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ACV 101 - PRV FUNDAMENTALS & APPLICATIONS



WHAT IS A PRV?
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WHAT IS A PRV?

A PRV IS SIMPLY A FUNCTION OF, OR 
AN APPLICATION OF AN ACV
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WHAT IS AN ACV?

• ACV stands for Automatic Control Valve

– Hydraulic Pilot Controlled

– Diaphragm/ Piston Operated Valve

– Actuated/Powered by Line Pressure - Differential
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• PRV

• Cla-Val/ Singer or “Tedder Valve”

• Pilot Operated Valve

• Diaphragm Valve



Float Control………………………….. Controls Level in a Tank or Reservoir, uses a float

Solenoid  Control…………………… Zone Control or Electric On-Off/Override

Flow Control w/orifice plate…. Maintains Constant Rate-Of-Flow

Pressure Reducing Control……..

Pressure Sustaining/Relief……..

Non-Surge Check……………………

Surge Anticipation …………………

Maintains Constant Downstream Pressure

Maintains Minimum or Maximum Upstream Pressure

Closes on Reverse Flow (adjustable opening & closing speed)

Recognizes a drop in pressure, initiating opening prior to surge 

Altitude Control……………………. Maintains Level in a Ground Level or Elevated Storage Tank
or Reservoir using pressure head as control (NO FLOAT)

Pump / Well Control……………… Controls Pipeline Surges from Starting and Stopping of Pumps

Various others Commercial…… Shutdown, excessive pressure valves, etc..

ACV Purpose of Functions
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ACV

Introduction To Fundamentals
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REMOVING THE VOODOO



WHAT MAKES AN ACV?
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Main Valve

+

Pilots and Accessories



Fundamentals
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Valve Cover

Disc & Diaphragm

Assembly

Disc Seat

Valve Body

Basic Valve Construction 
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Mystery Revealed
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• Diaphragm to Seat Ratio is 1.5 : 1

Operating Principle – How?
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Operating Principle On-Off Operation (Single Chamber)

Valve Size:  4”

Line Pressure:  100 PSI

19 Square Inches
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100 PSI 100 PSI

Downward Force: 

Upward Force: 

1,900 Lbs.

1,300 Lbs.

13 Square Inches



• Pressure into Cover Chamber:
– VALVE CLOSES

• Pressure out of Cover Chamber:
– VALVE OPENS

• Pressure regulated in Cover Chamber:
– VALVE MODULATES

Operating Principle
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Operation Explained 
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Operation Explained
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Operation Explained
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Operation Explained
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Automatic Control Valve 101

Introduction Module 2

Theory of Operation

Watts ACV
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HOW DOES AN ACV WORK?

The Pilot tells the Main Valve what to do
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• On/Off
• Valve is open or closed drip tight

• Modulating - Regulating
• Valve is in a throttling position

• Combination
• Regulating control with solenoid override

• Two regulating controls in series

Types of Operation
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Types of Operation – Non-Modulating Service
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Almost all Non-Modulating Valves use some sort of 3-Way Control Pilot – These Pilots all have three 

ports and three connections. A Supply Port, a Cover Port and a Drain Port. These Pilots either block 

the Drain Port or the Supply Port while interconnecting the Cover Port with the unblocked Port – In 

this case the Supply is Connected to the Cover or Common Port while blocking the Drain and the 

Valve is Closed – ALL 3 – WAY PILOTS WORK LIKE THIS!!



Types of Operation – Non-Modulating Service
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So, the Valve comes open when the 3-Way Control Pilot Shifts Positions 

and blocks the Supply Port while interconnecting the Common or Cover 

Port with the Drain Port and the Valve comes Open

ALL THREE-WAY PILOTS WORK LIKE THIS!!



Types of Operation – On/ Off Valve
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Non-Modulating Valves Need 3 Connections

1) Supply Port/ Connection, 2) Cover Port/ Connection, 3) Drain Port/ Connection



Types of Operation – On/ Off Valve
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Watts/ Ames 970 Series Float Valve



Types of Operation – On/ Off Valve
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Watts/ Ames 970 Series Float Valve



Types of Operation – On/ Off Valve
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Watts/ Ames 127/ 960 Series Altitude Valve (One-Way Flow)

THE AMES SERIES 
960GD ALTITUDE 
VALVE FOR ONE-WAY 
FLOW IS DESIGNED 
TO KEEP WATER 
STORAGE TANKS FULL 
VIA THE SINGLE 
POINT AMES MODEL 
27 ALTITUDE 
CONTROL PILOT.



HOW DOES AN ACV WORK?

The Pilot tells the Main Valve what to do
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Pressure Reducing ACV Pilot



DIRECT ACTING vs ACV (Piloted)
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Water Pressure Reducing Valves



PRV Pressure Reducing Valve
Watts LF25AUB-Z3



• Operating Principle

– Compare Direct Acting vs ACV Main Valve: 

DIRECT ACTING vs ACV (Piloted)
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Diaphragm

Loaded Spring. 
“Spring Dependent”

Adjusting Bolt

No Adjusting Bolt

“Spring Assisted”
Only



DIRECT ACTING vs ACV (Piloted)
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Chamber 
Open to 
Atmosphere 

Water Line Pressure 
in chamber



DIRECT ACTING vs ACV (Piloted)
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DIRECT ACTING vs ACV (Piloted)
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• Functions

