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TROUBLESHOOTING TYPICAL HEAT PUMP SYSTEMS

THE WATER-TO-AIR HEAT

NOTE:  THIS MeNUAL 7O BE

THE BASIC PRINCIPLE

In its approach to basic familiarity with heat pump
design, application, and installation, the beginning
text of this course noted its limitation generally to
"Air-To-Air Systems" since they were in the majority
and therefore the type the learner would be called
upon to design, apply, install or service most fre-
gquently.

There is, however, another type of system which,

while not gcnerally as popular as the air-to-air heat
pump, has more recently beccme more widely used in the
more temperate sections of North America. This is the
"Water-To-AiT System".

The basic principle of operation of this system is
that hcat is rejected to the water from the air to be
conditicned (COOLED) on the cooling cycle and heat is
gained from the water by the air to be conditioned
[HEATED) on the heating cycle. De-humidification is
achieved in the usual manner on the cooling cyele by
removal ol moisture from the air in the form of con-
densate, The medium of heat transference is the
refrigerant. Basic compenents used in the system arce
the compressor and a ceo-axial heat exchanger. As
with the air-to-air system, the transfer from cooling
to heating mode and visa-versa is accomplished by
means of a reversing valve.

The application area for this type system is for
heating and cooling residential structures wherc
there is an adequate supply of wiuter above 45°T
and a mcthod of disposal ol used water is available.

A typical "Water-To-Air" heat pump, and the one to

be used as an example in this lesson, is the Bard
High Efficiency Water Source Heat Pumps. This
typical unit, the cooling and heating cycles of which
are pictured in Figure 13, incorporates the conven-
tional high and low pressure controls.

1f the system cuts off on one of the pressure controls
due to a known reason or power failure, the controls
can be reset by turning the thermostat control switch
to VOFF", waiting a few minutes for system pressures
to equalize, and then turning the thermostat control
switch to either "COOL" or "HEAT" as the occasion
warrants. This system can also be reactivated after

a stoppage as noted, by turning the main power supply
to the system off and then on again alter the re-
commended waiting period for pressure cgualization.

GROUND WATER HEAT PUMP ELECTRICAL CONTROLS]

Understanding water source heat pump controls is an
essential elcment in the overall understanding of heat
pump installations, start-up and troubleshooting. Just
as the contractor must become familiar with pump and
water system controls to do an effective job, knowledge
of how ground water heat pump controls operate helps
make the installation a success.

Heut pump controls may be classified in two major
groups: electrical and refrigeration. Electrical
controls are of initial interest to the installer since
they more frequently interface with the balance of the
water system and other contractor-installed items. In
general, ground water heat pump centrols operate in a
sinple, straightforward manner. This section explains
individual control components and how they are put to-
gether te form control systems. The contracter,
however, must familiarize himself with the specifics
relating to his line of ground water heat pumps.

Heat pump clectrical systems are grouped into two

major categories: line voltage systems and low voltage
systems. "'Low voltage'" is also sometimes referred to
as "control voltage." Low voltage is generally used
for most of the control functions, especially those
that are coupled to devices outside the machine (see
Figure 1}.

1Fred Jaeger, '"Ground Water Heat Pump Electrical
Controls,”" Ground Water Heat Pump Journal, Summer 1981.
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Some of the specific control functicns, Rowever, may slide
from the Iine voltage side to the low voltage side or vice
versa, depending on the manufacturer.

When low voltage (generally 24 VAC) is used to contrcl
heating and air conditioning equipment, the control com-
ponents can be of a lighter duty and the interconnecting
wiring between devices can be made using less expensive
materials and wiring metheds. There is, however, a strict
set of rules that a manufacturer must adhere to when pro-
viding a low voltage control system. In order to classify
as an NEC (National Electrical Code) Class II control
system, the voltage must be 30 volts or less and the power
must be limited to 75 VA (volt-amperes). Tho manufacturer
must provide some means to cnsure that upen an overload

or short-circuit,this power level will not be exceeded.
This can be accomplished by providing a fuse or a circuit
breaker or by use of an "energy-limiting" transformer. If
these rules are met by the manufacturer, the contractor
then has a Class II electrical system that he may connect
in a very fast and economical manner. WNote, however,
there is a built-in limitation as to the total power
allowed in this contrel system. Only small control loads
such as magnetic contactor coils, relay coils solencid valve
coils, etc., are allowed. As we will see later, these
smaller loads are then used to control larger line voltage
loads inside the heat pump. Seventy-[ive VA translates
into a maximum curtent of 3.2 amps at 24 VAC. Thus, the
total current that can be used at any time by the control
cemponents cannot exceed 3.2 amps. It should be noted
that 75 VA is the maximum that can be provided. If a
fewer number of control components are nermally associated
with a manufacturer's picce of equipment, typically, a
lesser amount of centrol power will be made available.
Forty VA is another popular power level. 1In this case, a
maximum of 1.6 amps of control power can be used, limited
by the sizc of the control voltage transformer uscd.

Power Line Voltage
Control \L
Yoltage
Heat Pump
Demand Compressor &
Control: iy
Sensing j— ontrot Blower
External Internal
Cantrol Control
Components, Components

Figure 1. The roll of controf voltage and line voltage.

The "demand control'" which is, in most cases, the room
thermostat, is normally a low voltage device. Modern
thcrmostats are actually rather complex devices. These
complexities are renuired in order to get the thermostat

to respond correctly to changes in room conditions.
However, the end result of all this is to complete a
current path (like closing the switch), telling the heat
pump to come on (see Figure 2). In simple terms, it can
be thought of as a switch that opens and closes in respense
to temperature.

Oo—

T.A.S.

Figure 2. One symbol.for a
thermostat. T.A.S. stands for
“Temperature Actuated
Switch.”
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fhe low voltage thermostat signal can be used to control The low voltage control power required to operate these

large electrical loads such as compressors and blowers devices is provided by a small transformer which takes
by way of a magnetic contactor, The contactor keeps the the available line voltage and converts it te low voltage
low voltage and high voltage circuits completely separ- (generally 24 VAC) for use in the control system.

ate and isolated from each other. They are coupled to

one another by way of magnetic or mechanical action. See

In a simple contactor, the control current travels Lot

through a magnetic coil which attracts a movable armature ?:?WL‘ Huuang

carrying contact points connected to a line voltage Core EE ol o

circuit. When the armature is "pulled in,"” this inde- Tube ~ o ot

pendent set of contacts completes a separate line volt- e, —— Draphrswm

age circuit running to the lead. It is in this manner . ety

that low power signals are used to control high power Lare Plon Gutice:

loads. Tigure 3 is a symbolic representation of a mag- -

netic contactor. Nete that the terminals to the ceil Inket Outhet

are scparate from the terminals to the contact points.
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figure 3, Symbol for a mag-
netic contactor.

figure 6. Cut-away view of

A contrel relay operates much the same as a contactor, a pilot-operated solenaid valve.

but is used to control other low power leads that are
either low voltage or high voltage. Additionally, the
switched side of a control relay can have several
"poles" or separate circuits that can control different | r__r:::::>
devices. These poles are actuated simultanecusly from

the same signal to the relay's ceil.

peles, or separate controlled circuits. The contact
pairs that are illustrated with diagonal lines through I—

them are "normally closed" contacts and open or break

Figure 4 depicts a control relay with a coil and two l
the circuit when the coil is energized. _::]

—
T

Figure 7. A reversing valve.

Figure 8 is the symbolic representation of a control
transformer. Since the control power must be available at
all times and the standby power consumed by the transformer
. > 1 it ins - > -

Figure 4. Symbol for a control ;;esgza%,pimpremalns energized anytime there is power to
relay. :

Pressure switches are control components that provide a

simple switching action, i.e., make or break a control

signal in response to refrigerant pressure. A pressure

switch is shown symbolically in Figure 5. A ground Line
water heat pump will nermally have a high pressure and voltage
a low pressure cut-out switch.

O I C Figure 8 Symbol for a

Control
Voltage

transformer.
Figure 5. Symbol for a pres-
sure switch. . .
What remains 1Is to put all these contrel components to-
gether in such a way that the desired events take place at
When valves must be opened or closed as part of the heat the right time. This is most easily explained by using a
pump control scheme, low poweTr solenoid coils are used. "ladder diagram" which is a control logic rTepresentation
Just as a low power signal is used to control a large of a wiring diagram. We have seen how a thermostat, when
electrical load in a contactor, walves generally encoun- it closes, cTeates a "demand" signal that can be used to
tered in ground water heat pumps use a lower power signal opeTate a compressor contactor or control relay. There
to control the relatively large mechanical force re- may be reasons to ignore this signal, interrupt it after
quired to actuate the valve. This is done through a the lcad has started or route it somewhere elsc. Tigure §
"'pilot operator." The solenoid coil actuates a small 1in- shows a "rung' on a ladder diagram.

ternal valve which then allows the pressure of the fluid

ahead of the valve to actually force the valve open. A

solenoid capable of providing sufficient force to move

the valve stem directly (as in a “direct-acting" valve) MVAC

would require many times the power. Figures 6 and 7

show two pilot operated valves: a water valve and a

refrigerant reversing valve. The reversing valve actually

directs two separate flow streams to different locations.

