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will find certain challenges when all of the 2-way valves are shut off:

1) The pump may overheat when it continues to run against a closed valve at its
minimum speed. This may lead to premature seal failure or thermal shock cracking
issues if cold water is suddenly allowed into a hot cast iron casing

2) The temperature of the conditioned water in the headers and remote risers, now
stationary, will decay to ambient. This means that when a space eventually requires
heating or cooling, there will be a delay as the freshly heated or cooled water from
the boiler or chiller finds its way from the plant room, up the riser and along the
floor to the terminal. This may cause user discomfort, generating complaints

3) One solution for 2-way motorised valve control systems is to fit a remotely
mounted bypass line with a control valve. This, suitably engineered and controlled,
will maintain a minimum flow rate in the header, keeping the system pipework at the
correct temperature and prolonging pump and pump seal life

4) The bypass flow required is generally between 5 and 10% of a single pump de-
sign flow rate. However, as the pump will be operating at the lowest speed required
to maintain the minimum system pressure, this flow should be calculated based on
minimum speed Best Efficiency Point (BEP) from the variable speed pump curve

5) Several methods of providing a suitable bypass are discussed in the following
sections:

VARIABLE FLOW SYSTEM CONVERSION - BYPASS CONTROL |

One easy method for bypass control that Armstrong recommends is that, when con-
verting a 3-way valve system to 2-way configuration, simple leave the most remote
3-way valve bypass line open on each riser. If there are only few loads in the zone,
close the most remote 3-way valve bypass regulating valve 50% so that energy is
not wasted with too much conditioned water being returned unused to the chiller or
boiler. In this manner, water will only be
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VARIABLE FLOW SYSTEM CONVERSION - BYPASS CONTROL Il

light load

Sub circuit
Sub circuit
Sub circuit

Change in head at index circuit can be used to
open bypass at low loads

This example shows how a bypass valve is installed and controlled for variable
speed pumps where the differential pressure controller is located at the pump. The
pump in the picture is controlled to produce constant pressure local to the pump in
the plant room. This design does not produce the largest value of energy savings,
however it can expain the operation of the bypass easily. The diagram below the
system schematic shows how the pressure varies around the system. The pres-
sure is highest across the pump (on the left of the diagram) and then reduces as
the water flow passes around the system supply piping. The pressure drops again
through the index leg (On the right) and continues to fall as it returns to the pump
through the return piping. When all the 2-way valves in the system are open, the
water velocity is greatest and the friction / pressure losses are the greatest so that
the differential pressure at the index leg is lowest. However, at low load, when all
the 2-way valves are closed, the friction loss in the supply and return pipework is
reduced, causing the differential pressure at the index leg to increase. This change
in pressure can be used by a pressure controlled valve to open and allow water to
pass through the bypass line, located at the end of the system. The understanding
of where the differential pressure controller is located and the concept of friction
loss reducing drastically in the distribution piping at low flows is fundamental in un-

derstanding Bypass Control sections II, Il & IV.
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pressure will be constant at the remote point and will vary closer to the pump in the
plant room as the loads vary and the pump speed adjusts to match the DP setting
and the actual friction loss in the distribution piping. The pressure actuated bypass
valve is located in the plant room. Normally closed, it senses the fall in differential
pressure in a part load situation and opens, allowing a minimum flow through the
pump. While simple and easy to install, it does not provide the minimum flow need-
ed to keep the water in the distribution piping at the operating temperature.

VARIABLE FLOW SYSTEM CONVERSION - BYPASS CONTROL IV
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Change in head at index circuit can be used to
open bypass at low loads

This bypass example provides a good bypass functionality; however the set up is
more complicated. In this case both the bypass and the differential pressure trans-
ducer are mounted remote to the pump on the index line. This produces the best
energy savings and the pipework maintains the required operating temperature.

For this to operate effectively the minimum frequency on the drive control must be
set high enough that at low load, where the losses in the distribution piping are
small as the flow rate is very low, the pump will operate at its minimum set speed
and move left, up the performance curve, increasing the pressure at the index, caus-
ing the bypass valve to open. The closed valve pressure of the pump at its minimum
frequency must be 25% higher (12% higher frequency) than the control pressure
setting of the pressure transduc-
er at the index.
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point, the pump will track the quadratic control curve down to the minimum speed
setting. As the system 2-way motorised control valves continue to close, reducing
the system flow, the controls will not allow the drive to reduce speed further so the
operating point must move to the left along the minimum set speed performance
curve, causing a rise in pressure as it approaches zero flow rate. This rise in pres-
sure actuates the bypass valve, which will open, permiting the minimum flow to pass
through the bypass line.

VARIABLE FLOW SYSTEM CONVERSION - PUMP TOPICS

If the existing motors are going to be re-used and will be fitted with drives for the
first time, checking the suitability of the motor for inverter use with the manufac-
turer’s representative in your area. High voltage spikes from adjustable frequency
drives apply more stress to the insulation systems of motors than constant speed
application. Motor insulation not suitable for inverter use may break down, causing
motor failure. Generally, older motors with Class B insulation may not be suitable
for inverter use and modern motors with Class F insulation should be checked also.

