Quick Guide to PTCS Air-Source
Heat Pump Installation

Ducts - size right and seal
= Duct design — bigger is better, especially with flex
= Airflow — need at least 350 CFM/ton and must prove it
(TrueFlow)
= Duct sealing — must be tight
= Volume dampers highly recommended

Heat Pump — maximize compressor heating and minimize auxiliary
(strip) heating; confirm airflow & charge OK

Use balance point of 30° F or lower (25° F recommended)

Install outdoor thermostat or equivalent control and set at 35° F
Do not specify discharge air sensor for single-stage compressor
Set discharge sensor to 85° F for multi-stage systems

Set low ambient cut out no higher than 0° F

Stage auxiliary heat elements greater than 5° kW

Follow mfr’s guidelines on evacuating system, brazing, installing
electrical conductors, components and metering device

Weigh in charge with scale and account for non-standard line
sets

= Check system operating pressures
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Documentation - fill out PTCS start up forms

Tools you will need

Standard refrigeration hand tools

Calibrated refrigerant manifold gauge set

Digital thermometer with known accuracy

Type K or J thermocouples with recent calibration (Fluke or equivalent)
Digital refrigerant scale with 0.50 oz accuracy and fresh battery (if applicable)
Refrigerant recovery cylinder

Vacuum pump with freshly changed oil

Soap solution or other leak detection equipment

TrueFlow air handler meter
Digital pressure gauge

(optional) duct pressurization fan kit (alternate airflow measurement device)



9.

PTCS New Heat Pump Installation Procedure

Outline of Tests & Form Entries

Record site location, electric utility, technician name and company.
Record house age, house foundation type, type of system being
replaced (if applicable), and duct location.

Record indoor and outdoor unit model numbers, thermostat and/or
zone control info.

Verify compressor low ambient cut out (if present) not set above 0° F.
Verify electric auxiliary heat elements are staged in 5 KW increments.
Set up and verify auxiliary heat is controlled so it does not operate
above 35° F.

If discharge air sensors installed (multi-stage compressor systems
only), set to 85° F for staging control.

Record length of refrigerant line set; adjust charge as needed for non-
standard line sets.

Measure system airflow with TrueFlow or Duct Blaster; confirm stage
tested (for multi-stage systems) and mode (heating/cooling).

10.Run system for at least 15 minutes in compressor-only mode (heating

assumed but cooling test can also be done) and record operating
pressures. Compare pressures to manufacturer’s recommended
pressures.

Fax completed forms in to complete process.



NW Heat Pump Startup Form Invoice #

Controls Page (to be completed by HVAC service tech)  (Data form 1 of 3)

Site Name & Address

Installing Technician Name

Installing Technician Company

Installing Tech. cell phone number

Electric utility company

Date installed Date of Test

Area/zone served if not whole house

Controls settings concern 3 primary areas:
e low-ambient compressor lockout (if present/enabled)
e resistance heat staging/sequencing
e control of resistance heat (operation in Stage 1 not allowed; operation in Stage 2 allowed
below 35° F (or below 40° F is using Honeywell VisionPro (or OEM equivalent) t’stat)

For all systems (single and multi-stage compressors)
Is compressor low-ambient lockout control set no higher than 0° F ] yes L1 N/IA
Avre resistance heat elements greater than 5 kW staged or sequenced ] yes

Auxiliary (Strip) Heat Control
Make/model of indoor thermostat
Make/model of zoning control (if applicable)  N/A

Check if system has single compressor stage or multiple stages

Does the system have a discharge air sensor controlling strip heat? yes no

On single capacity compressor systems, confirm discharge air sensor not installed or disabled: [
On multiple capacity compressor systems, confirm discharge air sensor control, if used to control

auxiliary heat, is set no higher than 85° F: ]

PTCS requires resistance heat lockout at temperatures above 35° F. How is auxiliary heat
controlled on this system? indoor thermostat + outdoor sensor

add-on outdoor thermostat (ODT)

indoor unit board or zoning control

other. Explain:

Confirm strip heat does not operate above 35 °F (or lowest temp. allowed by thermostat): L
Use procedures in training notebook or recommended by manufacturer.

If outdoor sensor used:

Record outdoor temperature at time of test

Record output of outdoor sensor (if applicable) Record expected value
Measuredvalueshall be within 5% of expectedalue. If not, replacesensor.
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Text Box
Measured value shall be within 5% of expected value.  If not, replace sensor.





NW Heat Pump Startup Form

(to be completed by refrigeration startup personnel)

Site Name & Address

Heated floor area of house (ff)
Foundation type (circle one)

% of ducts outside conditioned space
Tech Company/Name

Electric utility company

Date installed

Note unit #or area/zone served if multiple units at site

Invoice #

Airflow/Charge page (Data Form 2 of 3)

*HP=ht pump, EFA=elec. frcd air, room=basebrd/wall htrs, AC=central AC

Outdoor unit
Indoor unit

External Static Pressure test
ECM blower? Y N

Tested in heating or cooling |Stage/capacity tested?
1) Record expected flow based on settings (CFM/ton)

2) Measure return plenum pressure
3) Measure supply plenum pressure

4) Add values together (ignore (-) sign on return pressure)

Yr built
If retro, replacing... (circle) [HP* EFA room EFA/AC

crawl bsmnt 1/2 bsmnt slab House type (circle) Site built Apt Mfd
supply: return: Duct leakage<10%**  |yes no

Electricity meter number

Date of Test

**exterior leakage at 50 Pa /heated floor area

Make/Model # Tons*  # htg stages

Check in full capacity unless conditions do not permit.

Attach additional sheets as needed if test must be re-run.

tons

heating

cooling |

inches or Pa (circle one)

inches or Pa (circle one)

inches or Pa (circle one)

Note result of 0.8" (200 Pa) or more in step 4)can result in extreme fan energy use and early fan failure

True Flow test
TrueFlow cannot be used:

Tested in heating or cooling |Stage/capacity tested? |
filter slot @ ID unit

Note where plate installed:

*@ full capacity

If checked, use Duct Blaster matching worksheet; record result in last line below.

tons

Use consistent pressure units (inches of water or Pa) throughout. A

Measure normal supply operating pressure (NSOP)

Insert plate; which one?

Measure supply pressure with plate in (TFSOP)

Pressure at plate (green/red hose channel)

Corrected Flow (CFM) [raw X CF]

Alternate Airflow Measurement

Raw flow (CFM)
CFM/ton
Is flow target met? Yes No
If True Flow installed on filter grille or other unducted entry, multiply raw flow by 1.04 (then apply CF)
(attach worksheet for alternate method)
Is flow target met? Yes No

Flow from DB matching method (CFM/ton)
NOTES:

filter grille  other (describe):

|Fi|ter size (16x20 etc)

14 20 B

square root(A/B)...

Correction factor (CF)

...or use lookup card







NW Heat Pump Startup Form Invoice #

(to be completed by refrigeration startup personnel) Airflow/Charge page (Data Form 3 of 3)

Site Name & Address

Tech Company/Name

Electric utility company

Date installed Date of Test

Note unit #or area/zone served if mulitple units at site

Charge adjustment
For the most common sizes of tubing used on these systems, an adjustment of about 0.6 0z of refrigerant
per foot of line length shall be made for systems using non-standard line set lengths.

Refrigerant R-22 R410A

Line set length (estimate feet) std length for this unit (ft) [ 15 25 other

Ounces of refrigerant added (+)/removed (-)**

**Note any complications in adjusting charge:

Performance Check [run system at least 15 minutes before taking readings]
First test (required) Second test (if needed) 3rd test (if needed)

Air temp entering OD unit

Stage tested (if variable capacity)

Heating or cooling tested? Heating Cooling |Heating Cooling [Heating Cooling

[optional] entering drybulb*

[optional] entering wetbulb*

Measured suction pressure (psig)

Mfr suction pressure (psig)**

Measured discharge pressure (psig)

Mfr discharge pressure (psig)**

Supply temperature (optional)

Return temperature (optional)

Temperature split (optional)
*if needed for pressure check
**from manufacturer info
NOTES:







Measuring System Airflow with Duct Blaster
(alternate procedure if TrueFlow cannot be used)

1. Turn on air handler (by using fan-only switch or by turning on heat/AC).
It is best to call for the flow that will be used during heating.

2. Drill access hole as needed and point hooked end of static tap into
airflow. Do not drill into the duct at any point where you are
concerned with hitting something. Note if fan is variable speed and
note expected flow given size of unit and DIP or other settings on
system control board.