Hence the pilot valve and main valve are configured

differently than in a water wvalve. The same principle

applies, however: a small contrecl signal causes a larger

force to open or change the position of a valve by taking Fi 5 “R ’e Jadd

advantage of the fluid pressure difference in the system, dﬁ;:gm‘ vk on afaader
! 3



The voltage to be controlled comprises the side members
of the ladder. In this cxample, a temperature-actuated
switch, a pressure switch and a normally closed sct of
contacts of a contrel relay are placed In series with a
contactor copil. A1l three of the devices ahead of the
coil mist be closed befere the coil will encrgize.
Additionally, il any one of them opens after the coil
has heen energized, the circuit will be broken and the
coil will de-cnergize. It is in this manner that control
signals are properly manipulated inside the heat pump.
Note that the intent of the ladder diagram is to show
the logical sequence of operation and not to depict the
physical relationship between components. The shart
wire between the tcmperature switch and pressure switch
on the diagram may in fact be many feet long with the
components located far from one another.

It is easy to see how several '"rungs' may bhe stacked and
interconnected to perform a multitude of functions. Xo
matter how complex the system (and ground water heat
pump controls are not very complex), a simple logical
procedure can be uscd to interpret the control sequence.
Figure 10 is an example of a complete ladder diagram.

115 VACo—Pp
CR2 Valve
L 4
Mator 1

Contactor 1

(M)

1
I
l Contactor 2 M%t_o{z I
_A_A_AS

Sol Valve

SComacmr 2

Contacior 1

Figure 10. Example of a ladder
diagram.

Note that the components below the transformer op-
crate at 24 VAC while the compencnts above operate
at line voltage, in this case 115 VAC. A single de-
vice, control relay two, ({labeled "CRZ" in thc
diagram} has its coil in one rung of the ladder. One
set of its contacts operates on another rung in the
low voltage side, while another set of its contacts
operates on the line voltage side. When this coil
becomes energized, both contactor one and the 115 VAC
valve will actuate (refer to Figure 10). By con-
tinuing this analysis of the unit's ladder diagram,
the scquence of operation can be fully understood.

On many applications, components external to the heat
pump need to be controlled. These may include water
pumps, suppiemental electric heaters, valves, etc.

The way these external devices arc controlled is also
indicated on the ladder diagram. Figure 11 illustrates

a situation where the heat pump, the supplcmental elec-
tric heaters and the water pump all receive their main
power from separate circuits. This power is controlled,
however, by lew voltage control signals from the heat
Dunp.

Line voltage controls are sometimes used inside the
machine for a few of the control functions. Conse-
quently, the contractor must be aware of which centrol
devices are operating at line voltage and which are
operating at low voltuge. Again, this information will
be rontained on the unit's ladder diagram. When in-
stalling or troubleshooting a heat pump, it is obvious
that a ladder diagram is of extreme value. Voltages may
be checked at various points to determine what device is
closed or open ana where the problem may be. In that
ground water heat pumps are all controlled a bit differ-
ently, it is more important that the contractor be
familiar with the manuals and wiring diagrams associated
with his particular equipment.

]Fred Jaeger, "Ground Water Heat Pump Refrigerant
Controls,” OGround Water Heat Pump Journal, Fall 1981,

Understanding heat pump controls and wiring diagrams is
important from a safety standpoint as well. A particular
coil that operated at 24 VAC in one unit may operate at
230 VAC in another. This could come as quite a shock to
the service man who thought he could replace that cecil
without disconnecting the power. Additional training in
this area is available through your distributor, the
manufacturer or organizations like the Refrigeration
Service Engincers' Society (RSES). The serious contractor
or service man will also carry the proper tools and equip-
ment necessary to test or troubleshoot heat pump controls.
As a minimum, they include such things as a multimeter
(capable of measuring veltage, current and resistance),
jumpers, terminals, a crimping tool and spare replacement
parts. A good quality multimeter is the control systen's
equivalent of refrigeration service gauges. You can't go
very far Into the diagnosis of a contrel system without omne,

Hlectric
Qutdoor Indoor H?al
Thermostat Thermostat | {Optional)
| “ Power
Heat
Pump
Tol water
well| Pump Power @ﬂ.
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I L

L Heat Pump Controk

Figure 11. External devices controlled from the heat pump.

As you already know, therc is no substitute for experience
and training. The principles discussed herein are basic
and provide a starting point. A firm understanding of

the control svstem you are working with will rcduce the
unknowns and risk factors asscciated with your heat pump
installations.

1
GROUND WATER HEAT PUMP REFRIGERANT CONTROLS

We discussed electrical controls in ground water heat pumps
and the importance of the contractor understanding their
operation. Installation, proper cquipment opecration and
troubleshooting benefit from this type of understanding.
Now we will discuss refrigerant controls in ground water
heat pumps. Refrigerant contreols are probably of less
initial interest to the installing contractor, since they
are gencrally self-contained in the unit, preadjusted and
do nmot require interconnections to other contractor-
installed items. However, the contractor should have a
sound understanding of the machine he is sclling, including
the refrigerant controls. Additionally, when it hccomes
neccssary to trouhleshoot the unit, or when adjustments

are requircd, an understanding of the refriperant controls
is essential.

By virtue of cquipment design, all ground water heat pumps
operate a bit differently. Training schools given by the
manufacturers or their distributors are gencrally used to
familiarize the contractors with the specific characteris-
tics ol their cquipment. Also, organizaticns, such as

the "Refrigeration Service Engineers Socliety" (RSES), with
chapters nationwide, offer cxtensive training in heal pumps
and other equipment. This section will overview the

common refrigerant controls of ground water hecat punps.

Heat pumps operuating in cither the heating or cooling mode
have baszically a high pressure side and a luw pressure side
of the svstem (scec Figure 13). It
that allews the refrigerant to transfer heat by evaporating
and condensing at different temperature levels. The
component that increases the refrigerant pressure is the
compressor. The component that drops the refrigerant
pressure is the expansion device., This continual process
of raising then lowering the refrigerant pressurc while
expclling and abserbing heat, respectively, is the key to
the relriperation cyvcle that heats and cools rhe structure.

is this change in pressure
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The expansion device is clearly one of the important
refrigerant controls. Ahead of the device there is
high pressure liquid relrigerant. When passing through
the expansion device, the pressure of the ligquid is
drastically rcduced, allowing it to Boil! (evaporate) at
a low temperature, extracting heat from the source. The
heat source is water when the machine is heating and
room air when the machine is ceoeling. The heat ex-
changer into which the refrigerant 1s evaporating be-
comes part of the "low pressure” side of the system.

There arc several types of expansion devices commonly
used in ground water heat pumps. The type used depends
on the manufacturer of the equipment and the intended
applicaticen. The capillary tube is one such cxpansion
device. A capillary tube is a length of small-diamcter
tubing manufactured with its intermal diamcter held to
very close tolerances (see Figure 14}, It functions
like an orifice (i.e., a small-diameter opening), but
is designed like an "elongated orifice' so that its
characteristics can be acgurately reproduced. Often,
several individual capillary tubes will be bunched
together (in parallel) to achicve the required re-
frigerant flow rate. Since it is a fixed device with
no moving parts, it gives reliable operation providing
the internal passages are kept completely [ree of
forecign matter. A capillary tube expansion system has
a fixed effective orifice size, determined by the
length, diamcter and number of capillary tubes. There-
fore, there is generally one optimum operating point
(the design condition) for which this selection has
been made. For operating conditions significantly re-
moved from the desigu conditions, performance of the
expansion system will be less than optimal. Many
ground watcr hcat pump installations operate under
relatively fixed cenditions of constant water tempera-
ture and return air temperature, where a capillary tube
expansion device gives suitable performance. The
installer should be aware of off-design conditions,
however, such as start-up in a cold building. Here
condensing pressure in the unit would be abnormally
In such a case, the heat pump may cycle off because
there is insufficient pressure drop across the capillary
tubes to create the required refriperant flow rate. Also,
a capillary tube system is gencrally very sensitive to
the amount of rvefriperant charge in the system. Too
much, and the condensing pressure can become abnormally
high. A shortage of refrigerant allows vapor to enter
the capillary tubes [(instead of liquid) causing a loss

in capacity.

the
low.

