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INTRODUCTION 
 
 
The Dunham-Bush WCFX-E Water Cooled Rotary Screw Flooded Chillers are available from 70 to 
1000 TR [246 to 3517 kW]. These units are supplied with rotary screw compressors that are 
backed by more than 40 years of experience. In fact, a one-year parts warranty is provided on the 
entire unit at no extra cost. 

All units are factory run tested before shipment. 
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NOMENCLATURE 
 
 
 WC F X E 10 S AR C3R B4R Q 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Condenser Code 

Water-Cooled Chiller 

Flooded Evaporator 

Screw Compressor 

Model Electrical Code 
AN - 208-230V/3PH/60HZ 
AR - 460V/3PH/60HZ 
AS - 575V/3PH/60HZ 
CB - 380V/3PH/60HZ 

Evaporator Code 

S = Single Compressor 
T = Two Compressors 
Blank= Three Compressors 

Generation 
WCFX-E 

Blank – Options Within The 
Scope of SPEC 

Q - Options Outside The 
Scope of SPEC 
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COMPONENTS 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STANDARD FEATURES 
 
 
Size/Range 

 37 Models from 70 to 1000 TR [246 to 3517 kW]. 
 Multiple compressor units provide redundancy, and 

favorable part load efficiency. 
 One-year parts warranty at no extra cost. 

 
Compressor(s) 

 Improved, quiet, reliable MSC Vertical Rotary Screw 
Compressors with up to 2 integral oil separators. 

 Optimized for R134a and optimized volume ratio for 
best efficiency. 

 UL listed. 
 Improved rpm and noise level. 
 Optimized rotor drive. 
 Improved rotor and anti-reverse rotation bearing 

design. 
 Optimized VI port position and geometry. 
 Multiple rotary screw compressors design for better 

reliability and redundancy. 
 Welded hermetic design with no requirement for 

internal parts service, no periodic compressor tear 
down and overhaul, and eliminates casing leakages. 

 Consistent loading and unloading with dependable 
slide valve mechanism. 

 No external oil pump required. 
 Double-delta motor winding with 1/3 lock-rotor amps at 

start-up. Star-delta motor winding for MSC 226 mm 
series. 

 Faulty or damaged compressors reworkable at 
minimal cost at various Dunham-Bush’s authorized 
compressors reworked facilities. To ensure minimum 

downtime during rework of faulty or damaged 
compressor, Dunham-Bush can arrange to provide a 
substitute reworked compressors while the faulty 
compressor is being reworked or repaired. 

 Vapor injection cycle to increase capacity and improve 
efficiency. 

 
Evaporator/Condenser 

 Cleanable and Removable Integral Fin Copper Tubes. 
 One, Two or Three Water Passes Available. 
 Removable Water Heads. 
 Victaulic Groove Water Connections. 
 Vessel designed according to ASME Code, approved 

and certified by JKKP. 
 Relief Valves(s) standard - 3/4" FPT or 1” PPT. 
 Full Pump Down Capacity in Condenser. 

 
Controller/ Electrical 

 Proactive Advanced Controller adapts to abnormal 
operating conditions. 

 Tolerant and accommodating of extreme conditions at 
start-up. 

 Capable of controlling multiple chillers, cooling towers, 
pumps, etc. 

 Circuit Breaker on each multiple compressor unit. 
 Unit Mounted Contactor and Time Delay for reduced 

Inrush Start. 
 Current and Voltage transformers. 
 Under Voltage Phase Failure Relay. 
 Indicator lights for Compressor Overloads, Micro 

Alarm, Control Power, Compressor Control Circuit. 

Heat exchangers with 
cleanable and removable 
enhanced copper tubes 

Compact, quiet MSC 
Compressors 

Controller for precise 
and reliable control 

Vessels designed according 
to ASME code 

Bolted construction 
for easy knockdown 

Economizer to 
enhance performance 
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UNIT FEATURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compressor Assembly 
The Dunham-Bush rotary screw compressor is a positive 
displacement helical-axial design for use with high-
pressure refrigerants. 

