Aquazone™ Water Source Heat Pump Units

Deluxe D Electronic Controls

Application Data
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GENERAL

Aquazone water source heat pump products are available
with two unit controller options, Complete C and Deluxe D.
Both include standard microprocessor-based technology to
ensure maximum reliability, extensive safety features, control
functions, and diagnogtic abilities. The standard microproces-
sor control option, the Complete C, provides exceptiona
control featuresincluding:

e Lossof charge switch

» High pressure switch

» Water and air coil freeze protection (selectable for water
or anti-freeze)

Lockout safety circuit reset at thermostat or disconnect
LED fault indication

Five-minute anti short cycle

Random start

High and low voltage protection

Condensate overflow protection

Dry contact for alarm

Accessory relay (for control valves, etc.)

High and Low water temperature monitor

Electric heat output controls

50 vatransformer

The functiondity of the standard Complete C unit controller
provides appropriate unit protection and operation to satisfy
most applications. However, some applications may require
additional features to further enhance the operation of the
individua water source heat pump unit or to enable integration
of units into a system control scheme. In these dtuations,
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the Deluxe D control has advanced functionaity beyond the

capabilities of the Complete C, including:

» Boilerless heat control

* Expanded LED display (i.e., separate test, fault, and
status indicators)

» Fan speed control options

» Configurable relays for multiple applications

e Communications port for dua compressor and dave
heat pump applications

e Accepts heat pump (Y, O) or heat/coal (Y, W) thermostat

types
» Accepts heat pump thermostats with O or B reversing
valvelogic
Emergency shutdown input
Night setback feature
Accessory relay options
75 vatransformer
This application data elaborates on the specific features of
the Deluxe D board and how they enhance unit operation to
meet specific requirements (e.g. humidity control, two-stage
operation, accessory control, etc.) or help coordinate tota
water source heat pump system integration (e.g., pump restart
coordination, emergency shutdown, night setback, etc.). The
Deluxe D controls allow many system features to be integrated
without implementing DDC (Direct Digital Control).

APPLICATION

Dehumidification Control — In certain applications
or climates, humidity control can be an essentia part of awater
source heat pump system. To provide a solution for humidity
control on Aquazone units, Carrier has designed specidly
integrated functionality into the Deluxe D control to maintain
room humidity levels. The dehumidification control for
Aquazone units provides a smple and effective option for
small capacity units at arelatively low cost compared to other
drategies, such as hot gas rehedt.

When the Deluxe D unit controller option is specified or
provided with any direct driven Aquazone unit, the controller
automatically changes the fan speed to maintain room humidi-
ty levels. This feature is flexible and can be sdlected to meet
specific room sensible and latent room characterigtics, since the
fan speed can be customized to operate on two of three avail-
able speeds (i.e., low, medium, or high by changing the taps).
The Deluxe D controller will automatically change the fan
speeds based on the humidity input connection located on the
controller (i.e., when used with a humidity sensing device
inside the room).
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To assess the dehumidification moisture removal capability,
consider the following example. The greater the difference
between the indoor evaporator coil temperature and the return
air wet bulb, the greater the ahility the coil has to remove
excess moisture. For a 3-ton 50RHR unit, at different fan
peeds, the performanceis shown in Table 1.

Table 1 — Humidity Removal for 50RHR036
at Various Fan Speeds

LOW MEDIUM HIGH
PERFORMANCE SPEED | SPEED | SPEED
Airflow (CFM) 932 1200 1343
Sensible (MBtuh) 22.6 25.5 271
Latent (MBtuh) 10.5 8.7 7.5
EER 12.7 12.7 12.6
CFM/ton 311 400 448
SHR 0.68 0.75 0.78
LAT (DB/WB) 57.5/55.3 | 60.3/57.8 | 61.3/58.8
Moisture Removed (gr/min) 1216 1043 973
LEGEND
DB — DryBulb
EAT — Entering Air Temperature
EER — Energy Efficiency Ratio
EWT — Entering Water Temperature
LAT — Leaving Air Temperature
MBtuh — Btuh in Thousands
SHR — Sensible Heat Ratio
wB — Wet Bulb
NOTES:

1. EAT = 80DB/67WB.
2. EWT = 3 gpm/ton.

As the example demongtrates, reducing the fan speed from
Medium to Low, or from High to Low speed results in the
following:

» Higher latent capacity removal.

» Slightly higher efficiency.

e 25% more moisture removal in low speed vs. high
speed.

e 17% more moisture removal in low speed vs. medium
speed.