TFigure 14. {coiled up).

Capillary Tube

of expansion device
Unlike capillary

Expansion valves are another type
found in ground water heat pumps.
tubes, the effective opening size changes in response

to conditions in the evaporator. The most common type

of expansion walve in use today is called a "thermo-
static expansion valve,”" or T.E.V. (see Figure 15). The
purpose of this valve is to maintain a constant refrig-
erant superheat at the evaporator ocutlet. ''Superheat”

is the number of degrees of temperature that a gas is
heated above its evaporating temperature at a given
pressure., The T.E.V., is generally set to give 8 to 12°F.
of superheat at the evaporator outlet in order to insure
that all the refrigerant has evaporated, Changes in the
unit's operating conditions can be sensed by a change in
superheat at the evaporator. The T.E.V. then opens, or
closes slightly, allowing more, or less, refrigerant to
pass through maintaining a constant superheat, In
general, T.E.V.s can accommodate a wider range of opera-
ting conditions {such as varying water temperatures and
return air temperatures) than other expansion devices.
The effective orifice size automatically changes in re-
sponsc to these changing conditions. Tor the valve to
determine what the superheat actually is, it must measure
the temperature and pressure of the refrigerant gas leav-
ing the evaporator. Therefure, you will find a pressure
tap and a temperature sensing bulb running from the
evaporator outlet to the valve. The temperature sensing
bulb is a sealed unit, filled with a fluid that changes
its pressure in response tu temperature. The valve 1is
purely mechanical in operaiion., The sensing bulb and

evaporator outlet pressures crcate forces of an internal
valve stem that determines the position of the valve pin
in relation to its seat. It is in this manner thut the

optimum refrigerant flew rate is determined in response

to tie operating conditions imposed on the unit.

Figure 15. Thermostat Expansion Valve

[cut-away view}

Other refrigerant controls typically found in ground water
heat pumps include some active and passive components used
to dircct the flow of refrigerant, contain it, or provide

a safety sipnal to stop the machine if something goes wrong.

Heat pumps that perlorm both heating and cooling functions
contain a reversing valve that directs the flow of high
pressurc and low pressure gas to and from the proper com-
ponents (see Figure 16). The high pressure gas exiting

the compressor must be routed to the condenser, which is the

refrigerant-to-air heat exchanger in the heating mode or

the refrigerant-to-water heat exchanger in the cooling mode.

Likewise, in order to create a4 low pressure side in the

system, the gas from thc heat cxchanger which is evaporating

the refrigerant must be directed to compressor inlet orT
“"suction." The rteversing valve simultanegusly dirccts the
flow of the high pressure and low pressure gasses to the
proper heat exchangers when it receives a signal from the
electrical control system. Reversing valves are "pilot
operated" valves, utilizing the difference in refrigerant
pressures in the system to move the internal valve shuttle,
A small, solenoid-operated pilot valve allows high pressure
gas to enter onc end of the shuttle while venting the
opposite end of the shuttle to the suction side ol the
system. The resulting unbalanced [orce on the shuttle
moves it to its new position. Since the operation of the
valve requires high and low pressurcs to be present, the
main shuttle will not move unless the compressor is opera-
ting.

Figure 16.

Reversing Valve.

Refrigerant check valves are used in scme systems and
function in a similar fashion as check valves in &
water system; they allow refrigerant to pass in one
direction only. A common type consists of a ball and
seat, contained in a copper tube (see Figure 17). On
reversing-type heat pumps, one would normally find a
check valve placced around an expansion valve allowing
refrigerant to bypass the valve when the heat exchanger

is acting as a condenser rather than an evaporator. When
the flow is reversed, requiring the refrigerant to
evaporate in the heat exchanger instead of condense, the

check valve closes, forcing the refrigerant through the

expansion valve.

A '"liquid receiver tank'" is a passive compenent found

in some systems and is used to store excess refrigerant
as the machine operates in different modes, or as the
conditions vary in any onec mode {(such as a change in
water temperature). Also, it serves to “drain™ the
condenser, such that condensed liquid does not take up
heat exchanger surface better used for condensing the
high pressure gas. The liquid receiver tank is placed

on the system between the condenser outlet and the ex-
nansion device. In that position it also helps to insure
that the expansion device will be supplied with straight
liquid, as oppesed to a vapor/liguid mixture, which would
decrease the heat pump's capacity.

N
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Figure 17. Refrigerant Check Valve

Some heat pumps have a "suction line accumulator™ placed
just ahead of the compressor inlet. This is also a
passive device that intercepts and holds liquid refrig-
erant that may be in the suction line on its way to the
compressor (sce Figure 18)}. Compressors deo not think
kindly of liguid refrigerant, sincc they are designed
specifically to accept and c¢ompress vapor only. The
circumstances under which liquid may be in the suction
line include start-up, system overcharging, sudden
reversal of the unit, or a component failure (like the
blower stopping when the unit 1is cooling). The suction
line accumulator is a simple control device that does a
very cffective job in protecting the compressor against
the harmful effects of liquid refrigerant.

It is guite common to find a filter/drier in the re-
frigerant system. The filter/drier can be either in the
liquid line or the suction gas line. Figure 19 shows a
liquid line filter/drier. It is very important to keep
the refrigerant system frce of contaminants for the sake
of both proper operaticn and long unit life. The con-
taminants that can be introduced into the system, if

it is opened for service, are most likely air and moisture.
Air can only be removed by proper evacuation tcchniques
after the system is once again sealed up. Ideally, any
moisture is also remeved during the evacuation process,
However, it is rare that evacuation in the [ield can be as
complete or thorough as factory evacuation. The filter/
drier contains a desiccant that removes residual molsture
that may remain after field evacuation. Since it is a
filter as well as a dryer, it will also capture and re-
tain minute particles that may be traveling around with
the refrigerant. This does not, however, give license

to the serviceman to be sloppy and introduce particulates
[copper shavings, dirt, etc.} into the system. They may
have toc travel somc distance in the system before reach-
ing the filter, having plenty ol opportunity to get
stuck along the way.

Figure 18. Suction Line Accumulator,

Figure 19. Liquid Line Filter-Drier.

There are a few additional devices that bear discussion
which ate not refrigerant control devices in the strict
sense, but utilize refrigerant pressure or temperature
te control other things. Pressure actuated switches are
commonly used to stop the compresscr when some abnormal
condition is detected. When the lew pressure switch opens,
indicating a decrcase in refrigerant pressure on the low
pressure {suction) side of the system, it could indicate
a loss of the heat source to the evaporator, or a block-
age of the expansion device. When the high pressure
switch opens, it may indicate a loss of the heat sink to
the tefrigerant condenser, or a blockage in"the liquid
line or high pressure gpas line. Depending on the design
of the equipment, othcr malfunctions may result in the
opening of cne of the refrigerant actuated pressure
switches.

Refrigerant pressure may also be used to actuate water
flow contrel valves. One such valve is shown in Figure 20.
The refrigerant pressure is translated into a force

acting on the valve stem by way of a sealed bellows. A
water [low control valve operating in the cooling mode
would be designed to open further as the refrigerant
condensing pressure increases. The increase in condensing
pressure indicates the condenser could use more water
since the condensing temperature must also be increasing.
Conversely, a water valve operating in the heating mode
would be designed to close as the suction (evaporator)
pressure became too high. This indicates more than suf-
ficient heat is available in the source water and its

flow rate should be reduced,

Pressure Actuated Water
TFlow Valve.

Figure 20.

As a Final comment, it must be mentioned that refriger-
ation equipment, including ground water hecat pumps, takes
some time to Tespond to adjustments or changes in opera-
ting conditions. Cften, depending on the degree of ad-
justment made, it may take 15 to 20 minutes before the
result of the adjustment becomes apparent. It is quite
possible for a contractor or serviceman o end up
"chasing his tail" in making adjustments to heat pump
controls too rapidly. Careful, slow adjustments, taken
one at a time, is the way to do it.

The above discussion on refrigeration controls is meant

to serve only as an introduction. Clearly, participaticn

in training schools offered by the manufacturer or product
distributor and the careful study of the service manuals

are essential. There is no substitute for training and
experience when it comes to insuring success with heat pumps.
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PERFORMANCE CHECK

WATER SOURCE HEAT PUMPS

INSTALLER PLEASE FILL OUT AND
RETAIN WITH UNIT

DATE OF INSTALLATION

MODEL NO(S).

SERIAL NO(S).

