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DRAWING NO. TITLE

D120-100 INDEX

D120-101 SYMBOLS

D120-102 VARIABLE SPEED CHILLED WATER PUMP CONTROL
PRIMARY-SECONDARY-TERTIARY SYSTEM WITH REVERSE
RETURN SECONDARY DISTRIBUTION.

D120-103 VARIABLE SPEED CHILLED WATER PUMP CONTROL
TWO-WAY VALVE REVERSE RETURN PIPING SYSTEM.

D120-104 VARIABLE SPEED CHILLED WATER PUMP CONTROL
TWO-WAY VALVE DIRECT RETURN PIPING SYSTEM.

D120-105 CONVERSION OF CONSTANT SPEED PUMPING & 3-WAY
VALVE TO VARIABLE SPEED CHILLED WATER PUMP.

D120-105-1 CONVERSION OF CONSTANT VOLUME SPEED PUMPING WITH 3-
WAY VALVE TO VARIABLE SPEED-VARIABLE VOLUME PUMPING.

D120-106 VARIABLE SPEED HOT WATER PUMP CONTROL TWO-WAY
VALVE REVERSE RETURN PIPING SYSTEM.

D120-107 VARIABLE SPEED HOT WATER PUMP CONTROL WITH
TWO-WAY VALVE DIRECT RETURN PIPING SYSTEM.

D120-108 VARIABLE SPEED BUILDING PUMP CONTROL FOR DISTRICT
HEATING SYSTEM-DIRECT RETURN PIPING.

D120-109 ZONED VARIABLE SPEED/VARIABLE VOLUME CHILLED
WATER PUMPING CONTROL & TWO-WAY VALVE SYSTEM.

D120-111 COOLING TOWER WITH VARIABLE VOLUME-VARIABLE
SPEED CONDENSER PUMP CONTROL.

D120-112 DOMESTIC WATER SUPPLY PRESSURE BOOSTER
WITH VARIABLE SPEED PUMPING.

D120-113 LIQUID LEVEL CONTROL WITH VARIABLE SPEED PUMPING.

D120-114 INDUSTRIAL HEAT TRANSFER BATCH PROCESS CONSTANT
TEMPERATURE CONTROL USING VARIABLE SPEED PUMPING.

D120-115 VARIABLE SPEED PRIMARY CHILLED WATER PUMP CONTROL
WITH TWO WAY VALVE DIRECT RETURN SYSTEM.

D120-116 VARIABLE SPEED PRIMARY PUMP CONTROL SYSTEM WITH
BYPASS AT THE CHILLERS.

D120-117 VARIABLE SPEED PRIMARY PUMP CONTROL SYSTEM WITH
BYPASS AT THE END OF SYSTEM.

D120-118 VARIABLE SPEED PRIMARY PUMP CONTROL WITH PUMP
PIPED DIRECTLY TO CHILLER, CHILLERS WITH EQUAL RATINGS.
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VARIABLE SPEED CHILLED WATER PUMP
CONTROL PRIMARY-SECONDARY-TERTIARY SYSTEM
WITH REVERSE SECONDARY DISTRIBUTION

DESCRIPTION:
The volume of water supplied to the system is varied
in response to the cooling load by the two-way zone
valves. The basis of Variable Speed Pumping is to
save pumping cost by optimizing the pump motor
horsepower input. The pump produces only the flow
and head required at any time. This is performed by
regulation of the pump speed by an Adjustable
Frequency Drive and Technologic™ Pump Controller.
The controller regulates the pump speed in response
to the system load conditions.

DESIGN PHILOSOPHY:
The concept of Variable Volume-Variable Speed
pumping offers several advantages:

The ability to supply the cooling required to meet
the demand.
The two-way control valve properly sized and selected
assures the zone control system with the flow required
at all loads. The Chillers are sequenced by their
control system to maintain their temperature.

The flexibility to expand the system easily–
The primary-secondary-tertiary system shown has
ultimate capabilities with little modifications required.
Additional chillers can be added in parallel along with
expansion of distribution pumps to meet the new load
conditions.

Accurate comfort control–
By maintaining the system control at the design tem-
perature drops, the complete system operates at its
design conditions and comfort levels.

Minimum energy consumption–
Util izing the Variable Volume system (two-way
terminal control valves), the pumping energy can be
reduced by more than two-thirds that of a constant
speed pumping system riding its pump curve. In
addition the primary-secondary design decouples the
chiller pumps from the distribution pumps enabling
them to be cycled, staged and/or loaded to meet the
load requirements as they occur.

APPLICATION COMMENTS:
• The Chillers are placed in a primary-secondary rela-

tionship with the distribution load allowing constant
speed pumping for the chillers which are sized for the
chiller pressure drop and the chiller related piping. The
parallel chiller arrangement provides more efficient
staging by chiller efficiency and its design permits
future expansion.

• When reverse return distribution piping is employed,
the piping pressure drop differential from zone to zone
is minimized however it must be proportionally bal-
anced to maintain correct distribution and the ∆P sensor/
transmitter should be placed centrally as shown; for
direct return systems the importance of proportional
balancing is essential and the ∆P sensor/transmitter
should be located near or across the last zone’s risers.

• Improperly located ∆P sensor/transmitters may greatly
diminish, or even negate, the savings potential of the
Variable Speed Pumping System. Conversely, proper
location and a practical number of ∆P sensor/trans-
mitters will maximize the savings by optimizing the
system operation.

• A primary-secondary-tertiary should be considered
when:
- applied to a large system (large cooling or heating 

loads or long piping runs)
- high diversity requirements
- high system loss on only 1 or 2 zones (out of many)
- variable pressure drops (∆P) on different zones if

any of the above conditions are present the tertiary
Variable Speed pumping concept will save signifi-
cant operating cost over primary-secondary. The
Bell & Gossett ESP PLUS™ computer program
should be consulted for a detailed load analysis.