• Sizes 1-1/4” to 36”+

• End Connections

• Control Options

• Performance

• Volumetric Capacity

• Pressure (line and set)

• Longevity

• Adaptability after installation

• Ownership Cost
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DIRECT         VS       ACV
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Direct Acting Pressure Reducing Valve
-     For smaller commercial or domestic applications
- Mechanical force vs hydraulic force to regulate downstream demand
- Most efficient with consistent flows and demands

Pilot Operated Diaphragm Control Valve (Pressure Reducing 
Function) - ACV
-    For commercial or municipal applications
-    Dependent on a direct acting pilot to control flows off the cover
- Can handle a much wider range of flows and demands efficiently
- Less fall off (flow vs. PSI)



DIRECT         VS       ACV
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ATTACK OF VOODOO
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Automatic Control Valves

Issues & Problems

Watts ACV
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HOW DOES AN ACV WORK - Pilots
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Size Matters………..
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Issues with Oversizing



• Cavitation:
– The formation of bubbles within a liquid at low-pressure regions that 

occur in places where the liquid has been accelerated to high 
velocities

– Creates erosion, noise and reduced efficiency because of flow 
distortion
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What is Cavitation?

• Velocity:
– The speed of water (FT/S)

– The pressure difference from a restriction causing fluid to move faster 
to maintain the upstream pressure (Bernoulli’s Principal) 



Cavitation Avoidance
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Issues with Oversizing

RUBBER DISC

DISC RETAINER
(DUCTILE IRON)

INLET ANTI-CAVITATION CAGE 



• Meet fire flow demand

• Meet max system demands

• Minimal or normal demands are not taken 
into consideration

• The “just in case” dominated the typical 
demands

45

Why are PRV’s oversized?
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Issues with Oversizing

Meets max fire flow demands, but what about low flows?



• Ideal PRV operation:

– 20%-80% valve position

– 10%-90% is not ideal, but allowable
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Ideal Operation
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Custom Sizing Available
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Custom Sizing Available



• SINGLE VALVE INSTALLATION

• PARALLEL VALVE INSTALLATION
➢ HIGHER FLOW w/ LOW FLOW BY-PASS

• STAGED REGULATING VALVES                                                               
(In Series)                                                                                                
Use For Excessive Pressure Drop (anti-cavitation trim too?)

➢ MULTIPLE VALVES IN SUCCESSION ON SAME LINE

DESIGN CONSIDERATIONS EXPANDED



Design Considerations Expanded

6” Flanges / 6” Internals 6” Flanges / 4” Internals

Full Port Reduced Port



Design Considerations Expanded

Globe Pattern Angle Pattern



Design Considerations Expanded

Under the Seat:  Valve Fails Open

•Most Applications

Over the Seat:  Valve Fails Closed

•Specialty Applications Only

•Designated By An Identifier.  
• i.e.“R” in Model Number



Design Considerations Expanded

Standard Installation 6” and Smaller
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Design Considerations Expanded
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• Can You?  Yes.

• Is It Best Practice? No.

Main Valve – Vertical Installation



Design Considerations Expanded
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Watts on YouTube
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Preventative Maintenance

Why do we need preventative maintenance?

• PRV’s are designed to fail open

• Because of the reduced flows, ports can clog up and impede the valves 
ability to operate

• Strainers can clog up

• Soft brass fittings can corrode causing fitting leaks

• Ensure proper operations
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Common Failures



Specify Y-Strainers and Inlet/ Outlet Isolation Cocks
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• OVERSIZING or LINE SIZING
➢ PLACES ACV OPERATION OUTSIDE OF IDEAL VALVE POSITION OF OPERATION (% OF VP)

       IDEAL VALVE OPERATION IS ABOVE 20% OPEN & NOT EXCEEDING 80% OF FULLY OPEN
➢ CONSTANT OPERATION OUTSIDE OF IDEAL % OF VP RESULTS IN VALVE DAMAGING CONDITIONS

• INEFFICIENT DESIGN PRACTICES
➢ DESIGNS DON’T EFFECTIVELY ADDRESS HIGH & LOW FLOWS

➢ OFTEN RESULTS IN DAMAGE TO VALVES & WATER QUALITY ISSUES DUE TO STAGNATION

➢ OFTEN THE SOURCE SYSTEM ISSUES (PERIODS OF LOW CONSUMPTION)

• LACK OF PREVENTATIVE MAINTENANCE
➢ OFTEN DUE TO LACK OF ACV KNOWLEDGE OR STANDARD PROCEDURES

➢ VALVES FAIL OPEN DUE TO CLOGGED PORTS, STRAINERS, ETC. OR UNINSPECTED FITTINGS

➢ RESULTS IN ONE IF NOT SEVERAL SYSTEM FAILURES

• INABILITY TO CONTROL AND/ OR MONITOR 
➢ THE ADDITION OF VAULT TELEMETRY IS AN EXTREME EXPENSE

➢ REQUIRES THE ADDTION OF SUMP, PLC, AND ELECTRICITY OFTEN EXCEEDING $20,000

➢ YOU DON’T KNOW THERE IS A PROBLEM UNTIL “THERE IS A PROBLEM” 

➢ LACK OF VALVE CONTROL MAKES PRV EXERCISING IMPRACTICAL (I.E. WORKING CAPITAL)                                   

ACV/ PRV COMMON ISSUES & PROBLEMS
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ANY QUESTIONS
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