3. Record normal system operating pressure (NSOP) as described in
flow plate test.

4. Next, install split between supply and return so that all air flowing
through Duct Blaster will go into supply side.

5. Install Duct Blaster on furnace. Ingenuity with cardboard and duct
tape is often needed.

6. Turn on air handler to heating speed.

7. Turn Duct Blaster on and slowly increase flow until the supply plenum
pressure is the same as NSOP.

8. Check to make sure the pressure in the return system is O or very
close to 0 (to confirm system split is good).

9. Record Duct Blaster flow pressure, ring#, and CFM.

NSOP _ Pa
Ring # .
Flow pressure _ Pa
Air Handler flow _ CFM

Note: if highest pressure reached is not NSOP, a correction is needed.
Record highest pressure reached (HPR)

Correction: take square root of (NSOP/HPR)

And multiply by Air Handler flow (from above)

This is the corrected flow:






Data Form Procedures

Entries to the data form will be described by page and from top to bottom.

Controls Page

Information on the first third of the page identifies the location of the unit, the
installer, the electric utility jurisdiction, when the unit was installed and tested,
physical characteristics of the house and ducts, and the area served by the unit if
there is more than one unit at a site. The Invoice# is meant to give the unit an
(almost) unique identifying number; it is assumed the installer will use the
Invoice# from their service ticket.

In the two checkboxes below the identity block, the installer is asked to confirm
the low-ambient compressor lockout is set to activate at a temperature no warmer
than 0° F (PTCS specification). The installer is also asked to confirm the strip
heat is staged or sequenced in 5 kW increments (if applicable).

The installer must specify the type of indoor thermostat installed and also the
zoning control (if applicable). The installer must also specify if the system has
one or multiple stages of compressor operation and also whether a discharge air
sensor can be used to control staging.

Important note: use of discharge sensors to control backup heat is not allowed on
single-stage compressor systems, as it tends to bring on backup heat
unnecessarily. On multiple-capacity compressor systems which use a discharge
air sensor for staging, the staging temperature can be set no higher than 85 °F.

The auxiliary heat control mechanism (outdoor thermostat, outdoor temperature
sensor, etc.) must be checked and proper operation verified. It is usually possible
only to determine whether or not the system does cut out operation and not the
exact temperature where this occurs. The most commonly used technique is to
make a heating call which is at least 2° F above the displayed thermostat
temperature and measure register temperatures to see if they go above expected
heat pump delivery temperature (rarely above 95° F except on a very mild day
(above 55° F)). On days where outdoor temperatures are below 35-40° F, it may
be necessary to warm up the outdoor sensor (or decrease the cutout temperature
(if possible) in order to do this test.)

On multi-stage systems, the installer must confirm that the second stage of
heating is compressor-only (that is, that strip heat only comes on for the third
stage).

If the system uses an outdoor sensor for auxiliary heat control, its output must be
checked (last lines on the page). A lookup table which shows resistance (ohms)
vs. outdoor temperature is usually provided by the equipment manufacturer.

PTCS Air-Source Heat Pump Installation Resource Book
Section3 -1



Airflow Page

The PTCS specifications call out a recommended airflow across the indoor coil of
375-425 CFM/ton of outdoor unit capacity. The minimum allowed airflow is
350 CFM/ton.

Information on the first third of the page identifies the location of the unit, the
electric utility jurisdiction, when the unit was installed and tested, the house size,
house age, house type (single family, multifamily, manufactured home,
foundation type (crawlspace, basement, slab, etc.), percentage of ducts outside the
conditioned space (that is, in the crawlspace, attic, garage, or otherwise outside
the heated envelope of the building), heating system replaced (if a retrofit) and the
area/zone served by the unit if there is more than one unit at a site. The Invoice#
is meant to give the unit an (almost) unique identifying number; it is assumed the
installer will use the Invoice# from their service ticket.

The middle third of the page asks for air handler type, expected flow at the
mode/stage tested, and static pressure readings. The tester should specify the
pressure units used; generally, it is assumed readings will be taken in water
column inches.

The intention is that the technician will test the system at full capacity in heating
mode. In newer systems, attaining full capacity flow may be complicated and can
require detailed review of system controls and sensors. Temporary settings and/or
sensor jumpering may be required. Also, it may be possible to get to full capacity
and flow by using the test mode of the indoor thermostat.

The static pressure test will identify systems that may not achieve their full
potential because of increased fan energy usage. Holes shall be drilled in the
supply and return plenum and be large enough to be patched with rubber plugs.
Care shall be taken to avoid drilling into the indoor coil. Important: make sure
registers and dampers are open, look for constrictions; if considering duct
system repairs, note size of plenums and trunks and overall number of
supply and return registers.

The TrueFlow calibrated plate is the preferred means of measuring system
airflow. The procedure described with the TrueFlow plate is to be used and results
recorded here. In summary, the process requires measurement of system supply
static pressure with a static pressure tap; this is the Normal System Operating
Pressure (NSOP). The system filter is then replaced with TrueFlow (spacers
added as needed) and the supply static pressure remeasured (this pressure is called
the True Flow System Operating Pressure (TFSOP)). The pressure drop across
the plate (red and green hoses) is recorded and the raw flow in CFM recorded. If
the NSOP and TFSOP differ, a correction is needed (the correction is found on
the look up cards supplied with the TrueFlow).

If the TrueFlow cannot be used because of physical obstacles or other problems,
use the Duct Blaster matching method (procedure found on worksheet at end of
the Forms tab). If using this method, make sure to double-check the supply
plenum pressure reached during the test and correct the apparent flow as needed
(correction process described fully on Duct Blaster matching worksheet).

PTCS Air-Source Heat Pump Installation Resource Book
Section 3 - 2



Charge/Performance Page

Refrigerant charge evaluation relies on measurement of operating pressures and
comparison to pressures specified by the manufacturer. The specified pressures
correspond to measured ambient (and, perhaps, indoor) temperatures.
Occasionally, the outdoor unit arrives improperly charged and a check of
operating pressures could indicate a problem.

Take special care to follow manufacturers’ instructions when evacuating and
brazing refrigerant lines. Detailed instructions can be found in Tabs 6, 9, and 10.

Refrigerant line set length and any adjustments shall be recorded. Most systems
utilize liquid/suction line sizes that require adding (removing) about 0.6 0z of
refrigerant for every foot of piping above (below) the standard set length
(typically 15 or 25 feet depending on the system). Use a reliable scale with fresh
battery (if applicable). Check the manufacturer’s installation instructions to
determine the proper adjustment amount.

When running the performance check, make sure system runs for at least 15
minutes in compressor-only mode before taking measurements. It is intended the
system be in full capacity when tested, or, at least, in the capacity tested that
corresponds to the airflow tested.

If operating pressure(s) are not within limits suggested by the manufacturer, re-
check lineset adjustment amount. Additional testing may be needed to confirm
proper charge.

When checking outdoor temperature, use a digital thermometer and reliable,
calibrated thermocouple to take measurements.

It is recommended (but not required) that the temperature split across the indoor
coil be measured and recorded. This information is very useful as a cross-check
on system performance and has direct bearing on occupant comfort.

PTCS Air-Source Heat Pump Installation Resource Book
Section 3 - 3






Notes on Auxiliary Heat Controls and Thermostats

The PTCS specifications now place great emphasis on control of auxiliary (“strip”) heat.
In many parts of the NW, if the system is sized properly, the ducts are tight, and the
airflow is good, the number of hours that backup heat SHOULD operate is expected to be
relatively few. The last thing needed in this chain, though, is reliable lockout of auxiliary
heat operation when outdoor temperature is relatively mild. “Relatively mild” in PTCS
terms is 35° F.

Note we are not talking about use of strip heat on a normal, stage 1 heating call. This is
definitely not allowed in the program, whether it is via hard-wiring or the result of a
discharge air sensor (discussed below).

Control of auxiliary heat cannot be left up solely to the indoor thermostat through
adaptive recovery or similar means. Adaptive recovery is effective if the homeowner
does not use deep setback and does not adjust the thermostat frequently during occupied
periods. Thermostat studies tend to show, however, that people do all sorts of things with
the controls. With heat pumps, this tends to encourage strip heat usage even when it is
not needed to keep the house at setpoint. Since PTCS is primarily about energy
efficiency, more needs to be done to control strip heat.

Control will differ depending on the type of thermostat or overall control package. Many
newer thermostats are equipped with an outdoor sensor (or it can be added as an option)
and the temperature at which the elements can come on is programmed at the thermostat.
In these cases, the installer needs to make sure the sensor works (usually by testing
resistance vs. measured temperature; a common sensor is a thermistor), hook up the
sensor, program in the cut out temp, and then confirm the strips don’t operate (assuming
the ambient testing temperature is above the cut-out temperature). If the ambient
temperature is below the cut-out temperature, it will be necessary to warm up the sensor
to make sure it has the intended effect.