• Where there are multiple significant loads that have
peaks at different times, multiple sensor/transmitters
locations should be considered. The Technologic
Pump Controller will automatically monitor all sensors
with reference to each set point and control to the
largest deviation from set point, thus satisfying all
loads.

• Where extended loads are light or where a system has
week-end shut-downs a small bypass with a balanc-
ing valve set for low flow around the zone two-way
valve might be a design consideration to reduce
thermal stratification and allows a quicker start-up
after the shut-down period.

• A good understanding of set point is required to
optimize the operation of the variable speed pumping
system. If it is set too high, the pumping system will
not slow down and the predicted savings in power will
not be realized.
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APPLICATION COMMENTS:
• Primary-Secondary pump system for maximum

energy savings and control. For further information
see Design Philosophy #1 (Drawing D120-102).

• The Variable Speed secondary system responds to a
differential pressure sensor/transmitter which is
sensing across typical supply-return branch or
terminal and two-way control valve. This allows for
energy savings as the terminals respond to a lighter
load and the two-way valves control at a lower flow
position. This increased pressure drop signals the
controller to operate the pump(s) at a lower speed to
maintain its set point.

• In a system where there are major load differences
from one riser to another, multiple ∆P sensor/trans-
mitters can be applied to each major load with unique
set points for each load. The controller will control the
pump(s) speed for the worst condition, providing even
greater energy savings.

• Single ∆P sensor/transmitters should be placed cen-
trally in a reverse return piping system to provide an
average indication of load for the entire system.

• Reverse return piping design is usually selected to
minimize pressure drop from zone to zone. However,
it must be proportionally balanced to maintain uniform
distribution.

• The greater the system head loss (terminal coils,
piping, fittings) the greater the potential for pumping
energy savings.

• An optional bypass with a 2-3% maximum flow
setting may be considered for zones with week-end
shut down for even pick-up and for more stability for
light load conditions. In lieu of bypass on last zone, a
3-way valve may be employed with balancing valve in
its bypass.
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APPLICATION COMMENTS:
• Primary-Secondary pump system for maximum

energy savings and control. For further information
see Design Philosophy #1 (Drawing D120-102).

• The Variable Speed secondary system responds to a
differential pressure sensor/transmitter which is
sensing across typical supply-return branch or
terminal and two-way control valve. This allows for
energy savings as the terminals respond to a lighter
load and the two-way valves control at a lower flow
position. This increased pressure drop signals the
controller to operate the pump(s) at a lower speed to
maintain its set point.

• In a system where there are major load differences
from one riser to another, multiple ∆P sensor/trans-
mitters can be applied to each major load with unique
set points for each load. The controller will control the
pump(s) speed for the worst condition, providing even
greater energy savings.

• Single ∆P sensor/transmitters should be placed
across the farthest and most resistant load in a direct
return piping system to provide a signal for the entire
system.

• Direct return piping design is usually selected as a
lower first cost alternative. However, balancing is
more difficult since the pressure drop across the first
zones will be much greater and proportional balancing
will be required to prevent overflow conditions.

• The greater the system head loss (terminal coils,
piping, fittings) the greater the potential for pumping
energy savings.

• An optional bypass with a 2-3% maximum flow
setting may be considered for zones with week-end
shut down for even pick-up and for more stability for
light load conditions. In lieu of bypass on last zone, a
3-way valve may be employed with balancing valve in
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APPLICATION COMMENTS:
• Primary-Secondary pump system for maximum

energy savings and control. For further information
see Design Philosophy #1 (Drawing D120-102).

• Convert 3-Way valves to Two-way operation to provide
variable terminal flow in relation to load and maximize
potential pump energy savings by only circulating what
is actually required. Check the valve operator for ade-
quate closing power since it will now operate in a two-
way mode and must be able to close against the high-
est expected differential pressure or that determined
by the pump variable speed controller ∆P setting.

• Primary-secondary pump chillers are needed because
of variable system flow in secondary.

• The balancing valve (BV) in the return line should be
re-balanced to proportionally set the design flow to this
terminal in proportion to the other valves in this zone.

• ∆P sensor/transmitter taps to be located at end of
direct-return main, or centrally for reverse return main.

• For multi-distribution mains, suggest ∆P sensor/trans-
mitter for end of each direct/return main with unique
set points and one Technologic Pump Controller.

• The valve size and plug characteristic should also be
checked for two-way operation. Valve size should be
based upon the terminal design flow (gpm) at an
adequate pressure drop. Calculate its Cv factor and
compare against the existing valve’s value. (Note:
Cv=GPM/√∆P). If more than 25% oversize is found
then a smaller valve should be installed. (See drawing
D120-105-1.)
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APPLICATION COMMENTS:
• Convert 3-Way valves to Two-way operation to provide

variable terminal flow in relation to load and maximize
potential pump energy savings by only circulating what
is actually required. Check the valve operator for ade-
quate closing power since it will now operate in a two-
way mode and must be able to close against the high-
est expected differential pressure or that determined
by the pump variable speed controller ∆P setting.

• The valve size and plug characteristic should also be
checked for two-way operation. Valve size should be
based upon the terminal design flow (gpm) at an
adequate pressure drop. Calculate its Cv factor and
compare against the existing valve’s value. (Note: 

Cv=GPM/√∆P). If more than 25% oversize is found
then a smaller valve should be installed. The valve
plug characteristic should also be checked. For
proportional operation of a hydronic coil consider an
equal-percentage valve plug shape to provide a
modifying effect to the non-linear hydronic coil
relationship so that the ratio of heat transfer versus
valve position gives a linear change with the valve
control signal.