ITEM

COOLING

HEATING

JOB NUMBER

HEAD PRESSURE

NAME OF INSTALLER

TEMP. (OUT)

2. SUCTION PRESSURE NAME OF OWNER
3. WATER TEMP.(IN) ADDRESS
4. WATER TEMP. (OUT) CITY STATE
5. WATER PRESSURE (IN)
6. WATER PRESSURE (0QuT) 1 FIELD COMMENTS :
7. WATER FLOW (GPM) "
8. AMPERES (BLOWER) H
9. AMPERES (COMPRESSOR) “
10. LINE VOLTAGE
(COMPRESSOR RUNNING)
11. AIR TEMP.{IN) D.B. u
W.B.
12. AIR TEMP.{OUT) D.B.
W.B.
13, DESUPERHEATER H,0
TEMP. (IN) H
14. DESUPERHEATER H,0 n

This PERFORMANCE CHECE SHEET should be
filled out by installer and retained with unit.

Bard Marufacturing Company
P.0. Box 607

Bryan, Ohio 43506



TYPICAL INSTALLATION RECOMMENDATIONS

Typical installation cxumples are Illustrated in
Fipures 22 and 23 for both vertical and horizontal appli-
cations. Tt is particularly important, becausc of the

required water lines, that

decess panels and water valves

[NSTALLATION OF RECOMMENDED PIPING TO AND FROM A WATER
SOURCE HEAT PUMP TO ENABLE SERVICE MAN TO PROPERLY
TROUELESHOOT THE UNIT 5 OPERATION,

Refer te piping Figure 24, Test Points (6) and (7), te
measurc water temperature and water pressure entcring

be unobstructed. Alse note the use of plastic wuter and leaving the unit, must be included in the piping
lines to climinate transmission of nolse and vibration installation., FEither the sclf-scaling threaded test -
tn the building structure. [(sce Equipment Installation plugs (availahle from Bard) or more conventional gauge
Instructiens for specifics). tees and thermomcter wells can be used. These test
points will aid in the initial start-up of the cquip-
FINAL CHECK LIST ment as well as in the future service work., Water
. regulating valves 1 and 2, are required on all ground
Before starting unit after installation or servicing, water heat pump 1nstallaticns and on all installations
check the folleowing: having a hot water desuperheater. These valves insurc
. that the proper water flow is maintained to the heat
1. Proper voltage to unit. pump in response to variatiens in the relrigerant
2. Correct fuse sizes. pressurc. lwo valves are manilolded together as shown
in Figurce 24. Onc valve, VA46AC, opens in respense to
3. Tight elcctrical connections. an increcase in discharge pressure during the cooling
4. Water system clean and flushed. cycle. Thc_other valve, VAONC, opens in response to
a decrecase in suction pressure during the heating cycle,
5. Alr purged from water system. tne valve only opens during cooling, the other valve
# P P - : only opens during heating. The valves should he in-
6. Adequate water flow and pressure to the unit. Ctallel on the LEAVING STDE of the unit as shown. The
7. Water tempcrature hetween 45 degrees F and reason [or this location is to maintain pressure on the
95 deyrces T, water system (including the unit water coil) when the
&, Condensate line clear and unclogged. unit shuts down. Constant water pressure will help pre-
” vent solids, dissolved in the water, from precipitating
9., Blower wheel [rec to rotate. and causing scaling.
10. Return air filter is installed. The figure shows the use of shut-off valves (9) and (11},
11. Access panels and enclosures are installed on the IN and QUT water lines te permit isolation of the
and secured. unit from the plumbing system should future service work
12. Thermostat on "O{[" position, require this. Globe valves should not be used as shut
off valves because of the excessive pressure drop in-
To start and check balance the unit, see the "Sequence of herent in the valve design. Iqs?eqd use gate or ball
Operation” and "Svstem Start Up Proccdures” in the in- valves as shut-offs so as to minimize pressure drop.
zziiigzé?n instructions for the particular unit being Drain cocks, (&) and (10}, and tecs have been included to
permit acid cleaning the refrigerant-to-water ¢oil should
To check the capacity of a water source heat pump for such cleaning be required. See WATER CORROSION.
correct refrigerant charge without installing a gauge
manifoid, do the following:
’ ® i | TROUBLESHOOTING
Heating Cycle.
Total Btuh Qutput = Water Coil Btuh + Motor Btuh THE ANSWER 15 Y E 3
The guestion is "do these units require scrvice”? The
Step 1. Water Coil Btuh = GPM x 500 x AT cF drop answer, of course is yes, and as with air-to-air systems
or conventional air cenditioning systems, troubleshooting -
or (CPM x 60 min. x 8.33 x/\T °F drop) is best accomplished by following a planned procedure.
The recommended appreoach to isolating a malfunctioning
or (Lbs. of iI,0 2 /AT °F drop) component in a water-to-air heat pump system is illus-
trated on the ensuing pages of this text. They should be
BIUH = Capacity of water transfer coil inm scrutinized glosc;y, for in the fieldrof hgut‘pump service,
Aritish Thermal Units per heur. trouh!eshoot;ng without a plan of action, 1sv1nstegd,
shooting for trouble...from the owner, especially if
/AT = Temperature difference °F, entering repeat calls are involved.
to leaving water.
GPM = Flow rate of the water in gallons MAINTENANCE PROCEDURES
per minute. Proper, repularly scheduled maintenance is important to
8.33 = Conversion factor to convert gallons insure the most efficient operation and longest lifc for
of water to pounds of water. your cquipment. The following points are to serve as a
60 = Number of minutes in one hour (omit general guidg. Alway; consult with your ma@ntenance
if flow rate is expressed in gallens contractor w1fh regard to the specific requirements of
per hour) your own installation.
Step 2. Motor Btuh - Volts x amps x .9 (power factor) a. Filters — EZE;Eqﬁ?:eglr filters once cach month. Wash
X 3413 b. Bearings — Only sealed bearings are uscd in the evap-
. o orator blower motors. Therefore, bearing
Step 3. Ea;gzo?OE%uEtUh = Total Btuh heating¥® ciling 1is not recquired.
c. Paint Tinish — If paint lifting or peeling occurs,
e T _ : scrape and sand the effected area and touch
Step 4. Air Flow (CEM) Tozal Btuh heating up with paint obtained from the factory
AT °F rise x 1.1 for this purpose.
d. Water system — The pump should be checked whenever
*The total Bruh for heat pump should be within 10% of filters are cleaned, to assutre that it is
the rvated capacity for the unit, at the cntering water operating normally. Clogged coils lead to
temperature [(see unit specification sheet). high head pressures and inefficient operation.
If coil is limed, acid treatment may be
necessatry. Condenser coils should be checked
yearly for liming or clogging.
e. Refrigerant Pressurc — Check at any time unit does not
seem to be perferming at top efficiency.
These should be checked only by a compectent
service contractor.
-



MAINTENANCE PROCEDURES (Cont)

f. Contactor Points — Check contactor points twice a
year to be sure they are not burned or pitted as a
result of low voltage, lightning strikes, or other
electrical difficulties.

g. Condensate Drains -- Always check to see that con-
densate is draining properly from the unit, when-
ever vou check the filters.

h. Evapcratcr Pans -— Be alert for any noise that would
indicate blower wheel, loose or motors failing.

i. Condensate Drain Pan -— Dach 6 months, clcan and
flush cvaporator condensate drain pan.

TROUBLESHOOTING PROBLEMS IN WATER-TO-AILR

HEAT PUMP SYSTEMS

A. COMPLAINT -— Unit Won't Run,
Passible Causcs/Corrective Measures
Blown Tuse(s)....Replace fuse(s) or reset circuit
breaker.
Supply Voltage Low....If voltage is below minimum
voltage specified on dataplate, contact local power
company .
Broken or Loose Wires....Replace or tighten wires.
Low Voltage Circuit Malfunction....Check 24 velt
transformer for burnout or voltage of less than 18
volts,

B. COMPLAINT — Blower Runs, Compressor Does XNot.

Possible Causes/Corrective Measurcs.
Thermostat Mal(unction....Check setting, calibration,
and wiring. Replace if defective,

Wiring....Check for locse or broken wires at com-
pressor, capacitor, and/or contactor.

High or Low Pressurc Controls....The unit could be
off on the high or low pressure cut out control,
Reset the thermostut to "OFF". After a [ew minutces
turn to "COOL". If compressor rums, unit was off
on high or low pressure (see further complaints for
possible causes).

If unit still fails to run, check for faulty pressurc
switch(es) by jumpering contreols individually moment-
arily. If unit runs, replace pressure control found
to be faulty.

Defective lLockout Relay....Check to see if stuck
open and does not reset when power is turned on., If
hound up and cannot be freed, replace faulty relay
as required.

Defective Capacitor....Check capacitor. If defective,
remove, replace and reconnect correctly.

