARTICLE SIZE RECOMMENDED MATERIAL

Fine sand (<0.5mm) Fine Natural rubber or polyurethane
Coarse sand (0.5-2mm) Medium High-chrome iron or polyurethane
Gravel (2-10mm) Coarse High-chrome iron (AO5 or higher)
Mixed sand/gravel Mixed High-chrome iron with hardened tips
Acidic slurry (pH <5) Any Natural rubber (check compatibility)
High temperature (>65°C) Any High-chrome iron only

Sizing Impellers for Application

Determining Required Flow and Head

Proper impeller sizing starts with accurate determination of system requirements:
Flow calculation:

* Determine process flow rate (m3/hr of slurry)
* Account for slurry density: SG typically 1.2-1.8 for sand washing
* Add margin for process variation: typically 10-15%
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Head calculation:

 Static head: Vertical lift from pump to discharge
* Friction head: Pipe losses (use Hazen-Williams for slurry with correction)
* Velocity head: Usually negligible for pipeline systems

* Pressure head: Process equipment requirements (cyclones, etc.)

Impeller Diameter Selection

Select impeller diameter to provide required head at desired speed:
Key considerations:

* Operate at 80-100% of BEP (Best Efficiency Point) for optimal wear life
* Avoid operation below 60% BEP—causes recirculation wear
* Size impeller for current needs with one diameter reduction available

* Consider speed adjustment vs. impeller trim for flow control

Impeller trim guidelines:

APPLICATION MAXIMUM TRIM REASON

New installation Full diameter Verify system curve

Flow reduction needed 10-15% diameter Maintains efficiency

Excessive head margin 10-15% diameter Reduces power consumption
Maximum trim 20% diameter Beyond this, select smaller pump

Speed Considerations

Impeller speed affects both performance and wear life:
Speed vs. wear relationship:
Wear rate « (Tip Speed)3

Doubling impeller speed increases wear rate by approximately 8x. This fundamental
relationship drives the preference for larger, slower-running pumps in severe slurry
applications.
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SLURRY TYPE MAXIMUM TIP SPEED EXPECTED IMPELLER LIFE
Fine sand, low concentration 30 m/s 6,000-10,000 hours
Coarse sand, moderate concentration 25 m/s 3,000-6,000 hours

Gravel, high concentration 20 m/s 1,500-3,000 hours
Abrasive mineral slurry 18 m/s 1,000-2,000 hours

Impeller Wear Patterns and Diagnosis

Normal Wear Patterns

Understanding normal wear patterns helps identify problems:

Vane leading edge wear: Normal pattern in abrasive slurries. Wear should be

relatively uniform across all vanes.

Vane tip wear: Normal, proportional to operating time. Creates gap between impeller

and casing liner.

Hub wear: Should be minimal in properly operating pump. Indicates recirculation if

excessive.

Abnormal Wear Patterns

WEAR PATTERN PROBABLE CAUSE

Uneven vane wear Impeller imbalance, casting defect
Suction-side erosion Cavitation

Hub erosion Low flow recirculation

Shroud wear (back) Gland water ingress, high pressure
Localized gouging Large particle impact
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CORRECTIVE ACTION

Balance check, replace impeller

Increase NPSH, reduce speed

Increase flow, check system curve

Check seal, adjust clearance

Improve screening, protect pump
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Wear Monitoring Methods

Track impeller wear to optimize replacement timing:

* Weight measurement: Weigh impeller at each inspection. Track percentage loss.

* Diameter measurement: Measure at multiple points for wear and balance
assessment.

* Vane thickness: Measure leading edge thickness at reference points.

* Performance monitoring: Track head and flow for efficiency degradation.
Replacement criteria:

* Weight loss exceeds 20% of original
* Vane thickness below 50% of original
* Efficiency drops more than 10% from new condition

* Vibration increases indicating imbalance

Optimizing Impeller Life

Operating Practices

Operational practices significantly affect impeller life:
Start-up procedure:

1. Prime pump completely before starting
2. Start with discharge valve partially open
3. Slowly open to operating point

4. Never run dry—even briefly
Shutdown procedure:

1. Reduce discharge valve setting
2. Stop pump
3. Flush if extended shutdown

4. Close suction valve to prevent backflow
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Operating point discipline:
* Maintain operation within 80-100% of BEP
* Avoid deadheading (closed discharge)

* Avoid low-flow operation (<60% BEP)

* Monitor power consumption for load changes

System Optimization

System design and maintenance affect impeller life:
Suction system:

* Maintain adequate NPSH margin (minimum 1m above required)
* Avoid air entrainment
» Keep suction pipe velocity below 2 m/s

* Ensure straight run before pump suction
Discharge system:

* Properly sized pipe for target velocity (2-4 m/s for sand)
* Minimize sharp bends and direction changes

* Provide adequate pressure for solids transport

Economic Analysis of Impeller Selection

Total Cost of Ownership

Compare impeller options based on total cost, not purchase price:
Cost components:

* Purchase price

* Installation labor

* Energy consumption (affected by efficiency)
* Maintenance labor (adjustments, inspections)

* Replacement frequency
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e Downtime cost

Example comparison for cyclone feed pump:

PARAMETER HIGH-CHROME IRON NATURAL RUBBER
Impeller cost X1,25,000 X1,85,000
Expected life 3,000 hours 5,000 hours
Efficiency 72% 68%

Power consumption (100m3/hr) 75 kW 79 kW

Annual energy cost (6,000 hr/yr) 27 lakh X28.4 lakh

Annual impeller cost 2.5 lakh X2.2 lakh
Downtime cost (2 changes/yr) X1 lakh 0.6 lakh

Total annual cost %30.5 lakh %31.2 lakh

In this example, the cheaper impeller with higher efficiency actually provides lower
total cost, despite shorter wear life.

Lifecycle Analysis Process

. Calculate annual operating hours

. Determine expected life for each option (from supplier data or trial)
. Calculate replacements per year

. Calculate energy cost difference based on efficiency

. Estimate downtime cost for each replacement

o U A W N BB

. Sum all costs for true comparison

Conclusion

Slurry pump impeller selection requires balancing multiple factors: flow and head
requirements, slurry characteristics, wear life expectations, efficiency, and total
operating cost. No single impeller type or material suits all applications. Start with
understanding your specific slurry properties—particle size distribution, concentration,

Nesans Mining and Automation Private Limited Page 11 of 12
www.nesansindia.in



NESANS

Slurry Pump Impeller Selection: Match Design t...

corrosiveness, and temperature. Match impeller type (closed, semi-open, or recessed)
to solids handling requirements. Select material based on the dominant wear
mechanism in your application. Size the impeller for operation near best efficiency
point, and implement operating practices that extend wear life. Track impeller wear
systematically to optimize replacement timing and validate selection decisions. The
right impeller choice can reduce your total pumping costs by 30-40% compared to a
poor selection operating in the same application.

Topics: #Impeller #Wear Parts #sand washing #slurry pump
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