• The balancing valve (BV) in the return line should be
re-balanced to proportionally set the design flow to this
terminal in proportion to the other valves in this zone.
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VARIABLE SPEED HOT WATER HEATING PUMP CONTROL
TWO-WAY VALVE REVERSE RETURN PIPING SYSTEM

APPLICATION COMMENTS:
• Primary-Secondary pump system for maximum

energy savings and control. For further information
see Design Philosophy #1 (Drawing D120-102).

• The Variable Speed secondary system responds to a
differential pressure sensor/transmitter which is sens-
ing across typical supply-return branch or terminal and
two-way control valve. This allows for energy savings
as the terminals respond to a lighter load and the two-
way valves control at a lower flow position. This
increased pressure drop signals the controller to
operate the pump(s) at a lower speed to maintain its
set point.

• In a system where there are major load differences
from one riser to another, multiple ∆P sensor/trans-
mitters can be applied to each major load with unique
set points for each load. The controller will control the
pump(s) speed for the worst condition, providing even
greater energy savings.

• Single ∆P sensor/transmitters on reverse return system
shown should be placed across typical terminal 

supply-return in middle of piping run to provide an
average signal for the entire system.

• Primary-secondary pumped boilers recommended
because of variable system flow in secondary. Pumps
placed on discharge side of boilers to reduce boiler
pressure requirements. Air separator on hot water
supply, downstream of common, to maximize air
removal.

• Each terminal should be proportionally balanced with
a balancing valve. Terminal two-way control valve to
be equal-percentage characteristic to linearize heat
output versus flow of terminal to minimize control
hunting.

• For multi-distribution mains, suggest ∆P sensor/trans-
mitter for each main with unique set points for each on
the Technologic Pump Controller.
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VARIABLE SPEED HOT WATER PUMP CONTROL
TWO-WAY VALVE DIRECT RETURN PIPING SYSTEM

APPLICATION COMMENTS:
• Primary-Secondary pump system for maximum

energy savings and control. For further information
see Design Philosophy #1 (Drawing D120-102).

• The Variable Speed secondary system responds to a
differential pressure sensor/transmitter which is
sensing across typical supply-return branch or
terminal and two-way control valve. This allows for
energy savings as the terminals respond to a lighter
load and the two-way valves control at a lower flow
position. This increased pressure drop signals the
controller to operate the pump(s) at a lower speed to
maintain its set point.

• In a system where there are major load differences
from one riser to another, multiple ∆P sensor/trans-
mitters can be applied to each major load with unique
set points for each load. The controller will control the
pump(s) speed for the worst condition, providing even
greater energy savings.

• Single ∆P sensor/transmitters should be placed
across the farthest and most resistant load in a direct
return piping system to provide a signal for the entire
system. For multi-distribution mains suggest ∆P
sensor/transmitter for each main with unique set point
for each on the Technologic Pump Controller.

• Direct return piping design is usually selected as a
lower first cost alternative. However, balancing is
more difficult since the pressure drop across the first
zones will be much greater and proportional balancing
will be required to prevent overflow conditions.

• Primary-secondary pumped boilers are recommended
because of variable speed flow in secondary. Pumps
placed in discharge side of boilers to reduce boiler
pressure requirements. Air separator on hot water
supply to maximize air removal.

• Each terminal should be proportionally balanced with
a balancing valve. Terminal two-way control valve to
be equal-percentage characteristic to linearize heat
output versus flow of terminal to minimize control
hunting.

• The greater the system head loss (terminal coils,
piping, fittings) the greater the potential for pumping
energy savings.

• An optional bypass with a 2-3% maximum flow
setting may be considered for zones with week-end
shut down for even pick-up and for more stability for
light load conditions. In lieu of bypass on last zone, a
3-way valve may be employed with balancing valve in
its bypass.
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APPLICATION COMMENTS:
• The building variable speed pumping system responds

to a differential pressure sensor/transmitter sensing
across the end of the supply-return terminal risers.
This provides energy savings as the terminals respond
to a lighter load and the two-way valves control at a
lower flow position. This increased pressure drop
signals the controller to operate the pump(s) at a lower
speed to maintain its set point. The greater the system
head loss (terminal coils, piping, fittings) the greater
the potential for pumping energy savings.

• In a building system with multiple risers and there are
major load differences from one riser to another,
multiple ∆P sensor/transmitters can be applied to each
major load with unique set points for each load. The
controller will regulate the pump(s) speed for the worst
condition, providing even greater energy savings.

• ∆P sensor/transmitters should be placed across the
end of each distribution loop in a direct return district
piping system to provide an adequate ∆P for each
system loop.

• Direct return design is usually selected for the building
piping as a lower first cost alternative. However,
balancing is more difficult since the pressure drop
across the first zones will be much greater and pro-
portional balancing will be required to prevent over-
flow conditions.

• Reset of each building’s hot water supply temperature
can be customized with O.A. reset by employing a
reset controller positioning the building’s heat ex-
changer two-way control valve. A temperature sensor
is also provided in the return water to the district return
to insure a required maximum return temperature, if
required for the district system.



APPLICATION COMMENTS:
• Each zone pump must be carefully sized for the

supply-return distribution main in addition to it’s zone
requirements without overpressuring adjacent zone’s
return. The zone’s variable speed/variable volume
pump control automatically compensates for it’s load
requirements by maintaining a zone differential
pressure as the load changes. Two-way valve control
permits diversity control within the zone or building.