Compressor Overlead Open....In all cases an "external”
or "internal" temperature sensitive compressor over-
load is used. If thc compressor dome is too hot to
touch, the overlead device will not reset until the
compressor cools, If the compressor IS cocl, and the
overload has not reset itself, the problem could be a
defective device. If the overload is defective and

is external, rcplace it, cotherwise replace the com-
pressor.

Compressor Motor Grounded..,.Il internal winding is
found to be grounded to the compressor shell, replace
the compressor. If a burn-out has taken place, re-
place compressor, following standard burn-out pro-
cedure including installation of filter-drier in
suction line at cempressor.

Compressor Winding Open....Check continuity of com-
pressor windings with an Ohmmeter. I[ a winding is
onpen, replace COMPNressor.

Seized Compressor....Try an auxiliary capacitor in
parallel with the run capacitor momentarily. If the
compressor starts but the problem reoccurs on start-
ing, install an auxiliary start kit. The '"Hard Start”
kit 1s comprised of a Tecommended start relay and a
correctly sized capacitor, If the compressor still
does not start, replace the compressor.

-10-
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COMPLAINT — Unit OfF on Iigh Pressure {ontrol.
Possible Causes / Corrective Measures

Discharge Pressure Too High....If system is on
COOLING cycle, problem is generally lack of, or in-
adequate water [low. Entering water too warm. Scaled
or plugged condenser. The unswer, obhviously, is to
cither correct the water supply problem or clecan the
condenser, as findings dictate.

If the system is on HEATING cycle, the cause is

generally Iack of, or inadequate air flow. Entering
air too hot. Blower inoperative, filter is clogged,
or there is a restriction(s) in ceil air passages or
in ductwork. Take corrective steps findings dictate.

Refrigerant Overcharge....1f unit is found to be over-
charged, bleed off refrigerant, evacuate and recharge
with specificed weight of proper refrigerant.

Defective High Pressure Cutout....If control is found
to be stuck open or will not reset, a replacement
switch is necessary. When it is necessary to replace
either of the pressure switches or the reversing valve,
wrap them with a wet cloth and direct heat away from
the metal body. Excessive heat can seriously damage
these components.

COMPLAINT -— Unit O0ff On Low Pressure Control

Possible Cause / Corrective Measures

Suction Pressure Too Low....If on GOOLING, problem could
be lack of, or inadequate airflow. If belt drive, check

belt(s}. Entering air could be too cold. Blower could
be inoperative. Clogged filter or coil, restriction in
ductwork. If on HEATING, lack of, or inadcquate water

flow could be the cause, or entering water is too cold.
Water coil could be scaled or plugged.

When installed in an unconditioned space (never install
in a space where temperatures are below 40°F or water
pipes will freeze), such as a garage, the unit may not
start in cold weather, {approximately 50°F}. In this
case, it may he necessary to start the unit on cooling
in cool weather and let tun for three to five minutes.
Then shut it off and turn to heat after a one minute
shutdown. (Tt may be necessary to repcat this pro-
cedure several times).

Refrigerant Charge....Unit is low on rcfrigerant. Locate
leak(s), repair, evacuate and recharge with specified
weight of correct refrigerant.

Defective Low Pressure Switch....Stuck open or does not
reset, A Teplacement is requircd. The control is to

be replaced directly in the suction line, it should be
wrapped with a wet cleth and when soldering, heat should
he directed away from the control, as excessive heat

can damage the pressure switch bellows.

COMPLAINT -—— Unit Short Cycles.
Possible Causc / Corrective Measures

Malfunction Thermostat....The differential is set too
close on the thermostat. Readjust hcat anticipator.

Wiring and Controls..
or control contactors are defective.
findings dictate,

..Loose connections in the wiring
Correct as

Compresseor Overleoad....Defective compressor overload,
check and replace if necessary. If compressor tuns
too hot, check for a delicient refrigerant charge,

COMPLAINT — Insufficient Cooling or Heating.
Possible Cause / Corrective Mcasures

Unit Undersized....Recalculate heat gain/losses for
space to be conditioned. If excessive, try to rectily
by adding insulation, shading, etc.

Loss of Conditiconed Air Through Leaks....Check for
leaks in ductwork or introduction of ambient air
through doors and windows.

Thermostat....Improperly located thermostat [(eg., near
kitchen, sensing inaccurately the comfort level in
living area}.



COMPLAINT — Insufficient Cooling or Heating (Cont) H. COMPLAINT — Water Leak \\\
o

Air Flow....lLack of adcquate air flow or improper dis- Possible Cause / Corrective Mcasures

tribution of air. Check belt tensieons or duct sizing.

Check the air filter. it should be inspected every Plugped Condensate Drain....Condensate drains pick up

month, changed if dirty or washed if it iIs a permanent dirt or algac can grow causing the drain outlet to clog

type. and condensate to overflow. Inspect and clean as re-
quired.

Refrigerant Charge....Low on refrigerant charge, -—

causing inefficient operation. Unit Not Level....Check level of the unit and adjust as
required to correct problem.

Blower Running Backwards....Reverse the two blower

motor capacitor leads. This situation is not unusual I. COMPLAINT -- Unit Heats Only

on three phase systems when Tepairs to an outside

transformer or other Utility Co. equipment results Possible Cause / Corrective Measures

in a switching of phases. TIf reversal is for this

Teason, it can be easily corrected by reversing any Reversing Valve Not Shifting....The solenoid valve may

two (2) of the three supply wires con the motor. not be energized due to miswiring at the unit or the
thermostat. The valve could be stuck, The thermostat

Water....Lack of sufficient pressure, temperature, may be in the heat positien. Check and correct

and/or quantlity of watcr. Possible scaling in the condition(s) indicated by [indings.

condenser, (refer to c¢leaning and de-scaling methods),

or well and plumbing problems, see your well driller. OPERATING PRESSURES AND TEMPERATURES

Compressor....Check for defective compressor. TIf The example Heat Pump is a factory charged unit. However,

discharge pressure is toc low and suctiomn pressure in cases of service or replacement of major components it

too high, compressor is not pumping properly. Re- will be necessary to recharge the unit. Prior teo re-

placement recommended, charging the system the follewing steps are recommended:

Reversing Valve....Defective reversing valve creat- 1. Pressure test with dry refrigerant. Locate and repair

ing bypass of refrigerant from discharge to suction all leaks.

side of compressor. When 1t is necessary to replace

the reversing valve, wrap it with a wet cloth and 2. Evacuate the system to less than 1000 microns, using a

direct heat of scldering or brazing away from the good vacuum pump and an accurate high vacuum gauge.

valve body. Excessive heat could seriously damage Operate the pump at 1000 microns, or less, for several

the valve. hours and then allow the system to stand for several

additional hours to be sure the vacuum is maintained.
Operating Pressure....Tncorrect operating pressure

(see Refrigerant Pressure Tables for particular unit 3. An alternate method of removing moisture and non-

in installation instructions). condensables from the system 1is:

Refrigerant System....Check strainer and capillary a. Ovacuate system to 29 inches for ten minutes per ton
tubes for possible restrictions to flow of relriger- of system. Break vacuum with refrigerant to be used
ant. The refrigerant system may be contaminated for final charging ol system and vapor charge to

with moisture, non-condensables and particles. De- 35-50 1bs, gauge pressure. Leave vapor charge in
hydrate, evacuate and recharge the system. system for a minimum of five minutes. Reduce pressure

to five to ZeTo gauge presslure.
COMPLAINT — Noisy Operation,
b. Repeat step (a) two more times.
Possible Cause / Corrective Mcasurcs
¢. Evacuate system to 30 inches vacuun for twenty min-

Rattles and Vibration....Check for lcosc screws, utes per ton. Charge system with the specified -
panels or internal components. Tighten and sccurc. kind and gquantity of refrigerant (charge into vacuum}

Cepper piping could be hitting the metal surfaces,

Catefully readjust by bending slightly. HOTE: A* no fime use the compressor to evacuate the system

or any part of It.
Airborne Noise and Other Sounds....Undersized duct-

work will cause high airflow velocities and noisy 4. Disconnect charging line at vacuum pump and connect to
operation. Excessive water through the water- vefrigerant supply. (Dial-A-Charge Cylinder) crack
cooled heat exchanger will cause a rattling sound. valve and purge charging line at center on manifold.
Throttle back on the water flow maintaining adequate Then close valve.

flow for good operation but eliminating the noise.
5. The system is now ready for the correct vperating charge

Compressor,...Make sure the compressor is not in of Refrigerant 22.

direct contact with the base or sides of thc cabinet.