 The compressor consists of two intermeshing helical 
grooved rotors, a female drive rotor and a male driven 
rotor, in a stationary housing with suction and 
discharge gas ports. 

 Uniform gas flow, even torque and positive 
displacement, all provided by pure rotary motion 
contributes to vibration-free operation over a wide 
range of operating conditions. Intake and discharge 
cycles overlap, effectively producing a smooth, 
continuous flow of gas. 

 No oil pump is required for lubrication or sealing 
purposes. Oil is distributed throughout the compressor 
by the pressure differential between the suction and 
the discharge cavities. 

 

Simplified Capacity Control 
The slide valve mechanism for capacity modulation and 
part load operation is an outstanding feature: 

 The moving parts are simple, rugged and trouble-free. 
The slide mechanism is hydraulically actuated. 

 Package capacity reduction can be down to as low as 
8.5% without HGBP by progressive movement of slide 
valves away from their stops. 

 Capacity reduction is programmed by an exclusive 
electronically initiated, hydraulically actuated control 
arrangement. 

 

Positive Displacement Direct Connected 
The compressor is directly connected to the motor 
without any complicated gear systems to speed up the 
compressor and thus detract from the overall unit 
reliability. 

Oil Separation 
Each compressor is provided with up to 2 integral oil 
separator/impingement plate located below the discharge 
gas port. 

 The separator is a multi-layered mesh element which 
effectively separates oil from the gas stream. 

 The oil drains into the sump and the discharge gas 
passes around the deflection plate. An oil drain valve 
is located near the bottom of the oil sump. 

Oil is also returned to the compressor after it is separated 
from the refrigerant at the oil separator located at the 
discharge of the compressor. 
 
Main Bearings 
Each rotor is fitted with a set of anti-friction tapered roller 
bearings. They carry both radial and thrust loads. Anti-
reverse rotation bearings are used. 
 
Rotors 
The latest asymmetrical rotor profiles of patented 
Dunham-Bush design assure operation at highest 
efficiencies. Rotors are precision machined from high 
strength alloy steel and precision ground, in house. 
 
Castings 
All housings are manufactured of high grade, low porosity 
and cast iron. 
 
Solid State Motor Protection 
The motor winding protection module used in conjunction 
with sensors embedded in the compressor motor 
windings is designed to prevent the motor from operating 
at unsafe operating temperatures. The overloads for the 
motor are also solid state. 
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UNIT FEATURES 
 
 

   

 
 

 
 
Compressor Operation 
Note: For clarity reasons, the following account of the 
compressor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. In 
actual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulsating gas flow. 
 

Suction Phase 
As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created and 
gas is drawn in tangentially through the inlet port -- Fig. A. 
-- As the rotors continue to turn the interlobe space 
increases in size -- Fig. B -- and gas flows continuously 
into the compressor. Just prior to the point at which the 
interlobe space leaves the inlet port, the entire length of 
the interlobe space is completely filled with drawn in gas -
- Fig C. 

Compression Phase 
As rotation continues, the gas in the interlobe space is 
carried circumferentially around the compressor housing. 
Further rotation meshes a male lobe with the interlobe 
space on the suction end and squeezes (compresses) 
the gas in the direction of the discharge port. Thus the 
occupied volume of the trapped gas within the interlobe 
space is decreased and the gas pressure consequently 
increased 
 

Discharge Phase 
At a point determined by the designed "built-in" 
compression ratio, the discharge port is covered and the 
compressed gas is discharged by further meshing of the 
lobe and interlobe space - Fig. D. While the meshing 
point of a pair of lobes is moving axially, the next charge 
is being drawn into the unmeshed portion and the 
working phases of the compressor cycle are repeated. 