• Single ∆P sensor/transmitters should be placed
across the farthest and most resistant load in a direct
return piping system to provide a signal for the zone
system. In a system where there are major load differ-
ences from one riser to another, multiple ∆P sensor/
transmitters can be applied to major loads with unique
set points.

• The constant speed chiller pumps are sized to deliver
design flow to the system common and it’s return.

• Direct return piping design is usually selected as a
lower first cost alternative. However, balancing is
more difficult since the pressure drop across the initial
terminals within a zone/building will be much greater
and proportional balancing will be required. Balancing
of the zone returns is required to minimize reverse
flow and over-pressuring in adjoining zones.

• A primary-secondary variable speed distribution
pumping system will show a lower first cost and
comparable operating cost with less complexity than
the direct zone pumping method shown. In addition,
∆P sensor/transmitters can be located to insure
design flows for critical zones.
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APPLICATION COMMENTS:
• Variable pumping flow rate is controlled by the con-

denser leaving water temperature which is affected by
the refrigeration load.

• An alternate sensor location is to measure differential
temperature across the condenser or sense the refrig-
erant head pressure (care must be exercised to insure
against refrigerant leakage).

• Pumping energy is directly influenced by the pressure
drop through the condenser tubes and the tower
nozzles. Variable pump speed provides operating
power saving. Variable speed pump control will
automatically maintain flow as the condenser tubes
and tower sprays foul due to water conditions.

• Minimum condenser flow is mandatory and is set on
the pump control to reduce condenser tubes fouling
with extremely low flows and reduce freeze-up with
operation near freezing conditions. Differential tem-

perature sensing may be required for minimum flow
operation.

• Maximum pump speed may be set on the pump
control to prevent over-pressure tower nozzles and
reduce misting.

• Tower bypass piping may be required for “free-
cooling” or cold weather operation with tower basin
installed inside the building and proper freeze-detection
controls. Balancing valve in the tower-bypass is set to
maintain positive head in the riser to the sprays to
prevent air introduction into condenser water from the
spray heads due to negative pressure.

• Where variable speed fan control is utilized on the
tower, the variable speed pumping system will compli-
ment it. Both will reduce total power consumption for
the condensing water system.
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APPLICATION COMMENTS:
• The variable speed/variable volume pump is sized for

fixture full load capacity. As the building demand is
reduced, the variable speed pump is reduced in speed
to meet the load indicated by the pressure at the pres-
sure sensor/transmitter compared to the controller’s
set point. The Technologic Pump Controller has an
adjustable set point and control that automatically
regulates the pump speed to meet the load.

• Variable speed pumping is justified on basis of
changes of city water pressure (pump suction), load
changes and overheaded constant speed pump
selection. Overheading is caused by a pump selected
for a greater delivery and head than actually required
and may also result from a higher city water pressure.

• The constant volume (standby) pump is automatically
brought on-line by the Automatic Bypass if a failure
occurs at the variable/speed (duty) pump drive, Techno-
logic pump controller, or the pressure sensor/transmitter.

• Down-stream pressure control is essential to protect
the system in high head conditions.

• The proper pressure sensor location is very important.
It should be away from the immediate pump location
so that it will sense “typical” or average fixture supply
pressures; usually a location near the top of the
farthest riser will provide this. Alternate locations may
be dictated by job conditions but care should be
exercised so that it’s location does not cause short-
cycling of the pumps and starvation of farthest loads.



VARIABLE VOLUME / VARIABLE SPEED
SYSTEMS APPLICATIONS

Bell & Gossett®

D120-113
REPLACES BULLETIN D-120A

Packaged Systems Group

AUTOMATIC
AFD BYPASS

TECHNOLOGIC™
PUMP
CONTROLLER

POWERSAV™

ADJUSTABLE
FREQUENCY
DRIVE(S)

BV

CTRL.
  VALVE

PROCESS

BV

CTRL.
  VALVE

PROCESS

BV

CTRL.
  VALVE

PROCESS

(BV - BALANCING VALVE
CIRCUIT SETTER®)

PROCESS
TANK

FROM
PROCESS

VARIABLE SPEED/
VARIABLE VOLUME
PUMP(S)

LIQUID
LEVEL SENSOR/
TRANSMITTER

LIQUID LEVEL CONTROL WITH VARIABLE
SPEED PUMPING

APPLICATION COMMENTS:
• Variable speed pumping is justified by the resulting

process control accuracy; with resulting every savings
in large systems having substantial flow variations.

• The liquid level transmitter can be different analog
types to suit process, materials, etc., such as float
type transmitter, bubbler-pressure transmitter, or non-
intrusive types such as ultra-sonic, etc.

• In this application the typical “on-off” cycling of the
constant speed pump is eliminated and the pump life
will be extended at a lower power consumption.



VARIABLE VOLUME / VARIABLE SPEED
SYSTEMS APPLICATIONS

Bell & Gossett®

D120-114
REPLACES BULLETIN D-120A

Packaged Systems Group

AUTOMATIC
AFD BYPASS

TECHNOLOGIC™
PUMP
CONTROLLER

POWERSAV™

ADJUSTABLE
FREQUENCY
DRIVETRAP

TEMPERATURE
SENSOR

PRV

CW

TEMPERATURE 
TRANSMITTER

CIRC. PUMP
(CONSTANT 
VOLUME)

STEAM TO WATER
HEAT EXCHANGER

TWO-WAY
PROPORTIONAL
CONTROL
VALVE

RELIEF
VALVE

TEMPERATURE
CONTROLLER
(PI MODE)

ROLAIRTROL
& COMPRESSION
TANK

VARIABLE VOLUME/
VARIABLE SPEED
PUMP

TRIPLE-DUTY VALVE™
(BALANCING, CHECK
& SHUT-OFF)

RETURN
SUPPLY

TANK & HEATER COIL

CONSTANT
TEMPERATURE
BATCH
PROCESS

BATCH PROCESS HEAT TRANSFER WITH CONSTANT
TEMPERATURE CONTROL USING VARIABLE SPEED PUMPING

APPLICATION COMMENTS:
• Variable speed pumping is justified by providing

accurate process control and fast response to system
load changes by monitoring temperature of batch
process resulting in uniform product production. In
addition, electrical power reduction via variable speed
pumpingh at part load conditions is achieved.