Another option is use of an after-market
close-on-fall switch, whether adjustable
or fixed-temperature. The switch must
be wired in series with the auxiliary heat
circuit, so there needs to be a spare
control wire between indoor and outdoor
unit to allow this if it is installed in the
usual way. The installer must keep this
in mind during installation. Before this
control is installed, its operation must be
confirmed; the best way to do this is to
place its sensing bulb in a solution of ice
cubes and dilute salt water (temperature
near 32° F), attach an

PTCS Air-Source Heat Pump Installation Resource Book
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ohmmeter between the control terminals, and turn the adjustment dial until the circuit
is closed (resistance on ohmmeter goes from infinite to O or near 0). If the circuitry
does not make/break right around 32° F, the control will have to be exchanged for
another control. The use of a more accurate, refrigeration-type 35° F fixed
temperature control (such as the PSG ACC S-35) is strongly encouraged. Place the
sensing bulb for the control in accordance with the manufacturer’s instructions.
Before installation is considered complete, confirm the emergency heat circuit
energizes the strips. Also, as part of this installation, make sure the auxiliary and
emergency heat circuits are controlled separately; if they are not, a different
thermostat or other wiring work-around will be needed. (See cut sheets on following
pages for more details.)

An alternate method of getting the same effect (and one not requiring an extra wire
before indoor and outdoor units) is an additional thermostat installed inside the house
(and set to 35° F) in series with the auxiliary heat circuit. This is somewhat
unorthodox but avoids having to get into the outdoor and indoor unit control wiring

Some new systems rely on discharge air sensors to control the transition from
compressor-only heating. Typically these sensors operate on a 4-5 minute delay
before bringing on strip heat. The PTCS specifications do not allow use of these
sensors in single-stage compression systems. On systems with multiple compression
stages, discharge sensors are often required. In these cases, PTCS requires a
maximum setting of 85° F for the sensor.

PTCS Air-Source Heat Pump Installation Resource Book
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Thermostats have changed drastically in the last year. Honeywell and others have
introduced touch-screen technology to the residential and commercial markets and it
is proving very successful, primarily because of ease of programming and adjustment.
The price point (around $100) is also attractive. In addition, communicating (three or
four wire) thermostats are becoming more popular. Whichever thermostat is chosen,
it is critical to assure proper operation of Stage 1 heating (compressor-only), Stage 2
heating (usually compressor plus auxiliary heat but second stage of compressor
operation in some systems) and emergency heat. Some of the newer thermostats,
most notably the Honeywell TH8321 series, have a dedicated test mode in the
installer set-up that can be used. This feature speeds up the performance check.

If a zoning control is used, follow instructions to make sure dampers open properly
(since they can be wired backward). If the system depends on a discharge air sensor
for staging, it may be necessary to cool down the sensor to get both stages of
compression in multi-stage systems.

PTCS Air-Source Heat Pump Installation Resource Book
Section 4 - 3
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HEATING & COOLING

Visit www.carrier.com

Thermidistat™ Control

Installation, Start-Up, and Operating Instructions

NOTE: Read the entire instruction manual before starting the
installation.

This symbol — indicates a change since the last issue.
INDEX
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SAFETY CONSIDERATIONS
Read and follow manufacturer instructions carefully. Follow all

local electrical codes during installation. All wiring must conform
to local and national clectrical codes. Improper wiring or installa-
tion may damage Thermidistat Control.

Recognize safety information. This is the safety-alert symbol A
When you see this symbol on the equipment and in the instruction
manual, be alert to the potential for personal injury.

Understand the signal words DANGER, WARNING, and CAU-
TION. These words arc used with the safety-alert symbol. DAN-
GER identifies the most serious hazards which will result in severe
personal injury or death. WARNING signifies a hazard which
could result in personal injury or death. CAUTION is used to
identify unsafe practices which would result in minor personal
injury or product and property damage.
INTRODUCTION

Carricr’s 7-day programmable/non-programmable Thermidistat
Control is a wall-mounted, low-voltage control which combines
temperature and humidity control in a single attractive unit. An
cxtension of Carrier’s. proven line of thermostats, it provides
scparate set points for heating and cooling, and now adds humidi-
fication and dchumidification. Different heating and cooling sct
points and times are programmable for 4 periods per day and 7
days per weck. The Thermidistat Control can also be ficld-
configurcd as a non-programmable thermostat. When operating in
the non-programmable configuration it will still have both tem-
perature and humidity control. Humidify and dehumidify outputs
provide direct control of humidity. Batteries are not used. During
power loss an intcrnal memory stores programs and settings for
unlimited time, and the clock continues to run for at lcast 8 hr.

—| DO NOT connect Fumnace HUM terminal directly to

e

OO

A9B426

HEIGHT (IN.) WIDTH (IN.) DEPTH (IN.)
4378 7-3/8 1-3/8

Fig. 1—Thermidistat Control

INSTALLATION CONSIDERATIONS
POWER

Note that this control does not require batteries and is not "power

stealing.” It docs require 24vac (R and C terminals) of the
low-voltage transformer to be connected to it for proper operation.

It will not operate without these 2 connections.

MODELS

There is a single programmable/non-programmable model for all
applications. It can be configured for AC or HP, 1- or 2-speed
compressor, and for dual fuel installations, allowing it to be used
in place of all Carrier thermostats.

HUMIDIFY EQUIPMENT AND CONNECTIONS

The humidify output connects dircctly to 24vac operated humidi-
ficrs. No other connection or interlock is required. Any of several
installer-selectable operating modes are available.

Thermidistat HUM terminal. This will bypass furnace safety
controls. See Low Voltage Wiring Daigrams and notes for
proper connection.

DEHUMIDIFY EQUIPMENT AND CONNECTIONS

The dehumidify output connccts to the dehumidify input on
variable-speed furnaces and fan coils. Additional dehumidification
is done by controlling the compressor. A varicty of opcrating
modes are available.

OUTDOOR TEMPERATURE SENSOR

Optimum performance is obtained when an outdoor temperature
sensor is used with the Thermidistat Control. Plan installation so
that 2 wires can be run from Thermidistat Control to an outdoor
location, preferably on the north side of the house or refer to
Installation Instructions included with the outdoor temperature
sensor for simplified conncction. Sensor can be mounted to
outdoor unit and existing control wires may be used for its
connection. Details are provided in scnsor instructions.

Manufacturer reserves the right to discontinue, or change at any time, specifications or designs without notice and without Incurring obligations.

Book| 1 4
Tab [misc. [misc.

PC 101 Catalog No. 03TS-TA17 Printed in U.S.A.

Form TSTAT-23SI Pg 1 8-99 Replaces: TSTAT-19SI



; INSTALLATION
Step 1—Thermidistat Control Location

Thermidistat Control should be mounted:

« Approximately 5 ft (1.5m) from floor.

« Close to or in a frequently used room, preferably on an inside
partitioning wall. :

= On a scction of wall without pipes or duct work.

Thermidistat Control should NOT be mounted:

« Close to a window, on an outside wall, or next to a door leading
to the outside.

« Exposed to dircct light or heat from a lamp, sun, fireplace, or
other temperature-radiating objects which could cause a false
reading.

« Close to or in direct airflow from supply registers and return-air
registers.

« In arcas with poor air circulation, such as behind a door or in
an alcove.

Step 2—Set DIP Switches

There is a 4 section DIP switch within the Thermidistat Control

which must be properly set by the installer. It is easiest to set these

4 switches before the Thermidistat Control is mounted to the wall,

so STOP and complete the following steps:

1. Open hinged Thermidistat Control cover.

2. Remove cover completely by snapping it apart at hinge.

3. Open Thermidistat Control by pressing back half of the right
end of plastic case inward while, at the same time, pulling
front and back halves apart at the right end. The 2 halves will
swing apart.

4. Snap hinge apart to completely separate the 2 halves.

5. Switches are located in upper right comer of circuit board. To
change switch position, use comer of a small screwdriver to
slide switch to opposite position.

6. After switches have been set, do not reassemble the 2 halves.
The rear plastic will first be mounted to the wall.

SWITCH 1—AC/HP SELECT

Use this switch to select between air conditioner and heat pump
systems.

TO SET:

OFF—for air conditioner installations. This is factory default.
ON—for heat pump installations, using cither a fan coil or furnace
(dual fucl).

SWITCH 2—1 SPEED/2 SPEED

This switch tells the system whether the compressor is 1 or 2
speed.

TO SET:

OFF—for single-speed compressor. This is factory default.
ON—for 2-spced compressors, whether AC or HP.

SWITCH 3—SMART/CONVENTIONAL RECOVERY

Sclects between conventional and smart recovery from setback.
Conventional recovery changes to new set point at programmed
time. Smart recovery, which is active in both heating and cooling,
starts 90 minutes carlicr and smoothly adjusts set point so room
will arrive at programmed temperature at programmed time.

TO SET:

OFF—for smart recovery. This is factory default.

ON—for conventional recovery.

SWITCH 4—INSTALLER TEST OFF/ON

Selects a special installer test mode which assists with system
startup and checkout. See Step 5, System Startup and Check-out.