 
Compressor Fully Unloaded 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Compressor Fully Loaded 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Slide Valve Control 
Movement of the slide valve is programmed by an 
exclusive Dunham-Bush electronically initiated (by 
variations in leaving chilled water temperature) 
hydraulically actuated control arrangement. When the 
compressor is fully loaded, the slide valve is in the closed 
position. Unloading starts when the slide valve is moved 
back away from the valve stop. Movement of the valve 
creates an opening in the side of the rotor housing. 

 
 
Suction gas can then pass back from the rotor housing to 
the inlet port area before it has been compressed. Since 
no significant work has been done on this return gas, no 
appreciable power losses are incurred. Reduced 
compressor capacity is obtained from the gas remaining 
in the rotors which is compressed in the ordinary manner. 
Enlarging the opening in the rotor housing effectively 
reduces compressor displacement. 

FIG. A FIG. B FIG. C FIG. D 
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UNIT FEATURES  
 
 
 
 
 
 
 
 
 
 
 
ADVANCED CONTROLLER 
Vision 2020i a flexible and advance programmable 
electronic controller designed specifically for the 
applications and precise control of Dunham-Bush Rotary 
Screw compressor chillers. 
The controller is provided with a set of terminals that 
connected to various devices such as temperature 
sensors, pressure and current transducers, solenoid 
valves, compressors and fans contactors, control relays 
and etc. Three sizes of controller are provided to handle 
different number of input and output requirements: DB5-S 
small board, DB5-M medium board and DB5-L large 
board. 
The unit algorithm program and operating parameters are 
stored in FLASH-MEMORY that does not require a back-
up battery. The program can be loaded through PC or 
programming key.  
Vision2020i controller is equipped with a user friendly 
terminal with 7” diagonal TFT 800 x 480 WVGA color 
touch screen led back light graphical display, and 
dedicated touch keys that provides easy access to the 
unit operating conditions, control set points and alarm 
history.  
Each unit’s controller can be configured and connected to 
the local DBLAN network that allows multiple units 
sequencing control without additional hardware. The 
DBLAN is local area network made up of several chillers’ 
controller. 
 
Display and User Terminal 
Vision 2020i controller is design to work with a user 
friendly DBG5 7” graphical colour touch screen display 
panel which connected with controller through shielded 
twisted pair cable. The terminal allows carrying out all 
program operations. The user terminal allows displaying 
the unit working conditions, compressor run times, alarm 
history and modifying the parameters. The display also 
has an automatically self-test of the controller on system 
start-up. Multiple messages will be displayed by 
automatically scrolling from each message to the next. All 
of these messages are spelled out in English language 
on the display terminal. 
There are touch keys enable user to access information, 
base on the security level of the password. For more 
detail operation of the Display Terminal, please refer to 
the Unit Operation Manual. 

Easily accessible measurements include: 
 Leaving chilled water temperature 
 Leaving chiller water temperature derivative 
 Evaporator Pressure 
 Condenser Pressure 
 Compressor amp draw of each compressor 
 Compressor elapsed run time of each compressor 
 Compressor starts status 
 Oil level sensor status 
 Water temperature reset value 
 Water flow switch status 
 External start/stop command status 
 Trend graph for leaving chilled water temperature 

Optional entering chilled water temperature, leaving and 
entering condenser water temperature are available. With 
this option the operator can quickly and accurately read 
all significant water temperatures and eliminate the need 
for often-inaccurate thermometers. Voltage readout is 
also offered as an optional feature. 
 

Capacity Control 
Leaving chilled water temperature control is 
accomplished by entering the water temperature setpoint 
and placing the controller in automatic control. The unit 
will monitor all control functions and move the slide valve 
to the required operating position. The compressor ramp 
(loading) cycle is programmable and may be set for 
specific building requirements. Remote adjustment of the 
leaving chilled water setpoint is accomplished through 
either direct connection of other Dunham-Bush control 
packages to the controller through either the RS485 long 
distance differential communications port, or from an 
external Building Automation System supplying a simple 
4 to 20mA signal. Remote reset of compressor current 
limit may be accomplished in a similar fashion. 
 