• In this application the two-way or three-way tempera-
ture control valve pressure drop on the tank and heater

coil is eliminated, resulting in further optimum energy
reduction. The small circulation pump promotes effec-
tive thermal mixing and expedient response to load
changes.

• This is one example of many process control applica-
tions showing how variable volume/variable speed
pumping and heat transfer equipment can be employed.



DESCRIPTION:
The volume of water supplied to the system is varied in
response to the cooling load by the two-way zone
valves. The basis of variable speed pumping is to save
pumping cost by optimizing the pump motor horse-
power input. The pump produces only the flow and head
required at any time. This is performed by regulation of
the pump speed/adjustable frequency drive and
modulation of a bypass valve through the use of the
Technologic™ Controller. The controller regulates the
pump speed and valve position in response to the
system load conditions and in order to protect the
pumps and chillers.

DESIGN PHILOSOPHY:
The concept of variable speed primary pumping offers
several advantages:

The ability to supply the cooling required to meet the
demand.
The two-way control valve properly sized and selected
assures the zone control system with the flow required at
all loads. Two-way valve control permits diversity control
within the zone or building. The Technologic™ provides
optimal chiller/pump sequencing commands.

The flexibility to expand the system easily.
Additional chillers and pumps can be added in parallel to
meet the new load conditions.

Reduce energy consumption.
Utilizing the variable volume system (two-way terminal
control valves), the pumping energy can be reduced by
more than two-thirds that of a constant speed pumping
system riding its pump curve.

Protection features built into B&G algorithms.
B&G developed and fully tested software eliminates
nuisance chiller trips due to lack of flow and prevents
operation of chiller beyond maximum flow. End of curve
protection ensures that pumps do not run off their
operating curve at any speed.

SYSTEM CONTROL:
Pump and system controls should utilize dynamic
sequencing that provides most efficient, energy-savings
control while furnishing appropriate protection of chillers
and pumps.

Priority #1 Energy Savings
The variable speed system responds to a differential
pressure sensor/transmitter, which is sensing across a
terminal and two-way valve. This allows for energy
savings as the terminal responds to a lighter load and
the two-way valves control at a lower flow position.
This increased pressure drop signals the controller to
operate the pump(s) at a lower speed to maintain its
set point.

Priority #2 Minimize Tube Fouling & Prevent Freeze Up
The variable speed system responds to ensure mini-
mum flow requirements are being met for all running
chillers. When necessary, the minimum speed and the
valve position shall be adjusted in order to meet the
operating chillers’ flow requirements. Maintaining

minimum chiller flow is mandatory and is set on the
pump controller to reduce chiller tube fouling and
prevent chiller freeze up with extremely low flows.

Priority #3 Prevent Premature Tube Erosion
The third priority is to monitor system flow rate to
prevent operation above the maximum flow for the
chillers and the pumps. Additional chiller(s) and
pump(s) shall be signaled to run upon detection of a
high flow condition in order to avoid pump operation
beyond end of curve and to protect chiller from high
velocity/tube erosion conditions. Maximum flow must
be constantly monitored independent of drive speed
to guarantee that at any speed, these damaging
conditions do not occur.

APPLICATION COMMENTS:

• Single differential pressure sensor/transmitters should be
placed across the appropriate load in a direct return
piping system to provide a signal for the zone system. In
a system where there are major load differences from
one riser to another, multiple differential pressure
sensor/transmitters can be applied to major loads with
unique set points. The Technologic™ Pump Controller will
automatically monitor all sensors with reference to each
set point and control to the largest deviation from set
point, thus satisfying all loads.

• A good understanding of set point is required to optimize
the operation of the variable speed pumping system. If it
is set too high, the pumping system will not slow down
and the predicted savings in power will not be realized.

• Constant monitoring of chiller flow is essential in order to
protect both the chillers and the pumps. This can be
accomplished by utilizing either differential pressure
sensors or flow sensors piped across each chiller. If
differential pressure is used, size the differential pressure
sensor for minimum chiller flow.

• Theoretically, the bypass should be sized for the smallest
chiller, but since that chiller could be out of service for
any reason, the bypass needs to be sized for the mini-
mum flow of the largest chiller.

• When the bypass is located near the pumps, size the
bypass valve for the differential pressure from pump
suction to chiller discharge at minimum flow. When the
bypass is at the end of the loop, size the bypass
modulating valve for zone differential pressure.

• Chiller isolation valve control, linked to each chiller, is
needed to guarantee most efficient operation and to only
allow flow through operating equipment.

• In the event that no chiller is running, the bypass valve
control will function to protect the pumps from operating
at deadhead pressures in the event all of the zone control
valves are closed.

• Locate the air separator in the return piping prior to the
bypass pipe to maximize air removal due to the relatively
higher temperature of the water.
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SYSTEMS EXHIBITING ALL OF THESE
CHARACTERISTICS ARE MOST LIKELY TO
RESULT IN SUCCESSFUL APPLICATION OF
VARIABLE SPEED PRIMARY PUMPING

System flow can be reduced by 30%.
If system flow can be reduced by 30% from design,
the potential for energy savings and reasonable pay-
back period is likely. Systems whose load does not
vary significantly will not reap the benefits of this
sophisticated control scheme.