The hold down bolts used for shipping should be 6. Charge unit with the quantity of Refrigerant 22 as
loosened so that the compresser is floating free on specified in ounces on the dataplate. Do not attempt to
its isolator mounts. TFxcessive noise will occur if charge the unit by running the machine and measuring
the compressor has a broken valve or loose discharge the ampere draw te [ull load conditions.

tube. Replace the compressor.
There are many variahles {(airflow, air temperatures} in

Blower and Blower Motor....Blower wheel hitting the heat pump system that will affect operating refrigerant
casing, Adjust for clearance and alignment. Bent pressures and temperatures. Table 8.13 shows approximate
blower; check and replace if damaged. Loose blower conditions and is bhased on airflow at the rated CFM.

wheel on shaft. Check and tighten. Defective

bearings; check and replace, It is good practice to For abnormal pressures reler to the Refrigerant Pressure
inspect for belt {on existing furnace installations) Table for unit being serviced.

wear and tension at this time. If the belt is ex-

cesslively tight, there will be ecxcessive heat A machine that is normally operating well on cocling cycle
generated in the bearings and ultimate failure. will have a warm {to touch) compresscr dome and ccol

crankcase at the suction port. I crankcase and dome are
very hot {to touch) there is an indication of insufficient
charge. On the other hand, if crankcase and dome are very

Contactors....A "clattering' noise in cold or frosting, the unit is likely to be overcharged.

the contactor could be due to control voltage less

than 18 volts. Check for low supply voltage, low

transformer output or extra long rtuns of thermostat

wires. If the contactor contacts are pitted ar cor-

roded or coil is defective, repair or replace.

Humming neise caused by stuck armature.

Water....If water hammer is indicated, reduce water

pressure teo minimum operating pressure if a water

pressure regulating valve is used., It is suggested

that such a valve always be incorporated in the system. -
You may also have undersized piping system. ’

-11-
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WATER SUPPLY TWO WELL TNSTALLATION

It is important to have water with enough pressure to
insure the proper flow for the unit, and purity to pre-

vent scaling which impedes heat transfer and reduces /”\\\\\\
efficiency. TInsulficient water, in the heating mode

for example, particularly at low water temperatures, .
will cause the low pressure control to trip, shutting

down the heat pump. In assessing the capacity of the

water system, it is advisable that the complete water

system be evaluated to prevent possible lack of water

or water pressurc at various household fixtures whenever ‘*‘1‘_____;Tﬂ

the heat pump turns on. All plumbing to and from the Jjﬁn i
unit is to be installed in accordance with local plumb- s I =
ing codes. The use of plastic pipe, where permissible,
is recommendcd to prevent electrolytic corrosion of the
water pipe. Because of the relatively cold temperatures RECHARSE
encountered with well water, it is strongly recommended INTAKE WELL WELL
that the water lines connecting the unit be insulated to 5%5“
prevent water droplets from condensing on the pipe

surface.

WARM AIR
FOR HEATING

WATER FLOW

Bard high efficiency water source heat pumps are designed 73?'

te be used with ground water in the tempcrature ranges " 100 1.

of 45°F - 75°F. We do not recommend the use of ponds

for supply water and have very heavily discouraged people i

from this type of application due to the severe and large

amount of problems encountered., This unit is not de-

signed to be used on lakes, ponds or rivers because in

areas where they freeze over, these water temperatures ADVANTAGES OF RETURN WELL
a . - p

drop to 38°F, which is too cold for the proper operation. 1. Tidiest method

2. Includes most installations

Eﬁsi?es becoming too cold for proper operation of units,
the few people who have tried ponds huve had considerable
problemspwigh dirt, silt, fish? etc., and found it very, DISADVANTAGES
very hard to filter. 1. High first cost

2. Subject to clogging
We recommend the use of lakes, ponds and rivers for dis- 3. Environmentally potential problem
posal of water only. 4. Thermal interference between wells

People have also tried closed loop systems whereby they RECOMMENDATIONS
inserted a long plastic piping system under water to use - .. ..
as a heat sink sourcc. They ran into problems after a
period of time with algae and growth on the outside of
the plastic piping and lesing thermal conductivity,

They also encountered problems with anchors from fishing
boats pulling up and breaking the plastic pipes.

1. Oversize return well

2. Keep pipe pressure loss to a minimum - both wells
3. Space wells adequately - minimum 50 feet

4. Consult a qualified well driller

WATER DISPOSAL METHODS

DISCHARGE TC LAKE OR POND

N

LAKE AS SUPPLY AND HEAT SINK

WARM AIR
FOR HEATING
W W/ _
A—
. I e e g
FE) _ ] RETURN LAKE
SURPLY _
INTRKE WELL LAKE, POND, CREEK,

RIYER OR DRAIN DITCH
AS PERMITTED BY

LOCAL CODES
30 FT.

NOT RECOMMENLED BY BARD

ADVANTAGES

} ! 1. Low cost

DISADVANTAGES
ADVANTAGES OF LAKE OR POND DISPOSAL 1. Water must be minimum 45° supplying the unit for
- : — heating.
1. Simplicity Z. Water must be 85° maximum supplying the unit for
2., Low first cost ceoling.

Site selective

3. Easy maintenance 3.
4, Thermal interferencc
5

DISADVANTAGES Subject to plugging
1, Pond may flood
Z. Aquifer may deplete RECOMMENDAT LONS

Screen over intake and discharge
Spacing between intake and discharge
At least 5 acres for a 3-ton unit
Average depth 18 feet or morc

intake below 15 foot level

3. May require large surface area

RECOMMENDATIONS
1., Check soil permeability

[ RPN
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SINGLE WELL CLOSED LOOP INSTALLATTON Instead, diaphragm or bladder type pressurc tanks must
be installed. This type of tank separates the water from
the air with a heavy rubber diaphragm inside the metal

tank and prevents the water and compressed air {rom mixing.

The pressure tank setting of the water storage tank should
i be selected to provide adequate pressure [or that branch
I of the water system having the highest pressure reguire-

ment. This could he the household plumbing hranch or
the heat pump branch.
r el
BELOW EROST LINE lsuPPL\r['J—- : TABLE 8'4
18
LJ'j, Peak
P _”J RETURN Demand Individual
Allowance Fixture
Water Uses for Pump Flocw Rate
woer, | ! NOT RECOMMENDED - o p—
WEETED f LY TAT O
PIPE/TON EXPERTHENTAL ONLY Column 1 Column 2
Household Uses
Bathtub or tub-and-shower combination 2.00 8.0
Shower only 1.00 4.0
Lavatory .50 2.0
Toilet—flush tank .75 3.0
s Sink, kitchen~—including garbage disposal 1.00 4.0
- Diswasher .50 2.0
Laundry Sink 1.50 6.0
WELL PUMP SIZING Clothes Washer 2.00 8.0
. . . X Irrigation, Cleaning and Miscellaneous
Strictly speaking, sizing the well pump is the re- Lawngirrig;tion (peg sprinkler) 2.50 5.0
sponsibility of the well drilling contracter. It is Garden irrigation ([per sprinkler} 2.50 ]
important, however, that the HVAC contractor be Automobile washing 2.50 50
familiar with the factors that determine what size Tractor and equipment washing 3 50 5 0
pump will be required. Rule of thumb estimates will Flushing driveways and walkways 5:00 10'0
angar1gb}y 1iid to und@{lor ov§{S}ze§ ”311 L Cleaning milking equipment § milk storage tank 4.00 8.0
tg gﬁzliﬁg%e fngWP Wi resE in inadequate watér |y,ce cleaning barn floors, ramps, etc. 5,00 10.0
plumbing system but with especially bad g jnning nool (initial £illing) 2,50 5.0
results to the heat pump—NQO HEAT/NO COOL calls will P g ! ‘

result. Oversized pumps will short cycle and could
cause premature pump motor or switch failure.