TO SET:
OFF—for normal operation. This is factory default.
ON—for installer test mode.

Step 3—Install Thermidistat Control

Before installing Thermidistat Control, tum off all power to
equipment. There may be more than 1 power disconnect.
Electrical shock can cause personal injury or death.

1. Turn off all power to equipment.
2. If an existing thermostat is being replaced:
a. Remove existing thermostat from wall.
b. Disconnect wires from existing thermostat, 1 at a time.

c. As each wire is disconnected, record wire color and
terminal marking.
d. New or additional wire may be needed to accommoda
added humidity outputs. :
e. Discard or recycle old thermostat.
NOTE: Mercury is a hazardous waste and MUST be disposed of
properly.

3. Select Thermidistat Control rear plastic. (If it is not separated
from the remainder of the Thermidistat Control, refer to Step
2 above.)

4. Route wires through large hole in rcar plastic. Level recar
plastic against wall (for aesthetic value only—Thermidistat
Control need not be leveled for proper operation) and mark
wall through 2 mounting holes.

5. Drill two 3/16-in. mounting holes in wall where marked.

6. Secure rear plastic to wall with 2 screws and anchors
provided. Additional mounting holes are available for more
secure mounting if needed. Make sure all wires extend
through hole in mounting base.

7. Adjust length and routing of each wire to reach proper
connector block and terminal on rear plastic with 1/4-in. extra
length. Strip only 1/4 in. of insulation from each wire to
prevent adjacent wires from shorting together when con-
nected.

8. Match and connect equipment wires to proper terminals of
each connector block. (See Low Voltage Wiring Diagram
Reference Chart and Figs. 1 through 28 in separate Wiring
Diagram literaturc). Remember R and C must be connected
for proper operation.

Improper wiring or installation may damage Thermidistat
Control. Check to make surc wiring is correct before proceed-
ing with installation or turning on power.

9. Push any excess wire into wall and against rear plastic. Seal
hole in wall to prevent air leaks. Leaks can affect operation.

10. Rcattach Thermidistat Control body to rear plastic by first
reattaching hinge.

11. Close Thermidistat Control assembly, making surc pins on
back of circuit board align with sockets in connector.

12. Turmn on power to equipment.

On power up, all display segments will light for 5 sec. For the next
5 sec, a 2-digit code appears on large display which identifies
Thermidistat Control configuration:

1. AC—for l-spced air conditioner
2. HP—for 1-speed heat pump



. A2—for 2-speed air conditioner

. H2—for 2-speed heat pump

. dF—for 1-speed dual fuel

. d2—for 2-speed dual fuel

. HS—for 1-speed heat pump with Intelligent Heat Staging
(3-stage auxiliary heat with 40FK, FK4C, or FV4A Series fan
coils.)

When this identifier disappears, normal operation begins. The

MODE control should be set to OFF and FAN control to AUTO,

s0 equipment does not start until further configuration and check-

out is completed.

Step 4—Set Thermidistat Control Configuration
Configuration options, like DIP switch settings, are intended to be
selected at installation and normally are not modified by the
homeowner. These options are not discussed in the homeowner’s
manual and therefore must be made as part of the installation. A
special procedure allows entry into the configuration mode. While
in configuration mode, up to 17 selections can be made. A
description of each sclection and how to use the configuration
mode follows.

CONFIGURATION OPTIONS — SUMMARY:

Option 1—Anticipator adjustment

Option 2—Clean filter timer adjustment

Option 3—English/Metric selection

Option 4—Fan (G) ON with W selection

Option 5—Variable-speed blower present selection

Option 6—Cooling lockout below 55° selection

Option 7—Variable-speed super dehumidification selection (only
available when variable-speed blower is used)

Option 8—Auxiliary heat lockout temperature setting (only avail-
able when heat pump is used)

Option 9—Intelligent Heat Staging selection (only available when
single-speed heat pump is used)

Option 10—Dual Fuel selection (only available when heat pump is
used)

Option 11—Balance point setting (only available when Dual Fuel
is selected)

Option 12—Defrost heat selection (only available when heat pump
is used)

Option 13—Room temperature offset adjustment

Option 14—Heat/cool dead band adjustment

Option 15—Enable Auto mode

Option 16—Enables Super Comfort Heat Mode

Option 17—Non-Programmable selection

TO ENTER CONFIGURATION MODE:

Press and hold FAN button for approximately 10 sec until COOL
set point display indicates a flashing 1. The Thermidistat Control
is now in configuration mode. It will automatically exit this mode
if no button is pressed for 3 minutes. Pressing END button will exit
configuration mode immediately.

WHILE IN CONFIGURATION MODE:

The upper small (COOL set point) display indicates selected
option number and large display indicates selection made within
that option. One of these will be flashing. The up and down buttons
are used both to move between available options and to make
selection for each option. When option number (small display) is
flashing, up and down buttons adjust it, moving between available
option numbers. After desired option number has been selected,
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press SET TIME/TEMP button once. The large display will now
flash, indicating that up and down buttons now control available
choices within that option. Each press of TIME/TEMP button
switches between available option (small display) and available
selections within each option (large display).

CONFIGURATION OPTIONS — SELECTION:

Option 1—Anticipator Adjustment

This adjustment controls sensitivity and cycle rate of Thermidistat
Control. Higher numbers decrease sensitivity and slow cycle rate.
Lower numbers increase sensitivity and cycle rate. However, a
limiting feature will not allow more than 4 cycles per hr, regardless
of setting. Anticipator values can range from 1 to 9. Factory
default is 3. This default selection provides optimum performance
in nearly all installations. Try it first. Do not change setting unless
there is evidence of need to do so.

Unlike conventional anticipators, this setting is not determined by
current draw. There is no need to measure, know, or compensate
for current draw. There is also no droop with this Thermidistat
Control. Regardless of setting and number of stages, both heating
and cooling will control to their respective set points.

TO ADJUST:

1. Enter configuration mode if not already there. See Step 4 "To
Enter Configuration Mode." The upper small (COOL set
point) display will be flashing 1. If not, usc up and down
buttons to move it to 1.

2. Press SET TIME/TEMP button once to flash current selection
of 1,2,3,4,5,6,7, 8, or 9 on large display. Factory default
is 3.

3. Use up and down buttons to move between available choices.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode. )

Option 2—Clean Filter Timer

Select hours of blower operation (heating, cooling, or fan) before
CLEAN FILTER icon is displayed. With OFF selected, icon will
never come on, disabling this feature. Time selection can range
from 400 to 3600 hr by selecting numbers 1 through 9. (Time is
400 X number selected.) Factory default is 2 (800 hr). Recom-
mended selections are: disposable filter—400 to 800 hr, media
filter—1200 to 1600 hr, or electronic air cleaner—1600 to 2400 hr
of blower operation.

TO SELECT OR ADJUST:

1. Enter configuration mode if not already there. See Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 2.

2. Press SET TIME/TEMP button once to flash current selection
of OF, 1,2,3,4,5,6,7,8, 0or9 on large display. Factory
default is 2.

3. Use up and down buttons to move between available choices.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.

Option 3—English/Metric

Select between Fahrenheit and Celsius operation. Factory default
is Fahrenheit.
TO SELECT OR ADJUST:

1. Enter configuration mode if not already there. See Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 3.

2. Press SET TIME/TEMP button once to flash current selection
of F or C. Factory default is F.



3. Use up and down buttons to move between F and C on large
display.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.

Option 4—Fan (G) On With W

This selection determines whether fan (G) output is to be ON or

OFF when any W (furnace or strip heat) output is ON. Most

funaces and fan coils manage their own blowers and do not

require separate G signal. For these applications, select OFF. Some
auxiliary heaters requirc scparate G signal to turn on blower. In
this case, select ON. Factory default is OF (off).

TO SELECT:

1. Enter configuration mode if not already there. See Step 4 "To
Enter Configuration Mode." Usc up and down buttons to make
small (now flashing) display indicate 4.

2. Press SET TIME/TEMP button once to flash large display.

3. Use up or down buttons to altcrnate between OF and ON on
large display. Factory default is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.

Option 5—Variable-Speed (ICM) Blower

If furnace or fan coil contains a variable-spced (ICM) blower, set
this option to ON. For normal (PSC) blowers, set to OF. This
selection cnables system to usc special features available only in
units with an ICM blower. Factory default is OF (off).

TO SELECT:

1. Enter configuration mode if not already there. Sec Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 5.

2. Press SET TIME/TEMP button once to flash large display.

3. Use up or down buttons to alternate between OF and ON on
large display. Factory default is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.

Option 6—Cooling Lockout Below 55°F

This option disables cooling ‘when outdoor temperature is below
55°F. It requires an outdoor temperature sensor. Set to OF to allow
cooling below 55°F. Set to ON to prevent cooling below 55°F.
Factory default is OF (off).

