Pioneering for You

Fluid Properties 101

How They Shape Pump Selection & Performance

Every pump is designed to move a fluid, but not all fluids behave the same. Properties such as density,
viscosity, temperature, solids content, and chemical compatibility directly influence pump sizing, efficiency,
reliability, and operating cost. Understanding these properties early helps ensure the selected pump
performs as intended over its full-service life.

Why Fluid Properties Matter

The fluid is an integral part of the pump system. Pump
curves, efficiency points, and power requirements are
typically based on a reference fluid, which is most often
clean water at ambient conditions. When actual fluid
characteristics differ from the baseline of water, pump
performance, efficiency, and reliability can be affected.

Understanding fluid properties helps prevent:
e Oversized or undersized pumps
e Excessive energy consumption
e Unplanned downtime
e Premature wear on pump components

When fluid properties are uncertain or vary over time,
consulting pump experts during the selection phase is
critical to achieving reliable, efficient, and long-term performance.

Fluid Density (p)/Specific Gravity (SG)
What it is: Fluid density is the mass of fluid per unit volume, expressed in Ib/ft> or kg/m?3. Specific
gravity is the ratio of a fluid’s density to that of water.
Why it matters:
¢ Head and Pressure: Pump head is independent of fluid density, but the discharge pressure
developed for a given head increases with fluid density. Higher-density liquids require more energy
to achieve the same flow.
¢ Power Requirements: Denser fluids increase the pump’s power demand.
e Pump Sizing: Pump curves are based on water (or standard liquid) density. Denser fluids typically
require higher motor power, while the pump's hydraulic size often remains unchanged.
Design impact:
e Motor sizing
e Shaft loading
e Energy consumption
Takeaway: Accurate knowledge of fluid density ensures proper pump selection and predictable system
performance.
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Viscosity (M)
What it is: A measure of a fluid’s resistance to flow (how “thick” or “sticky” it is).
Why it matters: Pump curves are typically published for water.
e Flow Reduction: High-viscosity fluids resist motion, reducing flow and head in centrifugal
pumps.
o Efficiency Loss: Pumps designed for low-viscosity liquids operate less efficiently with viscous
fluids.
¢ Pump Type Matters: Positive displacement pumps handle viscous fluids more effectively than
centrifugal pumps.
¢ System Effects: Thick fluids increase friction losses in piping, impacting total dynamic head
(TDH).
Design Impact:
e Pump type selection (centrifugal versus positive displacement)
e Large impellers or slower speeds may be required
e Increased power demand
Takeaway: Consider fluid viscosity when selecting pump type, speed, and impeller design to maintain
efficiency and reliable flow.

Vapor Pressure
What it is: The pressure at which a fluid begins to vaporize at a given temperature.
Why it matters:
e Fluids with high vapor pressure require greater Net Positive Suction Head (NPSH) margin and
are more prone to cavitation if suction conditions are inadequate.
e Cavitation damages impellers, causes noise, vibration, and performance loss.
Design impact:
e Net Positive Suction Head (NPSH) requirements
e Suction piping design
e Pump placement relative to fluid source
Takeaway: Understanding a fluid’s vapor pressure is essential to maintaining adequate NPSH and
preventing cavitation, ensuring stable pump operation, reliable performance, and long equipment life.

Temperature
What it is: The operating temperature of the fluid being pumped.
Why it matters:
¢ Property Changes: Temperature affects viscosity, density, and vapor pressure, all of which
influence pump performance.
¢ Cavitation Risk: Higher temperatures increase vapor pressure, reducing available NPSH and
increasing cavitation potential.
¢ Component Limits: Excessive temperatures can degrade seals, elastomers, bearings, and
lubricants.
Design impact:
e Seal and elastomer selection
e Bearing lubrication and cooling requirements
e Allowable operating range of pump and motor
Takeaway: Accurate fluid temperature data ensures proper material selection, stable operation, and long-
term pump reliability.
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Solids Content
What it is: The presence, size, concentration, and hardness of suspended solids within the fluid.
Why it matters:

e Abrasive solids accelerate wear on impellers, casings, and wear rings

e Larger or fibrous solids can block passages and reduce flow.

e Solids disrupt flow patterns, reducing efficiency, and increasing vibration.
Design impact:

e Impeller style (open, vortex, recessed, or non-clog)

e Materials and wear allowances

e Maintenance intervals and service life expectations
Takeaway: Understanding solids characteristics is critical to selecting a pump design that minimizes wear,
clogging, and unplanned downtime.