System Control 
The unit may be started or stopped manually, or through 
the use of an external signal from a Building Automation 
System. In addition, the controller may be programmed 
with seven-day operating cycle or other Dunham-Bush 
control packages may start and stop the system through 
inter-connecting wiring. 
 

System Protection 
The following system protection controls will automatically 
act to insure system reliability: 

 Low suction pressure 
 High discharge pressure 
 Freeze protection 
 Low differential pressure 
 Low oil level 
 Compressor run error 
 Power loss 
 Chilled water flow loss 
 Sensor error 
 Compressor over current 
 Compressor Anti-recycle 

The controller can retains up to 99 alarm conditions 
complete with time of failure together data stamping on 
critical sensor readings in alarm history screens. This tool 
will aid service technicians in troubleshooting tasks 
enabling downtime and nuisance trip-outs to be 
minimized. 
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UNIT FEATURES 
 
 
Remote Monitoring 
Vision 2020i controller can be completed with an optional 
RS485 communications card and NETVISOR software 
for remote monitoring and controlled from a PC terminal 
and optional phone modem. 

With various optional add-on cards the Vision2020i 
controller can also be interfaced directly to the Building 
Management System (BMS) with the standard open 
communication protocols using MODBUS, LONWORKS, 
BACNET MSTP as well as over IP. 

This sophisticated feature makes servicing easier and 
more convenient to the system. The controller as 
standard is additionally equipped with history files which 
may be used to take logs which may be retrieved via the 
phone modem. Now owners of multiple buildings have a 
simple and inexpensive method of investigating potential 
problems quickly and in a highly cost effective manner. 
 
 
REFRIGERATION CYCLE 
Dunham-Bush Water Cooled Screw Flooded Chillers are 
designed for efficiency and reliability. The rotary screw 
compressor is a positive displacement, variable capacity 
compressor that will allow operation over a wide variety of 
conditions. 

Even at high head and low capacity, a difficult condition 
for centrifugal compressors, the rotary screw performs 
easily. It is impossible for this positive displacement 
compressor to surge. 

The refrigerant management system, however, is very 
similar to centrifugal water chillers and is shown in the 
refrigerant cycle diagram below. 

Liquid refrigerant enters the flooded evaporator uniformly 
where it absorbs heat from water flowing through the 
evaporator tubes. The vaporized refrigerant is then drawn 
into the suction port of the compressor where the positive 
displacement compression begins. 

This partially compressed gas is then joined with 
additional gas from the economizer as the rotors rotate 
past the vapor injection port at an intermediate pressure. 
Compressed gaseous refrigerant is then discharged into 
the integral oil separator where oil which is contained in 
the refrigerant vapor, is removed and resumed to the oil 
sump. 

Fully compressed and superheated refrigerant is then 
discharged into the condenser, where water in the 
condenser tubes cools and condenses the refrigerant. A 
portion of liquid refrigerant is tapped passes through the 
first expansion device and into the economizer for further 
subcooling of main liquid refrigerant flow. 

The gaseous refrigerant is then drawn out of the flash 
economizer and into the vapor injection port of the 
compressor. The remaining liquid refrigerant then passes 
through a second expansion device which reduces 
'refrigerant pressure to evaporator levels where it is then 
distributed evenly into the evaporator. 

This delivers outstanding efficiency and total energy 
savings through the utilization of economizer cycle. 
Increases capacity by as much as 12% with only 7% 
extra absorbed power. 
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UNIT FEATURES 
 
 
PART LOAD PERFORMANCE 
Through the use of economizer and multiple compressors, 
Dunham-Bush Water Cooled Screw Flooded Chillers 
some of the best part-load performance characteristics in 
the industry when measured in accordance with AHRI 
Standard 550/590-2011. 