TO SELECT:

1. Enter configuration mode if not already there. Sce Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 6.

2. Press SET TIME/TEMP button once to flash large display.

3. Use up or down buttons to alternate between OF and ON on
large display. Factory default is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for sclection of another option, or press END to exit
configuration mode.

Option 7—Variable-Speed Superdehumidify

This option requires prior sclection of variable-speed (ICM)
blower (Option 5). When selccted, this option opcrates blower at
further reduced airflow from that of normal dehumidification when
there is a dehumidification demand without a cooling demand,
achieving maximum humidity removal with minimum cooling. It
is done by supplying blower witha Y signal and no G signal on a

call for cooling. NOE all PrOUUGLS WILI 1LIYE Uiuyeis sners —oe
feature. Check Installation Instructions for ICM air handler used.
Select OF for normal operation (Y and G supplicd on a cooling
call). Sclect ON for super dehumidification (Y with no G on a
dehumidify only call). Factory default is OF (off).

TO SELECT:

1. Enter configuration mode if not already there. See Step 4 "To
Enter Configuration Mede.” Usc up and down buttons to make
small (now flashing) display indicate 7.

2. Press SET TIME/TEMP button once to flash large display.

3. Use up or down buttons to alternate between OF and ON on
large display. Factory default is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.

Option 8—Auxiliary Heat Lockout Setting

This option requires prior sclection of heat pump (DIP switch I—
ON). It allows selection of an outdoor temperature of 5° through
55°F. (or equivalent values in C), or OF (off). Auxiliary heat
(furnace in Dual Fuel applications) is prevented from operating for
outdoor temperatures above sclected temperature. If OF (off) is
selected, auxiliary heat (farnace if Dual Fuel) operation is allowed
at all outdoor temperatures. If selected, cmergency heat (EHEAT)
overrides this feature. Factory default is OF (off). This sctting can
only be equal to or above the setting choice made for Option 11.
Moving this setting lower may “push’ Option 11 setting down-
ward.

TO SELECT:

1. Enter configuration mode if not already there. Sce Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 8.

2. Press SET TIME/TEMP button once to flash large display.

3. Use up or down buttons to move between OF, 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, or 55 on large display. Factory default
is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for sclection of another option, or press END to cxit
configuration mode.

Option 9—Intelligent Heat Staging

This option requires prior sclection of single-speed heat pump
(DIP switch 1—ON, DIP switch 2—OF). It provides 3 stages of
clectric heat from W1 and W2 by sequencing W1 only, then W2
only, then both W1 and W2. See FK or FV Serics Fan Coil
Installation Instructions for further information. For 3-stage heat,
select ON. For normal 1- or 2-stage heat, sclect OF. Factory
default is OF (off).

TO SELECT:

1. Enter configuration mode if not already there. Sce Step 4 "To
Enter Configuration Mode." Use up and down buttons to make
small (now flashing) display indicate 9.

2. Press SET TIME/TEMP button once to flash large display.

3. Usc up or down buttons to alternate between OF and ON on
large display. Factory default is OF.

4. Press SET TIME/TEMP button again to flash upper small
display for selection of another option, or press END to exit
configuration mode.




SERVICE PROCEDURES

Anticipator system.
Measure voltage in anticipator circuit as follows:
Expected Reading
, Test Point Lv. For Normal
Outdoor Temp. Term. Board Operation
70° F. or above RtoT 22 volts
70° F. or above BtoT 2 volts
30° F. RtoT 19 volts
30° F. BtoT 5 volts
0°F. RtoT 15 volts
0°F. BtoT 9 volts

NOTE: If anticipator circuit is open thermostat
will be 6 degrees to 8 degrees out of calibration.

Thermostat Calibration Test

Allow indoor temperature to remain at thermostat off
point temperature at least one hour prior to test.

Place thermometer at thermostat location. Allow time
for thermometer to stabilize.

Record temperature reading.

If thermostat is out of calibration replace thermostat.

Adjustments

Cover thermometer — screw adjustment on back of
cover. _

Heat/cool anticipators — voltage type non-adjustable.
Mercury calibration — adjustments not recommended.

SP126 — OUTDOOR THERMOSTAT — AY28X125

The AY28X125 full range outdoor thermostat is ad-
justable from 40° F. to -10° F.

The AY28X125 is a single pole, single throw tempera-
ture operated device that closes on a temperature drop.

The temperature dial should be set at the temperature
desired to energize the electric heater stage to be con-
trolled.

Checking outdoor thermostat operation.

Connect an ohmmeter to the outdoor thermostat ter-
minals.

Set the ODT temperature dial at 40° F. Place the
ODT sensing element in a solution of 1 pint water, ice
and a teaspoon of table salt.

Ohmmeter should read zero ohms when the sensing
element is sufficiently chilled.

RX1 ®

L@ OHMMETER @1

CHECK OUTDOOR
THERMOSTAT CALIBRATION

Figure 126-1
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Warm the sensing element, contacts should be open
outdoor thermostat calibration.

Connect an ohmmeter to the outdoor thermostat ter-
minals. (Fig. 126-1)

Immerse the outdoor thermostat sensing element in
ice water.

Measure the ice water temperature. Stir the ice water
until 32° F. is indicated by the thermometer.

Slowly rotate the outdoor thermostat temperature dial
until the ohmmeter indicates closing of the outdoor
thermostat contacts.

Outdoor thermostat dial should indicate 32° F. + or -
5°F.

If more than 5° F. error in dial reading exists at 32°
F.ice water, replace the outdoor thermostat.

If the outdoor thermostat is within 5° F. dial indica-
tion at 32° F. ice water, set the dial to the desired elec-
tric heater energizing temperature.

SP130 — CHECKING RELAYS, CONTACTORS,
SOLENOID COILS

Magnetic relays, coils, and solenoids may have coils
rated at any AC or DC voltage. The device will have its
coil voltage rating stamped or printed on the device.

Be sure that the voltage applied to the coil is within
10% of the voltage rating.

Power Off Checks on Magnetic Coil
and Contacts.
Disconnect the magnetic coil from the power source.
Check the coil for continuity with an ohmmeter. (Fig.
130-1)
If the coil is open or shorted, replace the coil or relay.
Visually inspect the coil for discoloration or loose ter-
minals.
Inspect the contacts for excessive burning or foreign
materials.
Inspect the return spring for rust or disfiguration.
Manually close the relay or contactor and measure the
contacts for resistance with an ohmmeter. Resistance
across the contacts should be zero ohms.

Power On Checks for Coils and Contacts

With power on and the load connected to the relay or
contactor, measure the voltage supply to the magnetic
coil. Voltage to the coil should be within 10% of the coil
rating. Voltages lower than 10% of coil rating may cause
failure of the device to operate or cause the device to
chatter.

Measure the voltage across the closed contacts of the
relay or contactor. Voltage across closed contacts with
the load connected should be zero volts. Any voltage
measured across closed contacts indicates excessive con-
tact resistance. The contacts or device should be re-
placed.

Excessive humming noise produced by a magnetic re-
lay or contactor may be caused by mechanical misalign-
ment, binding, rust, excessive spring tension or low volt-
age to the coil.

Never adjust the relay or contactor return spring ten-
sion. Contact closing time is determined by return spring
tension. Any adjustment will cause premature failure of
the contacts.

If contacts indicate excessive burning, check the cir-
cuit current draw against the contact rating of the device.



INSTRUCTIONS
OT-10 and FCX CLOSE ON RISE (COOLING TYPE)
OT11 and FHX CLOSE ON FALL (HEATING TYPE)

For specific load and voltage ratings, refer to unit.

THEORY OF OPERATION

OT controls incorporate a pre-set sensor which activates
‘internal SPST solid state circuits. ACCUSTAT sensors are
hermetically sealed and calibrated to the indicated
temperalure settings.

As room temperature increases, the rising column of mercury
inside the sensor comes in contact with platinum electrodes.
When contact is made, solid state circuitry is activated. The
solid state switch turns the heating system off or the cocling
system on, depending on thermostat type.

As room temperature drops, the column of mercury falls and
the solid state switch turns the heating system on or the
cooling system off, again depending on stat type.

J

THERMOSTAT

—

T T MOUNTING  BQACKET

; CABLE Tie

o)

GENERAL INSTRUCTIONS
1. CAUTION: Make sure that power is OFF before attempting
installation.

2. All wiring must comply with application codes and ordinances.

3. On systems using low voltage gas valves, never apply a
jumper across valve coil terminals. A burn oul of the

\ thermostat's solid state components may resull.

4. A thorough checkout of system should be made after

installation.

TESTING

«In order to test with a voltmeter, the STAT must have voltage

applied to its terminals. Connect all wires as illustrated in the
wiring diagrams.