System can tolerate modest change 
in water temperature.
As with primary-secondary piping arrangement,
systems that can tolerate moderate changes in water
temperature are better candidates for variable primary
pumping. Allowing temperature to rise before staging
on another chiller could result in greater cost savings.

Operators are well trained.
If the operator is not familiar with the equipment and
the control scheme, he is unlikely to operate it as
designed thus the system will not operate efficiently.
Initial periodic training is mandatory.

Demonstrates a greater cost savings.
First costs are straightforward to determine, since
these are comprised of equipment and installation
costs at the time of design or bid. Operating costs can
be more difficult to determine. Software is available.
(ESP-Plus) Life cycle cost should be the cost method-
ology used to ensure that the building owner’s return
on investment is maximized. Comparison between
variable primary pumping and primary-secondary
designs is the most common assessment to
investigate during the design phase. Keep in mind that
variable primary systems require one set of larger
variable speed pumps as compared to secondary
variable speed pumps. Primary-secondary does re-
quire two sets of pumps, but the cost of larger primary
pump adjustable frequency drives may offset the cost
of starters, with an added benefit of reduced system
complexity to benefit the untrained owner.

High % of hours is at part load or low return
water temperature.
Applications that operate for a high percentage of time
at part load will utilize the variable speed, energy sav-
ings potential of variable primary systems by lowering
speed, thus consuming less energy during lighter
loads. Those that operate at full load but with lower
than design return water temperature benefit in a similar
manner by slowing down the pumps to an adequate
rate, thus maintaining optimal return temperature,
allowing the chiller(s) to operate more efficiently.

AVOID THE USE OF VARIABLE SPEED PRIMARY
PUMPING IN THESE APPLICATIONS

Supply temperature is critical.
Depending upon the volume of the system and the
rate of change, the supply water temperature may
vary. If temperature is critical, primary-secondary
piping will allow for more evenly maintained tempera-
ture. Only those systems that can tolerate variable
supply water temperatures should be considered. 

System volume.
Constant volume results in little energy savings. The
amount of fluid contained in the system can dictate
the rate of change of temperature through the chiller.
Without adequate system volume, the temperature of
the return fluid can be too low creating a low tempera-
ture trip in the chiller or a freeze up condition.

Existing controls are old or inaccurate.
If existing controls are old or inaccurate, system will
be difficult to control. Variable speed primary pumping
requires additional controls for the chillers and the
pumps. The system relies on these controls for proper
regulation. Pumps will operate based on flow and tem-
perature, and ∆P requirements. Sensors must be main-
tained and periodically calibrated to ensure that the
sequencing that utilizes the sensor inputs is accurate.

Limited operator knowledge.
Care must be taken to keep the complexity of the
system within the operator’s ability. If the operator
does not understand the control sequencing and
complexity, he is unlikely to operate the system as
designed. Systems too complex for the operator are
often turned to manual, bypassing the energy saving
functionality of the control system.

Unequal sized chillers.
For redundancy, similar in parts, and maintenance
issues, chillers are chosen to be equal in size. This
redundancy is compromised when chillers of different
sizes or types are utilized. Unequally sized chillers
present flow concerns. Individual pumps per chiller
need to be replaced with headered pumps, See pages
D120-116 and 117. In addition, flow meters or differ-
ential pressure sensors along with two position control
valves need to be provided for each chiller. The control
valves should be sized per chiller manufacturer’s
recommendation. The control algorithm must compen-
sate for the minimum flow for each chiller as well as
the proportion of flow for each chiller when the system
is flowing at less than full chiller capacity.

Unequal sized pumps.
Like their chiller counterparts, equally sized pumps are
desirable. Operators prefer the simplicity of like com-
ponents. For pump protection and to ensure the proper
flow is passing through each chiller, pumps must be
equal in size (flow and head). Dissimilar pumps may
result in premature pump failure.

VARIABLE SPEED PRIMARY CHILLED WATER PUMP CONTROL 
WITH TWO WAY VALVE DIRECT RETURN SYSTEM (cont.)
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APPLICATION COMMENTS:
• A variable speed primary pumping system allows for

energy savings and can reduce the floor space re-
quirement for HVAC equipment in the mechanical
room. For further information on design philosophy
see page D120-115.

• Where extended loads are light or where a system has
weekend shutdowns, a small bypass (2-3% maximum
flow setting) with balancing valve set for low flow
around the zone two-way valve should be a design
consideration to reduce thermal stratification and
allow a quicker start-up after shut-down period. In lieu
of bypass on last zone, a 3-way valve may be
employed with balancing valve in its bypass.

APPLICATION COMMENTS:
• The pressure relief valve mounted in the pump dis-

charge piping will protect against excessive pressure
should all chiller isolation valves be closed.

• The chillers are placed in series with a bank of equally
sized (flow and head) parallel pumps to supply chilled
water to the two-way terminal control valves. This
allows variable speed pumping for the chillers and
system in which the variable speed chiller pumps are
sized for the pressure drop through the chillers, and
the entire network of system piping.

• Recovery of glycol is possible when the system relief
valve is piped to a glycol make-up unit.
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APPLICATION COMMENTS:
• A variable speed primary pumping system allows for

energy savings and can reduce the floor space re-
quirement for HVAC equipment in the mechanical
room. For further information on design philosophy
see page D120-115.

• The parallel chillers are placed in series with a bank of
equally sized (flow and head) parallel pumps to supply
chilled water to the two-way terminal control valves.
This allows variable speed pumping for the chillers
and system in which the variable speed chiller pumps
are sized for the pressure drop through the chillers,
and the entire network of system piping.