In most cases, actual building system loads are 
significantly less than full load design conditions, therefore 
chillers operate at part load most of the time. 

Dunham-Bush Rotary Screw Water Chillers combine the 
efficient operation of multiple rotary screw compressors 
with economizer and controller control to yield the best 
total energy efficiency and significant operating savings 
under any load. 

When specifying air conditioning equipment, it is important 
to consider the system load characteristics for the building 
application. In a typical city, the air conditioning load will 
vary according to changes in the ambient temperature. 
Weather data compiled over many years will predict the 
number of hours that equipment will operate at various 
load percentages. 

The Air Conditioning and Refrigeration Institute (AHRI) 
has established a system, in AHRI Standard 550/590-
2011, for measuring total chiller performance over full and 
part-load conditions. It defines the Integrated Part-Load 
Value (IPLV) as an excellent method of comparing diverse 
types of equipment on an equal basis. The IPLV is a 
single number estimate of a chiller's power use weighted 
for the number of hours the unit might spend at each part-
load point. IPLV's are based on Standard Rating 
Conditions. 

The formula for calculating an IPLV is: 

 

 

IPLV =  

 

 

 

where: A= kW/ton at 100% load point 
B= kW/ton at 75% load point 
C= kW/ton at 50% load point 

D= kW/ton at 25% load point 

GLYCOL FREEZE PROTECTION 
If the chiller or fluid piping may be exposed to 
temperatures below freezing, glycol protection is 
recommended if the water is not drained. The 
recommended protection is 15°F below the minimum 
ambient temperature in the equipment room and around 
piping. Use only glycol solutions approved for heat 
exchanger duty. DO NOT use automotive anti-freezing. 

If the equipment is being used for applications below 
38°F, glycol should be used to prevent freeze damage. 
The freeze protection level should be 15°F lower than the 
leaving brine temperature. 

Table 1 and 2 are to be used to calculate performance 
and power input with the addition of glycol. Table 3 and 4 
are to be used to calculate performance and power input 
with different fouling factor. 
 
Table 1 : Ethylene Glycol 

% E. G. 
By Weight

Freeze 
Point 

C1 
Capacity 

Factor 

K1 
kW 

Rate 

G1 
Flow 

Factor 

P1 
P.D. 

Factor °F °C 

10 26.2 -3.2 0.995 0.998 1.019 1.050 

15 22.4 -5.3 0.991 0.997 1.030 1.083 

20 17.8 -7.9 0.988 0.996 1.044 1.121 

25 12.6 -10.8 0.984 0.995 1.060 1.170 

30 6.7 -14.1 0.981 0.994 1.077 1.219 

35 0.0 -17.8 0.977 0.992 1.097 1.275 

40 -10.0 -23.3 0.973 0.991 1.116 1.331 

45 -17.5 -27.5 0.968 0.990 1.138 1.398 

50 -28.9 -33.8 0.964 0.989 1.161 1.466 

 
Table 2 : Propylene Glycol 

% P. G. 
By Weight

Freeze 
Point 

C2 
Capacity 

Factor 

K2 
kW 

Rate 

G2 
Flow 

Factor 

P2 
P.D.  