. CAUTION

To prevent damage to the STAT when measuring voltage
across STAT terminals, use only a voltmeter or multimeter.
NEVER use an electromechanical voltage indicator such as a
: Wigginton type tester,

. OPERATIONAL CHECK OUT

_ﬁWhen the STAT is “Call’, the voltage read at the STAT terminals
should be 3 volts or less. When the STAT is in “No Call’, the voltage
read at the STAT lerminals should be the supply voltage.

NOT
ACCEPTABLE

OR
arFLow T |

f/

!

-

AIRFLOW

i
)
AIRFLOW

Install units as shown with airflow orientation.

PSG Limited, L.L.C.

SETTING NEW STANDARDS IN TEMPERATURE CONTROLS

1225 Tunnel Road = P.O. Box 157 = Perkasie, PA 18944
[215) 257-3621 « FAX: (215) 257-4288

9510-0082 .



Notes on Setting and Measuring Airflow

The PTCS specifications recommend system airflow of between 375-425 CFM per ton of
nominal system capacity. The minimum airflow needed to maintain system capacity and
efficiency is 350 CFM/ton. This flow should be attainable in any new system if ducts are
properly designed and the fan control is correct. For retrofit systems, it can be more
challenging to attain this flow, especially with a PSC (permanent split capacitor) air
handler motor. Electrically commutated motors (ECMs) will generally deliver the needed
flow even if ducts present more challenges; however, if ducts are undersized, the
resistance to flow will increase and this can cause problems for ECMs (higher energy
usage and premature failure). For this reason, the procedure requires measurement of
external static pressure at the outset of flow
| SUPPLY testing.

+ To Gauge

For heat pumps, this is a straightforward
process. Measure static pressure in the return
plenum (downstream of the system filter) and
in the supply plenum WRT the area outside of
D the plenum and add the values together (neglect

minus sign on return pressure). Use a static

]
' pressure tap with tip pointed into the flow of

L o] * * air. Values over 0.8” of water (200 Pa) should
be considered excessive and the technician

. should see if adjustments (changing filters,

unblocking registers, cleaning the coil, etc.) or

& repairs (duct upsizing, adding ducts, etc) can be

made.

- _ To Gauge
mmzj External static readings of 0.8” or more will
—_] RETURN generally result in substandard system flow for
AIR FLOW PSC fans (which will be noticed in the

TrueFlow test); ECM fans will pass the flow

test in this case (unless there is some other
problem) but will use more energy to get this flow and may fail within a few heating
seasons.

FILTER
[ T

It is important to make sure there are no obstructions near the TrueFlow. These can
include coil brackets, top of the cooling coil, and other items. Another problem can be
with downflow systems that have non-radius entering ductwork. If the control board is set
to deliver at least 350 CFM/ton and the reading is still very low, it may be necessary to
use the Duct Blaster matching method to confirm flow. See the worksheet in this section
or in the Forms tab to use this procedure.

What about adjusting fan flow? In standard PSC systems, this is usually accomplished by
checking which fan tap wire is energized during a normal heating call and changing the
wire as needed to get a different flow. The old color conventions were usually Red-low
speed; yellow-medium low speed; Blue-medium high speed; Black-high speed.

PTCS Air-Source Heat Pump Installation Resource Book



ECM fans are generally controlled by a set of DIP or pin settings found on the
main system printed circuit board (as shown in the next picture). In this context, it
IS important to make sure the board is set up with the right combination of
settings. First, make sure to set the “size” pin to the right capacity for the outdoor
unit. Next, note many manufacturers start with a factory default of 350 CFM/ton
for the heat pump “efficiency” setting; the “comfort” setting default is usually
about 325 CFM/ton. The “high” and “low” adjustment pins go about 10%
above/below the nominal flow. So if you leave the system on a “comfort” setting
and also use the “low” bias pin, your system may only be moving about 300
CFM/air. This is too low for the PTCS program.

If testing a heat pump system which incorporates a zoning control, make sure all zones
are open when the testing is done. You will have to educate yourself about the system by
looking at installation instructions. See the appendix in this book for some of the more
common zoning control systems. If the ductwork contains a bypass damper, make sure
you take this into account when testing. This matters more with duct testing but can
occasionally complicate airflow tests.
Figure 9-28. Note systems which use zoning controls
Accessory Wiring Terminals on a Typical Fan Coil Unit Control Boord ~ and ECM fans should not require a bypass
damper.
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9.

Measuring System Airflow with Duct Blaster
(alternate procedure if TrueFlow cannot be used)

Turn on air handler (by using fan-only switch or by turning on heat/AC). Itis
best to call for the flow that will be used during heating.

Drill access hole as needed and point hooked end of static tap into airflow. Do
not drill into the duct at any point where you are concerned with hitting
something. Note if fan is variable speed and note expected flow given size of
unit and DIP or other settings on system control board.

Record normal system operating pressure (NSOP) as described in flow plate
test.

Next, install split between supply and return so that all air flowing through
Duct Blaster will go into supply side.

Install Duct Blaster on furnace. Ingenuity with cardboard and duct tape is
often needed.

Turn on air handler to heating speed.

Turn Duct Blaster on and slowly increase flow until the supply plenum
pressure is the same as NSOP.

Check to make sure the pressure in the return system is 0 or very close to 0
(to confirm system split is good).

Record Duct Blaster flow pressure, ring#, and CFM.

NSOP Pa

Ring #

Flow pressure Pa
Air Handler flow CFM

Note: if highest pressure reached is not NSOP, a correction is needed.

Record highest pressure reached (HPR)
Correction: take square root of (NSOP/HPR)
And multiply by Air Handler flow (from above)

This is the corrected flow:



TABLE 3
FILTER DIMENSIONS
FILTER SIZE
UNIT MODEL NO. n nichios {1ym)
CB31MV41 [ 20x22 (508 x 559)
CB31MV-51, 65 [ 20x24(508x610)
[Sealing the Unit ]

The unit must be sealed to prevent warm air from entering.
If air is allowed to penetrate the unit, problems with water
blow-off may occur. This is especially important when the
unit is installed in an unconditioned area. Make sure the lig-
uid and suction line entry points are sealed with either the
provided Armaflex material or with Permagum. Permagum
may also be used to seal around the main and auxiliary
drains and around open areas of electrical inlets.

{BDC3 Blower Control Board ]

CB31MV units are equipped with a variable speed motor
that is capable of maintaining a specified CFM throughout
the extemal static range. A particular CFM can be obtained
by positioning jumpers (COOL, HEAT, and ADJUST) on
the BDC3 control board. The jumpers are labeled 1, 2, 3,
and 4. Each of the numbers corresponds with an air volume
(CFM) setting. The ADJUST jumper is labeled Test, -, +,
and Norm. The + and - pin settings are used to add or sub-
tract a percentage of the CFM selected. The Test jumper is
used to operate the motor in the test mode. The delay jump-
er controls the timing for the fan delay.

Figure 17 shows the BDC3 control board. Use tables 5 and
6 to determine the correct air volume for heat and cool
speed taps.

Diagnostic LEDs located on the BDC3 control board are
provided to aid in identifying the unit's mode of operation.
Certain scenarios will arise depending on the jumper posi-
tions. Read through the jumper settings sections before
adjusting blower speed. Refer to figure 17 for identification.

.

| Blower Speed Adjustments

Diagnostic LEDs
IIRUN"

RUN LED indicates there is a demand for the blower motor
to run.

licFMll
CFM LED indicates the CFM at which the unit is operating.
The light flashes once for approximately every 100 CFM.
For example, if the unit is operating at 1000 CFM, CFM
LED will flash 10 times. If the CFM is 1150, CFM LED will
flash 11 full times plus one fast or half flash.

At times the light may appear to flicker or glow. This takes
place when the control is communicating with the motor be-
tween cycles. This is normal operation.

The appropriate speed according to application and CFM
need is selected by moving jumper pins.

BDC3 VARIABLE SPEED CONTROL BOARD SELECTIONS
O slelelE O JP1
JP1 & ,O \01 ol ‘-_________._--"'_'- 15 PIN PLUG
Sl \ (BOARD TO MOTOR)
o o -] o
LENNOX
ACCESSORY RELAY CONTACTS Lo :
(DRIVES OPTIONAL ACC
ACCESSORY RELAY) 24VHA O
Y DIAGNOSTIC
== / LEDS
NORMnn4 ool 4 oo|4 /
a ol * ool3 oo|l3 oal3
ool - oo 2 oo 2 ao 2
OPERATIONAL Cu N = ! ; C=
SELECTOR PlNIS ADJUST HEAT cooL DELAY CFM  RUN
(Affects both heating
and cooling modes) O // \‘ O
HEATING SPEED COOLING SPEED ~N FAN DELAY
SELECTOR PINS SELECTOR PINS SELECTOR PINS
FIGURE 17
Page-&

s



Jumper Settings

A IMPORTANT

Before changing jumper setting. make sure the mo-
tor has completely stopped. Any jumper setting
change will not take place while the motor is running.