Generally the motor manufacturer will need to know the drive carrier frequency set-
ting and the cable length between the drive and motor. If in doubt, it makes sense
to change out the motor if supplying a new drive. If the pumping unit is an Arm-
strong vertical in-line type, a new complete rotating assembly, supplied with Sensor-
less Controls can probably be supplied to fit directly into the existing pump casing.
Ask your local Armstrong representative for more information.

VARIABLE FLOW SYSTEM CONVERSION - ELECTRICAL TOPICS

In a plant room, the conversion work involves fitting the new rotating assemblies

to the existing pump bodies or supplying stand-alone controls, Sensorless or not,
for exisiting pumps. The existing pump control panels and the contactors inside
them are now redundant and may now be removed from site. If the owner prefers
to retain the existing control panel as is contains other equipment and is already set
up for BAS interface, the power cables can be wired into the new drives instead of
the old motors. Trying to fit the drives inside a central panel with long cable to the
motors is not the best solution. This can lead to harmonics problems causing noise
and motor insulation damage and is to be avoided. Decentralized controls are com-
mon today and Armstrong can supply integrated controls on Vertical Inline pumps up
to 76hp (55kW)
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VARIABLE FLOW SYSTEM CONVERSION - CONTROLS TOPICS

Once the mechanical and electrical installation is complete, the controls company
can if necessary or desired connect the controls to the BAS / BMS. They can moni-
tor the drive status and deliver an enable or disable signal. Armstrong drives are
compatible as standard or with optional cards to all the usual communications proto-
cols; such as Lonworks, BACnet, Modbus, Metasys N2 or Apogee FLN.

VARIABLE FLOW SYSTEM CONVERSION - SUMMARY

* The VARIABLE FLOW SYSTEM conversion saves money

* The heating / cooling system works better

* Building regulation compliance is enhanced

* Pumps and drives are easily installed - often with no change to pipework

* Control valve changes are easy to do — often closing the bypass line to convert 3
way valve systems to 2 way systems is best done by the building maintenance staff
who are familar with their location.

* The plant room is cleaned up with fewer control panels

SENSORLESS PUMP TECHNOLOGY

Issues relating to sensors:

* For best energy savings the sensor needs to installed remotely

* Mechanical and electrical installation costs incurred

» Exact position for sensor in system is often difficult to determine

* If installed remotely loads closer to the pump may be under-pumped when needing
flow and remote loads are satisfied

* Bringing the sensor closer to the pump is expensive and prevents highest energy
savings

*Sensors are prone to failure and are regularly damages or installed incorrectly
Placing the DP sensor remotely facilitates greater turndown and hence greater en-
ergy savings although some capital and installation costs will be incurred by install-
ing the sensor at a location distant from the pump and controls. To save on direct
cable runs back to the drive it is possible to put the signal through the BAS / BMS
and bring it back out in the plant room; however cost for extra BAS / BMS points
will still be incurred. If the sensor is placed across the most remote load leg and
remote loads are satisfied and loads closer to the pump need full flow, the pump
speed and back pressure in the piping may not be sufficient to supply full flow to
the closer loads; resulting in under-pumping. BSRIA in the UK and others recom-
mend that the sensor be placed 2/3rd the way down the system as a trade off be-
tween energy savings and satisfactory system operation. Sensors are electro me-
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chanical devices and can fail in the system. If you read Benefits of variable speed
pumps with Sensoless Control on above you may now know that Sensorless Control
can do everything a remote sensor can do, without the cost of supplying, installing
and wiring the sensor. Ask your local Armstrong representative for more details.

VARIABLE FLOW CONVERSION - IVS OPPORTUNITY CALCULATOR
The calculator is on-line at: http://www.armstrongpumps.com/ivs/Calculator.html

The Opportunity Calculator helps the user estimate the potential energy savings in
the system and how long the payback period will be. A system lifetime cost savings
estimate is also detailed. Simply complete the data input on the first screen; includ-
ing system flow rate, head losses, operational hours per year, pump efficiency and
local electricity cost. The cost of the Sensorless pumping unit is entered later on the
‘IVS pump cost’ screen. This cost would be the incremental cost of the sensorless
unit over a constant speed pump for a new system (Constant pump cost entered on
the appropriate screen) or the full cost of the sensorless unit if the unit is to pay
for itself soley from energy savings (Use constant speed pump cost of zero). The
minimum system pressure defaults to 40% of the design pump head and the part-
load flow defaults to the ASHRAE 90.1 part load benchmark of 50% of design flow.
Each screen takes you step by step through the constant speed continuous power
usage and the variable speed power usage under normal part load conditions. Later
screens compare the two running costs and calculates the payback.

This calculator is quite conservative and estimates the payback from energy savings
only. Sensor costs are not included which could easily remove $2,000 (£1200) from
the investment total.

These are exciting times with energy saving fruits low-hanging in many hydronic
HVAC systems just waiting to be picked. Your local Armstrong representative will
be pleased to help you understand the true value of variable speed HVAC pumping
and how it can easily reduce your energy costs and pay for the conversion quickly
from your own savings.
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