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Variable Flow Control for Condensing Water Pumps

Introduction

A water-cooled central air conditioning
system usually consists of a refrigeration
plant, a chilled water distribution system, a
condensing water system, air side equipment
and air distribution ductwork. A typical
condensing water system for water-cooled
central air conditioning system consists of
pumps, condenser, a system of condensing
water pipework and a heat rejection unit
such as cooling tower or heat exchanger etc.

This pamphlet aims to introduce an algorithm
for controlling the condensing water pumps
for variable water flow operation and discuss
its energy saving potential when compared
with constant water flow control.

Conventional Control of
Condensing Water Pumps

Basically, the heat rejection capacity of
a condenser is determined by (1) the
temperature difference between the
refrigerant and the cooling media through
the condenser, (2) the flow rate of the
cooling media through the condenser, and
(3) the flow rate of the refrigerant through
condenser.
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Traditionally, constant flow control is adopted
to ensure the system has adequate heat
rejection capacity at full load condition.
However, as the system often runs at part-
load condition, there will be an opportunity
to adjust the heat rejection capacity of the
condenser downward to suit the actual need
of the system and energy saving potential
will be derived.

Variable Speed Control for
Condensing Water Pumps

Typically, the condensing water pump is
connected to the condenser with a system
of pipework. Instead of running at constant
speed, the speed of the condensing water
pump is adjusted by variable speed drive (VSD)
according to the temperature of condensing
water leaving the chillers. With appropriate
setting, the condensing water leaving
temperature could be a good indicator for the
adequacy of condensing water flow rate.
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Variable Flow Control for Condensing Water Pumps

Principle of Operation
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Fig. 1 - Typical Arrangement of Variable Condensing Water Flow System
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The typical arrangement of the control
technology is shown in Fig. 1. Basically,
the system will control the speed of the
condensing water pump in accordance with
the condensing water leaving temperature.
The typical control algorithm is depicted in Fig.
2.
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Condensing water pumps run at maximum speed until HVAC
system reaching steady state
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Fig. 2 — Flow chart showing the typical algorithm of the Variable Condensing Water Flow Control
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Variable Flow Control for Condensing Water Pumps

Beyond this temperature setting, the variable flow control system will be
bypassed. In the determination of this value, the high temperature cutout
setting of the chillers must be taken into consideration together with
adequate safety margin.
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The temperature setting for this upper dead band limit is based on the

design condenser entering water temperature and the design condensing

water leaving temperature, with adequate margin to allow the pump to

speed up before the condensing water leaving temperature reaches the
e upper design limit.
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This parameter for the lower dead band limit could be set at around one
Tos. degree Celsius lower than the Ty, value.
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The Energy Saving Mechanism

The control algorithm saves energy mainly
by the reduction of condensing water
flow during part load conditions by saving
condensing water pump power running at a
lower speed.

With the decreasing cooling load demand,
the potential to reduce the condensing water
flow will occur as less heat rejection capacity
for the condenser is required. For example, if
the condensing water flow could be reduced
by 10% to meet the decreasing cooling load
demand, the amount of pump energy saving
can be estimated as follows according to the
Pump Affinity Law:
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Q,=Q,x(1-10%) =P, =P, x (1-10%)?
P.=0.729 P,

i.e. The estimated saving of condensing water pump power will be around 27 %.
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where Q is the volumetric flow rate and
P is the shaft power

Subscript “0” and “n" refer to original and new respectively
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Variable Flow Control for Condensing Water Pumps

Implementing Control Strategy

The system can be implemented with minor
retrofit work if the condensing water pumps
are already operating with VSDs. It could
also be incorporated into a new system
quite easily. The followings are the general
prerequisites for implementation of the
control system:

e The cooling capacity of the chiller plant
should be sufficient (or have spare
capacity) for the premises. Undersized
plant or marginal plant will have less
(or minimal) chance to operate under
part load condition which is one of the
operating criteria to achieve pump energy
saving.

¢ If the original system is not equipped with
VSDs, consideration should be taken for
technical requirement of installing VSDs
for the pumps.

e Large size condensing pump set and/or
long operation hour system provides
more opportunities for energy saving with
such a control system.

e The minimum pump head requirement of
a particular system should be considered,
which may limit the lowest possible
condensing water flow.
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e The design condensing water entering
temperature of the chillers and the
water flow limit of the chiller condenser
may limit the extent of the VSD speed
reduction.

Besides, particular attention should be drawn
to the chiller penalty as a result of lowering
in condensing water flow, which may
undermine the energy saving potential of the
technology. The chiller penalty herein refers
to additional compressor power consumption
of the chillers from increased refrigerant
pressure lift as a result of insufficient heat
rejection at the water-cooled condenser
arising from reduced condensing water flow.

Energy Saving from Better
Control Strategy

The Variable Condensing Water Flow Control
Strategy enables the condensing water
pumps to be operated more closely with the
cooling demand of the building and reduces
energy wastage of excessive condensing
water flow. It should however be noted
that the achievable energy saving is site
specific which depends on the load pattern
and the conditions of the plant equipment.
For further information, please contact the
Energy Efficiency Office of The Electrical and
Mechanical Services Department.
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Variable Flow Control for Condensing Water Pumps
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A Variable Condensing Water Flow Control E—ERFEFEANTET A4
System was implemented in one of the e b L Y

government premises as a pilot project.

Basic Information

At &l e

Number of condensing water pump: 4 Nos.

Rating of pump motor:

Original control system:

Variable speed drive equipped:

Pump operating hour:

Condensing water circuit:
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75 kW
Constant Flow
Yes

According to office hours of the building (10 hour
per day)

Centralized Piped Supply System for Condenser
Cooling using sea water
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Result of the Pilot Project:

The energy consumption of the condensing
water pumps controlled by this technology
were recorded from May 2008 to April 2009,
which covered a full spectrum of operating
conditions from cold winter to hot summer.
The monthly energy saving of the condensing
water pumps was found to be ranged
from 21.4% to 54.5%, with an average of
about 33%. In general, the saving is more
significant during winter period. The chiller
power consumption pattern was analyzed
and chiller penalty due to variable condensing
water flow was found insignificant in the
pilot project.
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