The well pump must be capable of supplying cnough
water and at an adequate pressure to meet competing
demands of water fixtures. The well pump must be
sized in such a way that three requirecments are met:

1. Adequate flow rate in gpm.

2. Adequate pressure at the fixtures. TABLE 8.8

3. ble t

Able to mect the sbove from the depth of FRICTION LOSSES THROUGH FITTINGS
) IN TERMS OF EQUIVALENT LENGTHS OF PIPE

The pressure requirements put on the pump are directly Equivalent Length of Pipe
affected by the diameter of pipe being used as well as Lo Pipe § Ftg. Neminal Size Fitting & Pipe
by the water flow rate through the pipe. The worksheet Type Fitting Material 1 3] 1 11 1 2 |2
included in these instructions should guarantee that & Application {Note 1) /2| 3/ i & %
the well pump has cncugh capacity. It should also
ensure that the piping is not undersized which would Insert Coupling Plastic 3 3 3 3 3 3 3
create too much pressure due to friction less., High
pressure losses due to undersized pipe will reduce Threaded Adapter
efficiency and require larger pumps and could also plastic or Cgpper Copper 1 1 1 1 1 1 1
create water meise problems. to Thread Plastic 5 3 3 3 3 3 3
gzﬁ worgsziet aisumei a ;esigencethavingta su?Tﬁrsi?%e Steel 2 3 k1 4 4 5 6

p an ree branches in e water system we a 3 4 4 g [
pump to the pressure tank branch,(2] the hoﬁsehold 90° Standard Elbow gﬁﬂﬁfﬁc i g 6 7 8 9 10
plumbing branch, and (3) the water source heat pump
branch, If your installation requires more branches Steel 1 2 2 3 3 4 5
(and therefore more peak demand for water flow), these Standard Tee Copper 1 2 2 T 3 1 5
additional branches must be included in the calculations [Flow Thru Run Plggtic 4 4 3 5 5 7
for sizing the well pump.
Most household water systems will require 30 psig Standard Tee gzeelr : g g g g }i }i
pressure to work dishwashers, clotheswashers, etc. It Flow Thru Side Plggtic 4 9 |12 |13 |17 |20
is rteasonable to assume a 30 psig pressure requirement
for the household and avoid pipe sizing calculations
for an entire household plumbing system. Gate Valve Note (2) 2 5 ! 3 6 i ;
Most gell systems include a pressure storage tank con- Gwing Check Valve Note () 4 5 7 9 - 13 16
nected to th 11 . Th f thi k i N . .
maintainoade:u:§e pggggure fsrptggogiu;bi;glih§§2 33313? Friction loss tables for fittings (Table 8.8). Figures given are
s s p friction losses in terms of equivalent length (in feet} of straight
ing turning on the well pump every time a small amount : j
of water is required. pipe. Note: (1) Loss figures are based on equivalent lengths of

indicated pipe material and (2) Loss figures are for screwed valves

Hydroprneumatic water storage tanks should not be used. and are based on equivalent lengths of steel pipe.

These tanks are partially filled with air which is com-
pressed as the water is pumped into the tank. Thus, the
compressed alr maintains a constant pressure on the water.
However, air under pressure will dissolve into the water
requiring more and more water to maintain pressure.
Additionally, the air and water mixture can be somewhat
moTE cCorrosive.
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1/2t 1D = .622¢ 3/4m ID = 824" 1" 1D = 1.049"
Steel Plastic Steel Plastic Steel Plastic
GPM
Ft Lbs Ft Lbs Fr Lbs Ft Lbs Ft Lbs Ft Lbs
2 4,8 2,11 4.1 1.8
3 [10.0 4,3 (8,7 3.8( 2.5 1.1§2.2 1.0
4 17,1 7.4 (14.8 5.4 . 1,837 1.6
5 25.8 11.2(22.2 2.6 . 2.7 5.7 2,5)1.9 L8] .8
6 [36.5 15.8 31,2 13.5 3,98.,0 3.5 2.7 1.2 . 1.1
7 48,7 21.1 [41.5 18.0111.8 5.1 |i0.6 4.6 . 1, 3.3 1.4
8 we.7 27.2 |53.0 23.0(15.0 6.5 |13.5 5.9 ] 4. 2.014.2 1
9 [78.3 34.0 |66.0 28.6)18.8 8.2 (16,8 7.3 5. 2. 5.2 2,
10 [95.9 41.6 |80, 5 34.9)23.0 10,0 (20.4 8.9 6.9 3.0 6.3 2.7
12 32,6 14.1 (28,86 12.4] 5.6 4,2 8.9 3.9
14 43.5 18.5 |38.0 16.5 12,8 5.6 |11.8 5.1
16 56.3 24.4 148,86 21,1 16,5 7.2 15,1 6.6
18 70.3 30.560.5 26.3 |20.6 8.9 18.7 2.1
20 86,1 37.4 |73.5 31.9 125.1 10,9 |22.8 9,9
22 04,0 45.1 30.2 13.1 [27.1 11.8
29 35.6 15.5 j31.1 13.5
25 Areas above the heavy linea are 58.7 15.8 134.8 15.0
30 recommended for normal operation, 54.6 23.7 48,1 20.9
35 73.3 31,8 |64.3 27.9
40 95,0 41,2 [8z.0 35.6
TABLE 8.5
Friction loss Tables B.6 and 8.7 for common pipe diameters and
materials, Figures given are friction loss in feer of head per
one hundred feet of pipe. Doubling the diameter of a pipe in-
creases its capacity four times, not two times.
1%" ID - 1.380" 1K' 1D = 1,610" 2" ID - 2.067"
Steel Plastic Steel Plastic Steel Plastic
GPM
Ft Lbs Ft Lbs Ft Lbs Ft Lbs Ft Lbs Ft Lbs
10 1.8 . 1.7 .7
12 2.5 1.1 2.3 1.0 1.2 .5 .5
14 3.3 1.4] 3.1 1.3 1.5 7 . N
16 4.2 1.8} 4.0 1.7 2.0 .9 .8
18 5.2 2.3 4.9 2.1 2.4 1.1 1.0
20 6.3 2.71 6.0 2.6 2.8 1.3 2.8 1.2
25 9.6 4,21 9.1 3.9 4.5 2.0 .3 1.9 1.3 5 1.3 8
30| 13.6 5.9 12,7 5.5 6.3 2.7 6.0 2.6 1.8 R 1.8 .8
35( 18.2 7.9i16.9 7.3 8.4 3. §.0 3.5 2.4 1.0 2.4 1.0
40( 23.5 10.221.6 9.4 ]10.8 4,7 |10.2 4.4 3.1 1.3 3.0 1.3
45] 29.4 12.8 |28.0 12,2 | 13,5 5.9 |12.5% 5.4 3.9 1.7 3.8 1.6
S0 36,0 15.6|32.6 14,1 16,4 7.1 (15.4 6.7 4.7 . 9. 2.0
607 51.0 22.1[45.6 1%.8 | 23.2 10.1 |21.6 9.4 5.6 6.4 2.8
70| 68.8 29.9|61.5 26,7 | 31.3 13,6 |28.7 12.5 8.9 8 3.7
80| 89.2 38,7 (77.% 33.8 | 40.5 17.6 {36.8 16.0 j11.4 5.0 |10.9 4.7
op(112,.0 48,6 |96,6 41,9 | 51.0 22,1 |45.7 19.8 {14.2 5.2 [13.6 5.9
100|1358.0 59,9 62.2 27.0 j56.6 24.6 |17.4 7.6 |16.5 7.2
120 88,3 38,3 24,7 1007 |23.1 10,0
140 11%.0 51.6 33,2 14,4 |30,6 13,2
160 156.0 67.7 43,0 18,7 |39.3 17.1
180 54,1 23.5 148.9 1.2
200 66,3 28,8 [59.4 125.8
220 Areas above the heaqvy iines are 80.0 347
240 recommended for nermal opevation. 95.0 41.2
260 111,0 48.2
TABLE 8.7
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3,12 - WATER SYSTEM WORKSHEET

{METHOD APPLICABLE TO SUBMERSIBLE PUMPS, CONSULT WELL DRILLER FOR SIZING OF OTHER TYPES OF PUMPS)

I3 {ELL PUMP SIZING

1.

2.

3.

BEranch "A" - Well Pump - DPiping from pump in well to pressure tank,
Sranch "B" - Domestic Water Supply - Piping from tank te the fixtures throughout house.

Branch "C" - Heat Pump Water Supply - Piping from tank through heat pump coil to drain.

Determine household water needs from Table 8.4, Column 1. Enter here.
Enter gpm flow rate for unit to be installed from specifications {water coil rated flow).

Add lines 1 and 2 for total water flow rate required.

NOTE: IF PIPING LAYOUT HAS MORE BRANCHES, DETERMINE THE FLOW FATE
FOR THESE FROM TABLE 8.4, COLUMN 1, AND INCLUDE IN TOTAL.