Table 4 shows the recommended factory blower speed tap
selections for CB31MV series units. These settings are for
nominal tonnage match-ups with the CB31MV. When
matched with other sizes, it is recommended that the CFM
be adjusted to approximately 400 CFM per ton.

TABLE 4
RECOMMENDED BLOWER SPEED TAP SELECTION
SPEED TAP SELECTION
"COOL“ IIH EAT"
CB31MV :
BLOWER et | ey
COIL | CONDENS- | HEAT iy PUMP WITH
INGUNIT | pPump [  WITH [ ElecTRIC
HEAT
HEAT ONLY
g CooL | cooL HEAT HEAT
PIN#3 |PIN#3 | PIN#4 PIN #4
o cooL | cooL HEAT HEAT
. PIN#2 | PIN#2 |  PIN#1 PIN #1
= CoOL | cooL HEAT HEAT
PIN#3 |PIN#3 | PIN#1 PIN #1

*Minimum setting for heat.

To change jumper positions, gently pull the jumper off the pins
and place it on the desired set of pins. The following section
outlines the different jumper selections available and con-
ditions associated with each one. Refer to figure 17.

After the CFM for each application has been determined,
the jumper settings must be adjusted to reflect those given
in tables 5 and 6. From the tables, determine which row of
CFM volumes most closely matches the desired CFM.
Once a specific row has been chosen (+, NORMAL, or -),
CFM volumes from other rows cannot be used. Below are
descriptions of the jumper selections.

“ADJUST”

The ADJUST pins allow the motor to run at normal speed,
approximately 10% higher, or approximately 10% lower than
normal speed. Table 5 gives three rows (+, NORMAL, and -)
with their respective CFM volumes. Notice that the normal
adjustment setting for heat speed position #3 is 1315 CFM.

The + adjustment setting for that position is 1445 CFM and for
the - adjustment setting is 1185 CFM. After the adjustment
setting has been determined, chose the remainder speed
jumper settings from those offered in the table in that row.
The TEST pin is available to bypass the BDC3 control and
run the motor at approximately 70% to test that the motor is
operational. This is beneficial primarily in troubleshooting.
G must be energized for motor to run.

“cooL”
The COOL jumper is used to determine the CFM during ei-
ther 1) cooling or 2) heat pump operation without a call for
electric heat. These jumper selections are activated for
cooling when Y2 and DS terminals in the CB31MV are en-
ergized and for heating when Y2 is energized.
Applications without the EfficiencyPlus™ CCB1 humidity
control will provide either 70% of the COOL CFM during
first-stage cooling for two-speed outdoor units. 100% of
COOL CFM is provided for systems with a single-speed
outdoor unit.
Applications with the EfficiencyPlus CCB1 humidity control
create different CFM volumes. For example, during a first-
stage cooling call (two-speed outdoor unit) with demand
from the CCBA1, the air volume is 40% of the COOL jumper
selection. For a normal COOL (Pin #2 setting for
CB31MV-41), the CFM is 1125; the reduced speed is 450
CFM (1125 x 40% = 450). This arrangement provides for
additional dehumidification during standard first stage
cooling. See tables 7 and 8 for various scenarios concem-
ing use of the CCB1 humidity control and the CB31MV se-
ries unit.

For applications with Harmony II® zone control, the blower
CFM volume is determined by the Harmony Il control center.
The minimum blower speed is predetermined at 650 CFM
for 41 series units and 850 CFM for -51 and -65 series units.
This speed is not adjustable. See footnotes in tables 5 and 6.
With the thermostat set for “Continuous Fan” and without a
call for heating or cooling, the CB31MV will provided 50%
of the COOL CFM selected.

NOTE - For two-speed heat pumps, blower will operate at
70% of the COOL selection until supplemental electric heat
is demanded. At that time, the blower will operate at the
HEAT speed selected. This arrangement provides for
warmer supply air during second-stage heating.
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TABLE 5§

CB31MV-41 BLOWER PERFORMANCE
0 through 0.80 in. w.g. (0 Through 200 Pa) External Static Pressure Range

BDC3 Jumper Speed Positions
“ADJUST" “HEAT” Speed “COOL" Speed*
Jumper 2 3 4 1 2 3 4
cfm s cfm s cfm s cfm | Us cfm Us | cfm s cfm | Us | cfm | Lis
+ 1230 | 580 1335 | 630 | 1445 | 680 | 1545 | 730 | 1090 515 | 1225 | 580 | 1380 | 650 | 1545 | 730
NORM 1120 | 530 1215 | 575 | 1315 | 620 | 1400 | 660 975 460 | 1125 | 530 | 1275 | 600 | 1400 | 660
— 1010 | 475 | 1200 | 565 | 1185 | 560 | 1265 | 595 | 900 | 425 | 1000 | 470 | 1135 | 535 | 1265 | 595
*First Stage (two-speed units only) cooling is approximately 70% of the COOL speed rating.
Continuous fan speed is approximately 50% of COOL speed rating.
Lennox Harmony Il® Zone Control Applications - Minimum blower speed is approximately 380cfm (180 l/s)
NOTE — The effect of static pressure, filter and electric heater resistance is included in the air volumes listed.
TABLE 6
CB31MV-51 AND CB31MV-65 BLOWER PERFORMANCE
0 through 0.80 in. w.g. (0 Through 200 Pa) External Static Pressure Range
BDC3 Jumper Speed Positions
“ADJUST" “HEAT™ Speed “COOL" Speed*
JSl:ztling 2 3 4 1 2 3 4
cfm s cfm Us cfm s cfm Lis cfm s cfm Us cfm Lis cfm s
+ 1850 | 875 1960 | 925 | 2090 | 985 | 2150 | 1015 | 1625 765 | 1820 | 860 | 2055 | 970 | 2145 | 1010
NORM 1705 | 805 | 1800 | 850 | 1900 | 895 | 2005 | 945 | 1425 | 670 | 1625 | 765 | 1805 | 850 | 2005 | 945
- 1560 | 735 1625 | 765 | 1720 | 810 | 1770 | 835 | 1205 570 | 1375 | 650 | 1555 | 735 | 1725 | 815
*First Stage (two-speed units only) cooling is approximately 70% of the COOL speed rating.
Continuous fan speed is approximately 50% of COOL speed rating.
Lennox Harmony |I® Zone Control Applications - Minimum blower speed is approximately 400 cfm (190 I/s).
NOTE — The effect of static pressure, filter and electric heater resistance is included in the air volumes listed.
TABLE 7
TYPICAL CB31MV, CCB1 and SINGLE SPEED OUTDOOR UNIT OPERATING SEQUENCE
OPERATING SEQUENCE SYSTEM DEMAND SYSTEM RESPONSE
*Relative Humidity Blower
Thermostat v
System Condition | Step (EfficiencyPlus CFM Comments
Demand Lights) (cooL)
Compressor demand and indoor
Normal operation 1 i Acceptable (None) COOL | blower speed follow thermostat de-
mand.
Call for humidity 1 Y1 Acceptable (None) COOL | pehumidification mode begins when
removal during call ] o 659, | relative humidity is greater than set-
for cooling 2 Y1 Change over setpoint B(gé"gsof point.
; 60%/65% idi ; ;
i 1 Y1 Over setpoint When humidity demand is satisfied,
S;i‘;’tll‘é‘;'tgudrfnfgatﬂgr_ of COOL | biower immediate shifts to the COOL
mostat demand. 2 Y1 Change to acceptable COOL CFM in order to hasten the end of the
(None) cycle.
*Call for cooling af- | ! None Over setpoint Off Dehumidification mode begins when
ter call for humidity . o./65% | relative humidity is greater than set-
removal. 2 Y1 Over setpoint ?;/(":"gso’ﬁ point.
Humidity demand 1 Koné Over setpoint (1 or Off While unit is not operating (no thermo-
satisfied between more) stat demand), slide switch is moved
thermostat demands down and back up. Blower operates at
(unit off cycle). 2 Y1 Change to acceptable COOL |CcoOL CFM.

Note - When changing unit mode of operation from cooling to heating, indicating lights that are on will stay on until the first ther-

mostat heating demand.
* Reduced blower speed is 65% of COOL for the -41 units; 60% of COOL for -51 and -65 series units.
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VIII-TYPICAL OPERATING CHARACTERISTICS

A-Blower Operation and Adjustment
NOTE- The following is a generalized procedure and
does not apply to all thermostat controls.

1- Blower operation is dependent on thermostat con-
trol system.

2- Generally, blower operation is set at thermostat sub-
base fan switch. With fan switch in ON position, blower
operates continuously. With fan switch in AUTO posi-
tion, blower cycles with demand.

3- In all cases, blower and entire unit will be off when the
system switch is in OFF position.

B-External Static Pressure
1. Measure tap locations as shown in figure 26.