APPLICATION COMMENTS:
• Where extended loads are light, and in the event the

lead chiller is off, the bypass valve should not be fully
closed. This will prevent stagnation of water at the
point of supply. In addition, the flow through the
bypass will protect the pumps from operating at
deadhead pressures in the event all of the control
valves are closed.

• The pressure relief valve mounted in the pump dis-
charge piping will protect against excessive pressure
should all chiller isolation valves be closed.

• Recovery of glycol is possible when the system relief
valve is piped to a glycol make-up unit.
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APPLICATION COMMENTS:
• A variable speed primary pumping system allows for

energy savings and can reduce the floor space re-
quirement for HVAC equipment in the mechanical
room. For further information on design philosophy
see page D120-115.

• In this application, dedicated chiller pumps may oper-
ate at different rates of speed to minimize energy
consumption.

• The pressure relief valve mounted in the pump dis-
charge piping will protect against excessive pressure
should all chiller isolation valves be closed while pump
is running.

APPLICATION COMMENTS:
• Where extended loads are light or where a system has

weekend shutdowns, a small bypass (2-3% maximum
flow setting) with balancing valve set for low flow
around the zone two-way valve should be a design
consideration to reduce thermal stratification and
allow a quicker start-up after shut-down period. In lieu
of bypass on last zone, a 3-way valve may be
employed with balancing valve in its bypass.

• The pressure relief valve mounted in the pump dis-
charge piping will protect against excessive pressure
should all chiller isolation valves be closed.

• Recovery of glycol is possible when the system relief
valves are piped to a glycol make-up unit.
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Phone: 561/248-3556

GEORGIA
James M. Pleasants Co., Inc.

Duluth, GA (Northern GA)
Phone: 678/507-1091

GEORGIA (Cont'd.)
George A. Israel Jr., Inc.

Jacksonville, FL
Phone: 904/355-7867

HAWAII
Dawson Co.

Altadena (Los Angeles) CA
Phone: 626/797-9710

IDAHO
Gritton & Associates, Inc.

Salt Lake City, UT
Phone: 801/486-0767

Columbia Hydronics Co.
Boise
Phone: 208/345-2744

ILLINOIS
Bornquist, Inc.

Chicago
Phone: 773/774-2800

Blackmore & Glunt, Inc.
Maryland Hghts. (St. Louis) MO
Phone: 314/878-4313

Sandberg Co., Inc.
East Moline
Phone: 309/796-2371

Hydronic & Steam Equip. Co., Inc.
Indianapolis, IN
Phone: 800/669-4926

317/577-8326

INDIANA
Hydronic & Steam Equip. Co., Inc.

Indianapolis
Phone: 800/669-4926
Phone: 317/577-8326
Evansville
Phone: 800/473-2753
Phone: 812/473-0330
Ft. Wayne
Phone: 260/489-5785
South Bend
Phone: 800/932-6490
Phone: 574/234-6005

Bornquist, Inc.
Chicago, IL
Phone: 773/774-2800

Blackmore & Glunt, Inc.
Cincinnati, OH
Phone: 513/489-5225

IOWA
Products, Inc.

Des Moines
Phone: 515/288-5738

Sandberg Co., Inc.
East Moline, IL
Phone: 309/796-2371

Verne Simmonds Co.
Omaha, NE
Phone: 402/592-3131

KANSAS
Blackmore & Glunt, Inc.

Lenexa (Kansas City)
Phone: 913/469-5715

KENTUCKY
Blackmore & Glunt, Inc.

Cincinnati, OH
Phone: 513/489-5225

KENTUCKY (Cont’d.)
Hydronic & Steam Equip. Co., Inc.

Evansville, IN
Phone: 800/473-2753

812/473-0330
Johnson & Scott, Inc.

Nashville, TN
Phone: 615/254-5454

LOUISIANA
Hydronic Technology Inc.

New Orleans
Phone: 800/365-6746
Phone: 504/827-1163
Shreveport
Phone: 800/673-5737
Phone: 318/797-1500

MAINE
F.I.A., Inc.

Woburn (Boston) MA
Phone: 781/938-8900

MARYLAND
Cummins-Wagner Co., Inc.

Annapolis Junction
Phone: 800/966-1277
Phone: 301/490-9007

Thermoflo Equipment Co., Inc.
Pittsburgh, PA
Phone: 412/366-2012

MASSACHUSETTS
F.I.A., Inc.

Woburn (Boston)
Phone: 781/938-8900

The Bernard M. Packtor Co.
Hamden (New Haven) CT
Phone: 203/288-5241
Albany, NY
Phone: 518/459-1060

MICHIGAN
R. L. Deppmann Co.

Southfield (Detroit)
Phone: 248/354-3710
Grand Rapids
Phone: 616/656-0821
Bridgeport
Phone: 989/652-3049

Hydro-Flo Products, Inc.
Brookfield (Milwaukee), WI
Phone: 262/781-2810

MINNESOTA
Bernard J. Mulcahy Co., Inc.

Eagan
Phone: 651/686-8580

MISSISSIPPI
Hydronic Technology Inc.

New Orleans, LA
Phone: 800/365-6746
Phone: 504/827-1163

Johnson & Scott, Inc.
Little Rock, AR
Phone: 501/803-9520

MISSOURI
Blackmore & Glunt, Inc.

Lenexa (Kansas City) KS
Phone: 913/469-5715
Maryland Hgts. (St. Louis)
Phone: 314/878-4313

MONTANA
Columbia Hydronics Co.

Spokane, WA
Phone: 509/242-1118

NEBRASKA
Verne Simmonds Co.

Omaha
Phone: 402/592-3131

NEVADA
Engineered Equipment & Systems Co.