B. DETERMINING WATER PRESSURE REQUIREMENTS PIPE SIZING FOR EACH PIPE BRANCH-—Househqld
plumbing, Branch B, may be assumed to have a total pressure requirement of 30 psig-.

gpm Branch B

gpm Branch C

gpm Branch A

Branch A | Branch C

inch pipe

4. Tentatively select a pipe size and enter here. Table B.6 or 8.7.
5. Consult Table 8.8 and enter equivalent feet of pipe for one elbow of .
the size selected in step 4 above using gpm of the branch. Enter here. equiv. feet
6. From the piping laycut, determine the number of elbows needed for the
branch, Enter here. elbows
7. Multiply line § by line 6. Enter total here. equiv. feet
8. From piping layout, determine total lineal feet of pipe in the branch. Enter here. lineal feet
9., Add lines 7 and 8. Enter here. total feet
10. Consult Table 8.6 and 8.7 for total feet (line 9) and total gpm needed
(for each branch determined from Section A above} and enter friction loss here. ft.hd/100 ft.
11. Moltiply line 10 by line 9, divide by 100 and enter here as total piping
friction loss. ft. hd.
12. Multiply line 11 by 0.433 to convert tc psig. Enter here. psig
13. Consult manual for the unit to be installed and enter unit pressure
drop here. Branch C only. (Water coil pressure drop) i psig unit
14. Consult Table 8.10 for the pressure drop of the water regulating valve using
the appropriate size and flow rate (line 2). Branch C. psig
regulating
valves
15. Calculate total pressure drop, Branch C, by adding linmes 12, 13 and 14. Enter
here. Branch A pressure drop is the same as line 12 Branch A and should be
entered here. psig
16. From the piping layout, determine parallel flow among the branches,
Beginning at the well pump, add the frictiom loss in psig for the
well pump branch (Branch A) to the branch having the higher pressure
drop (Branch B or Branch C). Note: If more than three branches are
required by the piping layout, select that branch which has the highest
pressure drog and add this pressure drop to Branch A. Enter in line 16
the number obtained as total piping pressure loss due to pipe friction. psig
17. To the brgnch having the higher pressure drop (Branch B or C used in line 16), .
add 20 psig to obtain the pressure switch cut ocut point. Enter this value here. psig
Tank cut-out
setting
g, . - R
1 Pump requirements will be: gpm  at psig
(Tine 3J (Tine 17)
at feet lift
{Vertical distance to
water in the well)
REFER T PUMP MANUFACTURER'S TABLE TCQ ACTUALLY SELECT THE PUMP MODEL BASED ON REQUIREMENTS ENTERED IiW LINE 18.
FORM 1001- 1081 ~-0VER-
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.
C. WATER TANK SI1ZING (Applicable to bladder or diaphragm type tanks only - recommended type). \\
19. Enter desired minimum off time of the well pump in minutes and
fractions of minutes. Never less than two minutes. minutes
20. Enter pressure switch cut-in point psig. At least as great a -
pressure as required for Branch B or C. psig
Zz1. Enter pressure cut-out peint psig. Usually 20 psig higher i
than value in line 20, Psig
CALCULATE TANK SIZE
22. Multiply line 3 by line 19 to determine minimum acceptance volume. gals.
23. Refer to Table B.11. Find the tank pressure factor for lines 20
and 21, I.F.
24, Divide line 22 by line 23 and enter the minimum total tank
volume corrected for pressure. gals.
25. Refer to Table 8.12 and select a tank model that is greater than
line 24 for "Total Volume" and equal to or greater than lime 25 for
"Acceptance Volume." ({Refer to water tank manufacturer's
specifications).
-—
-
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TABLE 8,10

MINIMUM WATER REGULATING VALVE
PRESSURE DROP

1/2"

374"

Psi [Ft.Hd.

Psi

Ft.Hd,

4 9.2
6 13.9
9.5122.0
15 | 34.6

1.3
4.2

W Oh e
oo

TABLE 8.12

TOTAL VYOLUME AND
ACCEPTANCE VOLUME

Nominal
Tank Size
(Total Vol.Gals)

MaXTnom

(Acceptance

Volume)}

2.0
4.4
8.6
14,0
20.0

WATER CORROSION

Two concerns will immediately come to light” when con-
sidering & water source heat pump, whether for ground
water or for a closed loop application: Will there be
enough water? And, how will the wzter quality affect
the system?

Water quantity is an important consideration and one
which is easily determined. The well driller must per-
form a pump down test on the well according to methods
deseribed by the National Well Water Associgtion. This test, if
performed correctly, will provide infermation on the
rate of flow and on the capacity of the well. It is
important to consider the overall capacity of the well
when thinking about az water scurce heat pump because the
heat pump may be required to run for extended periods of
time.

The second concern, about water quality, is equally im-
portant. Generally speaking, if the water is not offen-
sive for drinking purposes, it should pose no problem
for the heat pump. The well driller or local water
softening company can perferm tests which will determine
the chemical properties of the well water.

Water quality problems will show up in the heat pump in
one or more of the following ways:

1. Increased water flow to the unit,

2. Decreased heat transfer of the water coil
{entering to leaving water temperature
differcnce is lecss).

There are four main water quality problems associated
with ground water. These are:

(1} Bicleogical growth. This is the growth of microscopic
organisms in the water and will show up as a slimy de-
posit throughout the water system. Shock treatment of
the well is usually required and this is best left up
to the well driller. The treatment consists of inject-
ing chlorine into the well casing and flushing the
system until all growth is removed.

{(2) Suspended particles in the water. Filtering will
usually remove most suspended particles (fine sand,
small gravel) from the water. The problem with sus-
pended particles in the water is that it will erode
metal parts, pumps, heat transfer coils, etc. So long
as the filter is cleaned and periodically maintained,
suspended particles should pose no scrious problem.
Consult with your well driller.

(3} Corrosion ef metal. Corrosion of metal parts Te-
sults from either highly corrosive water (acid water,
generally not the case with ground water) or galvanic
reaction between dissimilar metals in the presence of
water. By using plastic plumbing or di-electric unions
galvanic reaction is eliminated. The use of corrosion
resistant materials (such as the Cupro nickel coil)
throughout the water system will Teduce corrosion
problems significantly.

TABLE 8,11 - PRESSURE FACTORS

PUMP CUT-I§ PRESSURE — PSIG

20

25

30

~ 35

a0

45

50

55

60 65 70 % 75 | 80 a5 80

ao

.22

as

30

.20

40

37

.27

.18

45

A2

<)

.25

AT

50

.46

.38

31

.23

A5

55

.50

.43

.36

29

22

14

60

.54

AT

40

.33

7

.20

3

6%

.50

44

a8

.1

.25

-19

.13

70

.53

A7

41

.35

.30

.24

.18

12

.50

45

.3g

.33

2B

.22

A7 -1

.53

AR,

A2

.37

32

.26

.21 Al 1

PUMP CUT.OUT PRESKURE — PRID

.50

.45

40

.35

.30

.25 .20 15 10

.53

.48

L3

. .38

a3

.29 .24 18 14 .10

50

46

.41

.36

.32 .27 .23 Al .14 .09

28|80 B &

.52

4B

A4

.38

.35 a1 .26 .22 A7 -13 .08
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{4) Scale formation. OFf all the water problems, the
formatich of scale by ground water is by far the most
common. Usually this scale is due to the formation
of calcium carbonate but magnesium carbonate or
calcium sulfate may also be present. Carbon dioxide
gas (C0,]), the cargonate of calcium and magnesium
carbonafe, is very soluble in water, It will remain
dissolved in the water until some outside factor up-~
sets the balance. This outside influence may be a
large change in water temperature or pressure. When
this happens, enough carbon dioxide gas combines with
dissolved calcium or magnesium in the water and falls
out of solution until a new balance is reached. The
change in temperature that this heat pump produces is
usually not high enough to cause the dissolved gas to
fall out of solution. Likewise if pressure drops are
kept to a reasonable level, no precipitation of carben
dioxide should occur.

REMELRIES OF WATER PROBLEMS

WATER TREATMENT. Water treatment can usually be
economically justified for closed loop systems. How-
ever, because of the large amounts of water involved
with a ground water heat pump, water treatment is
generally too expensive,

ACID CLEANING THE WATER COIL OR HEAT RECOVERY UNIT.

If scaling of the coil is strongly suspected, the
coil can be cleaned up with a sclution of Sulfamic
Acid (toxic) or Phosphoric Acid (food grade acid).
Follow the manufacturer's directions for mixing, use,
etc, Refer to the, Cleaning Water Coil, Figurez4). The
acid solution can be introduced into the heat ump
¢oil through the hose bib (Part B of Figure 24g.

Be sure the isolation valves {Parts 9 and 11 of
Figure 24) are closed to prevent contamination of

the rest of the system by the coil. The acid should
be pumped from a bucket into the hose bib {Part 8,
Figure 24) and returned to the bucket through the
other hese bib (Part 20, Figure 24). Follow the
manufacturer's directions for the product used as to
how long the solution is to be circulated, but it is
usually circulated for a period of several hours.

UNDER NO CIRCUMSTANCES SHOULD THE HEAT PUMP
BE OPERATED IN SUCH A WAY AS TO FREEIE THE
COTIL IN AN ATTEMPT T0O BREAX SCALE FREE.

While no damage is expected to be done to the coil
from freezing, undue strain is put on the refrig-
eration system and this practice should not be
attempted.

PUMP

BUCKET OF
ACID SOLUTION

(See Text)
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