Factor °F °C 

10 26.1 -3.3 0.988 0.994 1.005 1.019 

15 22.8 -5.1 0.984 0.992 1.008 1.031 

20 19.1 -7.2 0.978 0.990 1.010 1.051 

25 14.5 -9.7 0.970 0.988 1.015 1.081 

30 8.9 -12.8 0.962 0.986 1.021 1.120 
 

 
Table 3 : Evaporator Fouling Factor 

Fouling Factor Capacity 
Correction 

Factor 

kW 
Correction 

Factor hr.ft².°F/BTU m².°C/kW 

0.00010 0.018 1.000 1.000 

0.00025 0.044 0.995 0.998 

0.00050 0.088 0.985 0.995 

0.00075 0.132 0.975 0.991 

0.00100 0.176 0.964 0.987 
 

 
Table 4 : Condenser Fouling Factor 

Fouling Factor Capacity 
Correction 

Factor 

kW 
Correction 

Factor hr.ft².°F/BTU m².°C/kW 

0.00025 0.044 1.000 1.000 

0.00050 0.088 0.998 1.007 

0.00075 0.132 0.996 1.010 

0.00100 0.176 0.995 1.014 
 

1 

0.01 + 0.42 + 0.45 + 0.12 
 A B C D 
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OPERATING BENEFITS 
 
 
EFFICIENCY & RELIABILITY  
 
Compressor Experience 

 More than 40 years of rotary screw experience and 
dedicated technological advancements. Compressors 
are UL listed. 

 Simply designed for high reliability with only two 
rotating parts. No gears to fail. 

 Insured continuous oil flow to each compressor 
through integral high efficiency oil separation for each 
compressor. 

 Chillers use multiple rotary screw compressors for fail-
safe reliability and redundancy. 

 
Energy Efficiency 

 Designed to provide the greatest amount of cooling for 
the least kilowatt input over the entire operating range 
of your building. 

 Delivers outstanding efficiency and total energy 
savings through the utilization of economizer and 
controller controlled staging producing greater 
capacity with fewer compressors. 

 Maximized performance through computer matched 
components and multiple compressors on a single 
refrigerant circuit. 

 High efficiency oil recovery system guarantees 
removal of oil carried over in the refrigerant and 
maintains the heat exchangers at their maximum 
efficiency at both full and part load. 

 
Installation Ease 

 Side-by-side evaporator/condenser plus snug 
arrangement of rotary screw compressors result in an 
extremely compact work envelope. 

 Units feature optional split design to allow easy fit 
through any standard commercial doorway. 

 Dramatic payback in reduced maintenance and 
overhaul costs both in down time and in labor 
expenditures. 

 Ease of troubleshooting through controller retention of 
monitored functions. 

 Factory run tested. 
 
Safety Code Compliance: 

 ASME Boiler and Pressure Vessel Code, Section VlIl 
Division 1 "Unfired Pressure Vessels" 

 JKKP code 
 ASME Standard B31.5 Refrigeration Piping 
 ASHRAE Standard 15 Safety Code for Mechanical 

Refrigeration 
 National Electric Code 

 IEEE 
 Optional PED 

 
Refrigerant Compatibility 

 Designed to operate with environmentally safe and 
economically smart HFC-134a with proven efficiency 
and reliability. 

 Consult factory for use with new HFC refrigerants. 
 
Control Flexibility 

 Controller-based with DDC (direct digital control) 
features precise control over every aspect of 
operation with built-in standard features that allow 
extra energy savings on start-up and throughout the 
life of your equipment. 

 Insured uniform compressor loading and optimal 
energy efficiency through controller controls which 
utilize pressure transducers to measure evaporator 
and condenser pressure. 

 Lower energy costs resulting from automatic load 
monitoring and increased accuracy and efficiency in 
compressor staging. 

 Proactive control by controller that anticipates 
problems and takes corrective action before they 
occur. Controls will unload compressor(s) if head or 
suction pressure approach limits. This will enable unit 
to stay on the line while warning operator of potential 
problems. 

 
Computer Performance Ratings 
Dunham-Bush WCFX-E Water Cooled Screw Flooded 
Chillers are available from 70 to 1000 TR [246 to 3517 
kW]. The vast number of combinations of heat 
exchangers, compressors and motors make it impractical 
to publish tabular ratings for each combination. A chiller 
may be custom matched to certain building requirements 
by your Dunham-Bush Sales Representatives utilizing the 
WCFX-E Computer Selection Program. Data which can 
be provided to you will include: 

 Chiller Capacity 
 kW Input 
 Evaporator and Condenser Water 
 Pressure Drop 
 Evaporator and Condenser Tube Water Velocities 
 Motor Electrical Data 
 Part-Load Performance 

Contact our local Dunham-Bush Sales Representative to 
discuss what Custom Solutions Dunham-Bush can offer 
to solve your chiller selection questions. 
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TYPICAL SEQUENCE OF OPERATION 
 
 
The Dunham-Bush Water Cooled Screw Flooded Chiller 
depends mainly on its on-board controller for control. 
Operation described is for a two- compressor unit and is 
very similar for single or three-compressor units. 