Las Vegas, NV (Southern NV)
Phone: 702/222-0415

California Hydronics Corp.
Rocklin, CA (Northwest NV)
Phone: 510/293-1993

Gritton & Associates, Inc.
Salt Lake City, UT
Phone: 801/486-0767

NEW HAMPSHIRE
F.I.A., Inc.

Woburn (Boston) MA
Phone: 781/938-8900

NEW JERSEY
Wallace-Eannace Assoc., Inc.

Franklin Lakes
Phone: 201/891-9550

R. D. Bitzer Co., Inc.
Bensalem, PA
Phone: 215/604-6600

NEW MEXICO
Boyd Engineering Co., Inc.

Albuquerque
Phone: 505/275-1250

NEW YORK
Wallace-Eannace Assoc., Inc.

Plainview (NYC)
Phone: 516/454-9300

Frank P. Langley Co., Inc.
E. Rochester
Phone: 585/248-5010
Amherst (Buffalo)
Phone: 716/691-7575
Johnson City
Phone: 607/766-9950

The Bernard M. Packtor Co.
3 Computer Drive West, Suite 102
Albany
Phone: 518/459-1060

Syracuse Thermal Products, Inc.
East Syracuse
Phone: 315/437-7321

NORTH CAROLINA
James M. Pleasants Co., Inc.

Greensboro
Phone: 800/365-9010
Phone: 336/378-9911
Charlotte
Phone: 704/545-0145
Raleigh
Phone: 919/845-1960
Wilmington
Phone: 910/794-5447

NORTH DAKOTA
Bernard J. Mulcahy Co., Inc.

Eagan, MN
Phone: 651/686-8580

OHIO
Blackmore & Glunt, Inc.

Cincinnati
Phone: 513/489-5225

R. L. Deppmann Co.
Richfield
Phone: 330/468-1102

Steffens-Shultz, Inc.
Columbus
Phone: 614/274-5515
8529 N. Dixie Drive, Suite 700
Dayton, Ohio 45414
Phone: 937/454-4980

OHIO (Cont’d.)
Thermoflo Equipment Co., Inc.

Pittsburgh, PA
Phone: 412/366-2012

OKLAHOMA
Boone & Boone Sales Co., Inc.

Oklahoma City
Phone: 405/525-7475
Tulsa
Phone: 918/664-9756

OREGON
Columbia Hydronics Co.

Vancouver, WA
Phone:360/883-2600

PENNSYLVANIA
R. D. Bitzer Co., Inc.

Bensalem
Phone: 215/604-6600

Thermoflo Equipment Co., Inc.
Pittsburgh
Phone: 412/366-2012

Frank P. Langley Co., Inc.
Amherst (Buffalo) NY
Phone: 716/691-7575

RHODE ISLAND
F.I.A., Inc.

Woburn (Boston) MA
Phone: 781/938-8900

SOUTH CAROLINA
James M. Pleasants Co., Inc.

Greensboro, NC
Phone: 800/365-9010
Phone: 336/378-9911
Columbia
Phone: 803/798-1405
Greenville
Phone: 864/232-0200

SOUTH DAKOTA
Bernard J. Mulcahy Co., Inc.

Eagan, MN
Phone: 651/686-8580

Verne Simmonds Co.
Omaha, NE
Phone: 402/592-3131

TENNESSEE
Johnson & Scott, Inc.

Nashville
Phone: 615/254-5454
Cordova (Memphis)
Phone: 901/388-2919

James M. Pleasants Co., Inc.
Greensboro, NC
Phone: 800/365-9010

336/378-9911
Knoxville
Phone: 865/584-5054

TEXAS
Boyd Engineering Co., Inc.

Albuquerque, NM
Phone: 505/275-1250

Oslin Nation Co.
Dallas
Phone: 214/631-5650
Ft. Worth
Phone: 817/590-2500

TEXAS (Cont’d.)
Oslin Nation Co. (Cont’d)

Houston
Phone: 713/699-3500
San Antonio
Phone: 800/243-7756
Phone: 210/342-5544

UTAH
Gritton & Associates, Inc.

Salt Lake City
Phone: 801/486-0767

VERMONT
F.I.A., Inc.

Woburn (Boston) MA
Phone: 781/938-8900

The Bernard M. Packtor Co.
Albany, NY
Phone: 518/459-1060

VIRGINIA
TLA, Inc.

Richmond
Phone: 804/321-4444
Virginia Beach
Phone: 757/497-3567

Cummins-Wagner Co., Inc.
Annapolis Junction, MD
Phone: 800/966-1277

301/490-9007

WASHINGTON
Columbia Hydronics Co.

Renton
Phone: 425/271-5870
Spokane
Phone: 509/242-1118
Vancouver
Phone:360/883-2600

WASHINGTON, DC
Cummins-Wagner Co., Inc.

Annapolis Junction, MD
Phone: 800/966-1277

301/490-9007

WEST VIRGINIA
Blackmore & Glunt, Inc.

Cincinnati, OH
Phone: 513/489-5225

TLA, Inc.
Richmond, VA
Phone: 804/321-4444

Thermoflo Equipment Co., Inc.
Pittsburgh, PA
Phone: 412/366-2012

WISCONSIN
Hydro-Flo Products, Inc.

Brookfield (Milwaukee)
Phone: 262/781-2810

Bernard J. Mulcahy Co., Inc.
Eagan, MN
Phone: 651/686-8580

WYOMING
Gritton & Associates, Inc.

Salt Lake City, UT
Phone: 801/486-0767

J. E. McNevin Co.
Aurora (Denver), CO
Phone: 303/322-0165

INTERNATIONAL:
Visit our website or contact
our office at the address
shown below.