Some additiond system benefits for operation using fan
speed control include:

» Reduced sound levels at lower fan speeds.

» Increased filter performance at lower fan speeds.

» Ability to operate and select two fan speeds that closely
match room sensible and latent heat pick-up.

Fig. 1 illustrates dehumidification operation for a directly
driven Aquazone™ unit. In combination with unit wiring, the
Deluxe D DIP switch 7 on bank S2 must be turned to the “ ON”
position.

The sequence of operation for this feature is as follows.
When the Deluxe D board is provided, the normal operation of
this unit controller (i.e., without usng the dehumidification
feature) has the ability to control two stages of cooling opera-
tion (i.e,, Y1 and Y2). Refer to page 3 for an explanation of
two-stage operation. In two stage operation, the 3-speed PCS
blower is only connected to two speeds at any one time
(i.e, Med and High, Med and Low, Low and High). Under
norma operation using the Deluxe D board, on a cal for Y1,
the lower of the two speeds connected will operate, and on a
cal for Y2 the higher of the two speeds connected will operate.

When the H input is used on the Deluxe D board, and the
DIP switch 7 on block S2 isturned on to operate in dehumidifi-
cation fan speed mode, if there is a call for the Y2 stage, the
lower fan speed connected will not switch to the higher speed
in order to reduce and satisfy the H input humidity level (i.e., as

opposed to switching to the higher speed as described above
for normal operation of the Deluxe D board). If the H input is
sdtisfied, the Y 2 will operate normally and switch to the higher
speed. The unit will not overcool the room since it will turn off
when the space temperatureis satisfied.

Electric Reheat Operation — Ancther approach to
humidity control for Aquazone water source heat pumpsis to
use the Deluxe D control board to maintain humidity levels
with electric reheat. The advantage of this method is that an
electric duct heater can be sized to match the exact amount of
sensible heat addition required to reduce the relative humidity.

See Fig. 2 for Deluxe D dectric reheat operation wiring. In
order to use the Deluxe D board in this manner, the Deluxe D
board switches must be configured asfollows:

1. Bank S2, switch 1 = off.
2. Bank S2, switch 2 = on.
3. Bank S2, switch 3 = off for cooling with reheat mode.

Under normal operation, this will operate the water source
heat pump unit asfollows:

1. Standard cooling: Y1 and O inputs will turn on the
compressor, reversing valve and fan.

2. Standard heating: Y 1 input will turn on the compressor
and fan.

The Accessory Relay no. 1 (ACC1) should be used as the
electric heat output. Thisis a pilot duty relay, which is a dry
contact. Simply connect this to the low voltage input of the
externd eectric heater to turn it on and off.

The Deluxe D control will provide just reheat or both
cooling and reheat together. The H input should be connected
to the humidistat, or whatever device is communicating that the
humidity is too high. Thisisa 24 vac input just like all of the
thermostat inputs (Y1, Y2, O, etc.). For reheat based on a
humidity call only, the humidistat and the H input will turn on
the compressor, reversing valve, fan, and accessory relay no. 1
(ACC1). For both cooling with reheat, H, Y1, and O inputswill
turn on the compressor, reversing valve, fan, and accessory
relay no. 1. For standard Hegting (reheat disabled), H and Y1
inputs will turn on compressor and fan.
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Fig. 1 — Dehumidification Operation
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Fig. 2 — Electric Reheat

Emergency Shutdown — In some applications, it may
be desirable to shut down al of the individua water source
heat pumps. For example, in afire darm situation. The Deluxe
D controller includes a built in emergency shutdown input
(ESD) that will shut the Aquazone™ unit down when an
externd control signal is connected. Individua Aquazone units
can be “daisy chained” together to al shut down in an emer-
gency stuation. See Fig. 3 for wiring the Deluxe D controller
to operate for emergency shutdown operation. When the ESD
input is connected to the ground terminal C, al thermostat
inputs will be ignored and all outputs will be turned off. There
isabuilt in random start timer when individual units turn back
on from ESD mode.