For initial start-up, the following conditions must be met: 

 Power supply to unit energized 

 Compressor circuit breakers in the "on" position 

 Control power switch on for at least 15 minutes.  

 Compressor switches on 

 Critical alarm is cleared at display panel 

 Chilled water pump running and chilled water flow 
switch made 

 Leaving chilled water temperature at least 2°F above 
setpoint 

 All safety conditions satisfied 

After all above conditions are met, the controller will call 
for the lead compressor and the condenser water pump 
to start. After a one-minute delay, the first contactor (e.g. 
1 M-1) is energized followed by the second contactor 
(e.g. 1 M-2) after one second time delay. This provides 
reduced inrush stepped start. 

The compressor 15-minute anti-recycle timer is initiated 
at compressor start. 

The controller monitors compressor amps, volts, leaving 
water temperature, and evaporator and condenser 
pressures. The compressor cooling capacity is controlled 
by pulsed signals to load and unload solenoid valves on 
the compressor. When the compressor starts, it is fully 
unloaded, about 25% of its full load capacity. As the 
controller gives it load signals, capacity gradually 
increases. The rate of compressor loading is governed by 
ramp control which is adjustable in the computer. 

The controller responds to leaving chilled water 
temperature and its rate of change which is proportional 
and derivative control. If leaving chilled water temperature 
is within the deadband (+/-0.8°F from setpoint), no load or 
unload commands are given. If chilled water temperature 
is above deadband, the controller will continue loading 
the compressor until a satisfactory rate of decline is 
observed. If leaving chilled water temperature is below 
the deadband, the compressor is commanded to unload. 
Thus the compressor capacity is continuously modulated 

to match applied load and hold leaving chilled water 
temperature at setpoint. 

If the applied load is greater than one compressor can 
handle, it will load fully and then the controller will call for 
a second compressor. After one minute, the second 
compressor will start in the same manner as the first. 
Then both compressors will be commanded to adjust load 
to 50%. They are gradually loaded up together until the 
applied load is satisfied. In this way the two compressors 
share the load equally. 

If the applied load decreases to the point that both 
compressors are running at about 40% capacity, the 
controller shuts down the lag compressor and loads the 
remaining compressor to about 90%. If applied load 
decreases further, the remaining compressor unloads-
proportionally. If applied load decreases to less than the 
minimum capacity of one compressor, the leaving chilled 
water temperature will decline to 2°F below setpoint, at 
which time the lead compressor will shut down. It will 
restart automatically if leaving chilled water temp rises to 
2°F above setpoint and both 15 minute anti-recycle and 
one minute start delay timers are satisfied. 

During operation, the controller monitors the difference 
between condenser and evaporator pressures to insure 
that a minimum of 30 psi differential is available for 
compressor lubrication. If the difference falls below a 
minimum of 30 psi, the controller closes refrigerant flow 
control valves, starving the evaporator, causing 
evaporator pressure to drop, increasing differential 
pressure. This is especially helpful at startup, when warm 
chilled water and cold condensing water would cause a 
low head situation. This feature is called EPCAS: 
Evaporator Pressure Control at Startup. It is one of 
several proactive control features of the controller which 
overcome potential problems while continuing operation. 

Two additional proactive features are low suction and 
high discharge pressure override. If operating pressures 
approach trip level, compressors are unloaded as 
necessary to continue operation. 
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