Chemical Compatibility
What it is: The fluid’s corrosive or reactive characteristics with pump materials, including metals,
elastomers, and coatings.
Why it matters:
e Incompatible materials can corrode, weakening structural components.
e Chemical attack may cause swelling, cracking, or loss of sealing capability.
e Material degradation can lead to leaks, contamination, or equipment damage.
Design impact:
e Material selection for casing, impeller, shaft, and fasteners
e Seal type and elastomer compatibility
e Use of coatings or specialty alloys
Takeaway: Proper chemical compatibility protects pump components, ensures safe operation, and
extends equipment service life.

Pump Selection Guidelines Based on Fluid Properties

Fluid Property Pump Selection Guidelines

Density/ Increased pressure Size motor for actual specific gravity; verify shaft,
Specific Gravity and power demand bearing, and seal loads; confirm casing pressure rating

Apply viscosity corrections; consider lower speeds or
larger impellers; evaluate positive displacement pumps
for high viscosities

R . Verify temperature ratings for seals, bearings, and
Cavitation risk and L . )
Temperature . elastomers; allow additional NPSH margin; confirm
material limits
thermal growth allowances
Cavitation and Ensure available NPSH exceeds required NPSH; optimize
Vapor Pressure . . S . .
performance loss suction piping; minimize suction lift
Solids Content Wear, clogging, Select open, vortex, or non.-clog m_‘xpellers; mc_rease
imbalance wear clearances; use abrasion-resistant materials
Match materials and elastomers to fluid chemistry;

consider coatings or specialty alloys; confirm long-term
chemical resistance

Reduced flow, head,
and efficiency

Viscosity

Chemical Corrosion and
Compatibility seal degradation
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Combined Effects of Fluid Properties
What it is: The interaction of multiple fluid properties, such as temperature, viscosity, density, solids
content, and chemical compatibility, acting together within a pumping system.
Why it matters: Fluid properties rarely act independently. Changes in one property often influence
others, and their combined effects can significantly alter pump performance and reliability.
¢ Temperature and Viscosity: As temperature increases, viscosity typically decreases, changing
pump efficiency, flow, and power demand from design conditions.
¢ Temperature and Vapor Pressure: Elevated temperatures raise vapor pressure, reducing NPSH
margin and increasing cavitation risk.
e Solids and Viscosity: Viscous fluids carrying solids increase internal losses, wear rates, and the
likelihood of clogging.
e Density and Solids: Higher-density fluids, especially those with suspended solids, increase shaft
loading and horsepower requirements.
e Chemistry and Temperature: Chemical attack accelerates at higher temperatures, reducing
material life and seal reliability.
Design impact:
e Conservative motor and bearing sizing
e Impeller and casing designs that tolerate wear and off-design operation
e Increased NPSH margin and optimized suction conditions
e Material and seal selections rated for both chemistry and temperature
Takeaway: Evaluating fluid properties together, not in isolation, leads to more robust pump selection,
improved reliability, and predictable long-term performance under real operating conditions.

Wilo is Your Solutions Provider

At Wilo, we understand that every pumping application is unique, and fluid properties can dramatically
impact performance, efficiency, and reliability. That’s why we provide more than just pumps; we deliver
complete solutions tailored to your system’s needs.

¢ Expert Guidance: Our engineers help you evaluate fluid properties, select the right pump type,
and optimize system design.

e Service Network: Wilo supports you throughout the pump lifecycle, from installation and
commissioning to maintenance and repair.

¢ Reliable Performance: With precision engineering, high-quality materials, and rigorous testing,
Wilo pumps deliver efficiency, durability, and predictable operation.

Whether you’re dealing with challenging fluid properties or complex system requirements, Wilo is your
trusted partner, providing solutions that keep your pumps running smoothly, safely, and efficiently.
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