Circulation Pump Control (Pump Restart) — In
atypica water source heat pump system, the centralized circu-
lation pumps that deliver water to all theindividud unitsarein
a congtant flow operation. However, when al of the water
source heat pump units are not operating, it may be desirableto
shut down the main circulation pumps to help save energy
associated with pump operation. The Deluxe D controller can
accommodate this operation with the pump restart feature
using accessory relay 2. See Fig. 4 for wiring pump restart
operation and the location of the accessory 2 relay. Similar to
emergency shut down wiring, individual Aquazone units are
connected together in a daisy chain arrangement and coupled
with the operation of the main circulation pumps for the
system. The COM terminal is used to communicate externa
dgnals to subsequent Deluxe D controllers. In order to config-
ure the Deluxe D board in this type of arrangement the switch
settings must be configured as follows:

1. Bank S2, switch4 =on
2. Bank S2, switch5=o0n
3. Bank S2, switch6=o0n

Two-Stage Operation (Fan Staging) — Capacity con-
trol for Aquazone units can be implemented by usng the
two-stage operation capability of the Deluxe D control to adjust
to room conditions. The built in microprocessor logic of the
Deluxe D board will automatically adjust the fan speed for
direct driven units to provide capacity control of the unit. This
feature can beimplemented by using atwo-stage thermostat that
includes both Y1 and Y2 cdls for cooling. The Aquazone
unit will be shipped from the factory on two fan speeds.

Performance of the unit can be selected to operate on any
two-fan speedsto meet the actual room heat rise. Fan speeds can
be switched in the field to any combination of two speeds
(i.e., medium and high, low and medium, and low and high) by
smply changing the taps. The sequence of operation will
include the initiation of the lower speed connected on an Y1
thermogtat cal. If the unit cannot maintain the temperature
levelsin the room, the thermostat will send a'Y 2 cdl to the unit,
which will automatically upstage the fan speed to the next
highest level. For example, if the unit wasinitidly operating on
medium speed and the unit cannot maintain room temperature,
the unit will automatically switch to high fan speed. See Fig. 5
for two-stage wiring diagram operation.

Boilerless Operation — Depending on the water source
heat pump system design and climate for application, a boiler
for heat addition may not be required or desired. In sysems
that are not designed with a boiler, Aquazone units can accom-
modate boilerless operation where electric resistance heating is
automatically controlled when the water temperature is below
50 F (i.e, typicaly the temperature when boiler operation
would be required to add heat to the system water loop).

In boilerless mode, only the compressor is used for heating
mode when the FP1 sensor is above the temperature specified
by the setting of switch 8 on bank SL1. If this switch is set for
50 F, then the compressor is used for heating aslong as FP1 is
above 50 F. Below 50 F, the compressor is not used and the
control goes into Emergency Heat mode, where outputs EH1
and EH2 are initiated to control an eectric duct mounted
heater. If a thermal switch is being used in place of the HP1
thermistor, then only the compressor will be used for heating
mode when the FP1 terminals are closed. If the HP1 terminals
are open, then the compressor is not used and the control goes
into Emergency Heat mode.
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Fig. 3 — Emergency Shutdown
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Fig. 5 — Two-Stage Operation

Night Setback with Override — When an externa
timeclock is used to schedule the operation of multiple
Aquazone™ water source heat pumps units (i.e., for night
sethack operation), the Deluxe D board can be used to handle a
grounded signd. Fig. 6 illustrates the wiring for night setback
(NSB) with the Deluxe D board to accomplish this task. In
order to use the Deluxe D board in this manner, first the Deluxe
D board switches mugt be configured asfollows:

1. Bank S2, switch 1 = off
2. Bank S2, switch2=o0n
3. Bank S2, switch 3 = on for NSB operation.

The timeclock is programmed to schedule the units for the
desired night setback operation and distributesasignal to severd
Aquazone units. Individual Aquazone units are “daisy chained”
together utilizing the NSB input into the Deluxe D board. The
signal from thetimeclock is used to initiate the accessory 1 rdlay
to provide asignd to the thermostat. Some thermogtats, such as
the Aquazone 50QE900-250FS, contain a dry contact that is
normally open. When the accessory rdlay 1 signd closes or
completesthe circuit, the thermostat will enter occupied 1 mode.
If the thermostat has an isolated type dry contact, the Deluxe D
board would not be required for isolating the grounded signd
from the time clock. The maximum number of Deluxe D board
controls that can be “daisy chained” together is 75. The maxi-
mum total wire resistance of the NSB wiring is 500 ohms.

Relay Operation for Accessories — The Deluxe D
control includes two individual accessory relay outputsthat can
be specifically configured to control the operation of different
accessories. In general, the two accessory relays can be config-
ured in the following manner:

1. Cyclewith Fan — If one of the two accessory relaysis
configured to cycle with the operation of the fan, the
accessory relay will be on any time the fan enable
relay ison.

2. Cycle with Compressor — If one of the two accessory
relays is configured to cycle with the operation of the
compressor, the accessory relay will be on any time the
compressor relay ison.

There are certain accessories that may require the configura:
tion of the accessory relays for either one of these modes.
WATER CONTROL VALVE OPERATION — In variable
speed pump applications or for open loop type system arrange-
ments, atwo-way control valve may be required at each water
source heat pump unit. The control valve is usualy required to
open and close when the unit compressor turns on and off.
However, it is desirable to have the water control valve turn on
first such that water flow has been established through the unit
before the compressor isturned on. Accessory relay 1 or 2 can
be configured in this manner to open the control vave and
delay the initiation of the compressor. If an accessory relay
is configured for a water valve (i.e, a dow opening type is
usually recommended) the accessory relay will turn on 60 sec-
onds prior to the compressor relay turning on. To use the
Aquazone Deluxe D board in conjunction with a slow opening
water control valve, the switch settings must be configured as
followsfor accessory relay 1 or 2:

Accessory Relay 1:
1. Bank S2, switch 1 =on
2. Bank S2, switch2 =o0n
3. Bank S2, switch3 =o0n
Accessory Relay 2:
1. Bank S2, switch1=on
2. Bank S2, switch2 =on
3. Bank S2, switch3 =o0n

Fig. 7 illustrates a wiring diagram for the utilization of
accessory relay 1 to control aslow opening water valve.
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Fig. 7 — Accessory Relay Wiring

OUTSIDE AIR DAMPER OPERATION — When outside
air is directly ducted to each Aquazone™ water source hest
pump unit, one of the accessory relays can be used to open and
close aloca outside air damper. The accessory relay will turn
on any timethe fan enable relay ison. Using an accessory relay
to control a two-position damper is flexible for morning
gtart-up, when indoor conditioning is desired without temper-
ing outdoor air. This feature is used in conjunction with the
NSB input to accommodate the operation of multiple units that
are connected together with a“daisy chain” arrangement. Fol-
lowing areturn from the NSB (i.e., the NSB input is no longer
connected to ground C), to normal operation, the accessory

relay will not turn on for 30 minutes even if the fan enable
relay is on. This type of operation may be desirable to
condition the space to dedred levels in the morning, when
space loads are at a maximum (i.e., since units have been
turned off at night-time to conserve energy) without having to
also condition outdoor air (i.e., since occupancy loads will be
minima in the early morning). After the 30-minute timer
expires, the accessory relay will turn on if the fan enable relay
ison.

To use the Agquazone Deluxe D board in conjunction with a
outside air damper, the switch settings must be configured as
followsfor accessory relay 1 or 2;

Accessory Relay 1.
1. Bank S2, switch1=on
2. Bank S2, switch2 =on
3. Bank S2, switch 3 = off
Accessory Relay 2:
1. Bank S2, switch 1 =on
2. Bank S2, switch2 =on
3. Bank S2, switch 3 = off

Fig. 8 illugtrates a wiring diagram for the use of accessory
relay 2 to control an outside air damper.

Night Low Limit Protection — Functiondity is built
into the Deluxe D controller to accommodate night low limit
protection, which is specifically intended for Aquazone
console water source heat pump units. An application where
this feature might be used is in a hotel/motel building. When a
room is not occupied for short or long extended periods of time
(e.g. in between guests) a unit may not be required to provide
heating or cooling. In these situations, night low limit protec-
tion ensures that the room will not get cold. All Aquazone
console units that are provided with the Deluxe D control will
include a standard night low limit switch in the air return to the
unit that is set for 55 F. When the temperature in the room (i.e.,
or in the return of the unit) decreases below this limit, the unit
heating will turn on. See Fig. 9 for night low limit wiring and
application.
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If the NSB input is connected to ground C, then asigna at
OVR is recognized as a call for heating. Also, inputs Y1,
O/W2, and G are ignored during the time when NSB is
connected to C. Accessory relays 1 and 2 cannot be configured
asdigital NSB.

Compressor Shutdown (Load Shedding) — In
some applications, the local utility or other entity may desireto
shut down several unitsin order to shed electrical load from the
system grid. In thisinstance, the Deluxe D controller can be set
up to shut down multiple unitsto reduce electrical consumption
during peak times. Switches must be set asfollows:

1. Bank S2, switch1=on
2. Bank S2, switch2=o0n
3. Bank S2, switch3=o0n

With this configuration, accessory relay 1 will open when
the NSB input is connected to ground C. See Fig. 10 for wiring
in this type of application.
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