STATIC PRESSURE TEST

— SUPPLY
'\/-_ !

' MANOMETER

UNIT SHOWN IN
UPFLOW POSITION

RETURN

FIGURE 26

2. Punch a 1/4” (6mm) diameter hole in supply and return
air plenums. Insert manometer hose flush with inside
edge of hole or insulation in the supply plenum only. Seal
around the hose with permagum. Connect the other end
of the hose to the zero end of the manometer. Leave the
other end of the manometer open to the atmosphere.

3. With only the blower motor running and the evapora-
tor coil dry, observe and take note of the manometer
reading.

4. Repeat step 2 for the return air plenum. Insert ma-
nometer hose to the opposite end of the zero side of
the manometer. Leave the zero side of the manome-
ter open to atmosphere.

5. Repeat step 3.

6- Add the absolute values of the supply air reading and the
retum air reading to get the extemnal static pressure of the
unit. For example -.20 in.wg. on the retum and +.30 in.wg.
on the supply result in external static pressure of .50 in.wg.
Extemal static should not exceed .80” w.g. (200Pa)
Adjust blower motor speed to deliver the air desired ac-
cording fo job requirements.

7- Seal around the holes when the check is complete.

5-7

IX-MAINTENANCE

At the beginning of each heating/cooling season, the sys-
tem should be checked as follows:

A-Filters

A IMPORTANT

Filter access panel must be in place during unit
operation. Excessive warm air entering the unit

may result in water blow-off problems.

To remove filter, loosen the thumb screws holding the fil-
ter panel in place. Slide filter out of the guides on either
side of cabinet, insert new filter and replace panel. Some
models come with a spacer so standard size filters can
be used. Filters should be inspected monthly and must
be replaced when dirty to ensure proper blower coil op-
eration. See table 10 for replacement filter sizes or see
the sticker located on the filter access door specifying
the size of the standard throw-away filter which is used
with the unit.

TABLE 10
CB31MV FILTER SIZES

Unit Filter Size
20" X 20"
(508mm X 508mm)

20" X 24"
(508mm X 610mm)

CB31MV-41

CB31MV-51,-65

B-Supply Air Blower

1- Check and clean blower wheel.

2- Mofors are prelubricated for extended life; no further Iu-
brication is required.

C-Electrical

1- Check all wiring for loose connections.
2- Check circuit breaker located in unit control box.
3- Check for correct voltage at unit (unit operating).

4- Check amp-draw using a True RMS ampmeter. Typical
clamp-on ammeters do not read current
accurately.

Motor Nameplate Actual

5- Check to see that heat (if applicable) is operating.

D-Insulation

Outdoor piping insulation should be inspected yearly for deteri-
oration. if necessary, replace with same matenials.



Quick Guide TF2 — Using the TrueFlow Air Handler Flow Meter and the DG-700 Gauge

1. Measure the Normal System Operating Pressure (NSOP) with the existing filter in place.

"a) Locate the air handler system filter and replace if it is dirty. 7
b) Install a static pressure probe into the ductwork at one of the 3 locations listed below:

s Insert the static pressure probe into the side surface of the supply plenum. The side of the supply plenum chosen should not have

trunk line, distribution duct or supply register connected to it. The static pressure probe should point into the airstream.

e  Or, insert the tip of the static pressure probe into a "dead-end" comner of the supply plenum. A "dead-end" corner is a corner of the

plenum that does not have a trunk line connection, distribution duct connection or supply register within 8 inches of the corner.

Or, insert the static pressure probe in the side surface of the return plenum. The side of the return plenum chosen should not have a
trunk line, return duct or return register connected to it. The location chosen should also be at least 24 inches upstream from the
TrueFlow Metering Plate, and at least 24 inches downstream from any 90 degree corners or return trunk line connections. The
static pressure probe should point into the airstream. Note: if the Metering Plate will be installed at a remote filter grille, the static
pressure probe may not be installed in the return plenum (i.e. install it in the supply plenum).

¢) Connect a piece of tubing between the static pressure probe and the Channel A Input tap. If the gauge is in the house during the test
procedure, leave the Reference tap on Channel A open. If the gauge is not in the house during the test procedure (e.g. attic, crawlspace),
run additional tubing from the Channel A Reference tap to inside the house.
d) Tum on the air handler fan to the desired speed. Now turn on the gauge and put it the PR/ AH mode by pressing the MODE button 4
times. The icon “NSOP” will begin to flash in the Channel A display. At this point, the gauge is monitoring the real-time Channel A
NSOP pressure, but is not recording the reading. The Channel B display is not active at this time.”
¢) Press the START button to begin the NSOP measurement procedure on TF 70
Channel A. Once the START button is pressed, the NSOP icon stops flashing — 260 r
-
=b. 30
Pa

and the gauge begins recording a long term average NSOP pressure reading on

Channel A. During the measurement procedure, the Channel B display is used as
a timer to let the user know how long (in seconds) the NSOP measurement has NSOP
been active. The longer the measurement time, generally the more stable the PR/ AH LONG
reading typically becomes. In the screen to the right, the measured NSOP pressure :

is 56.7 Pascals (measured over the past 30 seconds).
f) Once you are satisfied with the NSOP reading, press the ENTER key to accept and enter the reading into the gauge. Turn off the air

handler fan, and leave the static pressure probe in place and connected to the gauge on Channel A.

2. Install the TrueFlow Metering Plate in an Existing Filter Slot.

a) Remove the existing filter and set it aside.
b) Choose and assemble the metering plate and spacers needed to match the filter slot size.

Filter Slot Flow Metering Plate Spacer Dimension
(in. x in.) (in. x in.)
Spacer 1 Spacer 2

14 x 20 #4 ————— —————
14 x 25 #14 5x 14 mmnn
16 x 20 #14 2x20 —mmese
16 x 24 #4 2x20 4x16
16 x 25 #14 2x20 5 x16
18 x 20 #14 4x20 P
20 x 20 #20 — I
20 x 22 #20 2x20 e
20x 24 #20 4x20 enmmae
20x 25 #20 5x20 meanme
20 x 30 #20 10 x 20 —emeee
24x24 #20 4 x20 4x24

¢) Install the assembled metering plate into the filter slot. Be sure the front side of the metering plate is facing into the air flow (front side
has two diamond shaped labels on it). The H-channel gasket should provide a seal around the metering plate - all of the air flow should pass
through the metering plate and not around it. Be sure that the ends of the flexible tubing connections attached to the plate's pressure sensing
grids remain out of the filter slot. Occasionally, drilling holes into the ductwork may be required as a pathway for the ends of the flexible
tubing. The flexible tubing can be passed through one of the plate's metering holes if this helps in getting the tubing ends outside of the filter

slot.

e  Obstructions within 6 inches upstream or 2 inches downstream of the metering plate that are blocking air flow through any of the

metering holes may reduce the accuracy of the device.

e  Ifthere is an obstruction and there is a spacer attached to the metering plate, try to install the metering plate so that the spacer is
directly in front of the obstruction (this will minimize the effect of the obstruction on the flow measurement).

Copyright 2003 The Energy Conservatory
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®  Ifthe metering plate is installed directly downstream of a 90 degree bend in the duct
system, and there is a spacer attached to the plate, install the metering plate so that the
spacer is on the inside corner of the bend (see diagram to right).

d) Close the filter access opening. Be careful not to pinch off the flexible tubing connections.
Temporarily seal around the filter slot cover with masking tape to prevent air leakage.

Note: If you are installing the metering plate at the filter grille of a single return duct system, simply push the plate into the empty filter rack.
Make sure that the front of the metering plate is facing out (into the air flow). Keep the filter grille door open for the remainder of the test.

DG-700 Pressure & Flow Gauge

Connect the Metering Plate to the DG-700.
a) Connect the tubing from the installed
metering plate to the DG-700. Connect the Red
("total pressure grid") tubing connection to the -
Channel B Input pressure tap. Connect the

Green ("static pressure grid") tubing

connection to the Channel B Reference

pressure tap. Channel A Input tap

should remain connected to —p K] E

the static pressure probe.

«f—— Connect Red tubing to the
Channel B Input tap

Connect the Green tubing to the
< Channel B Reference tap.

Measure the TrueFlow System Operating Pressure (TFSOP) and Adjusted Total Air Handler Flow.

a) Check and adjust if necessary the selected test Device and Configuration shown in the upper part of the gauge display to match the
metering plate installed in Step 2 above. When using the TrueFlow Metering Plates, the Device icon should always be set to TF, and the
Configuration icon should be set to 14 or 20 depending on which metering plate is installed. Changes to the selected Device and
Configuration are made by pressing the DEVICE and CONFIG buttons.

b) Tum the air handler fan back on to the same speed as used in Step 1 above. TF 55
Channel A will now display the TFSOP reading from the static pressure probe, .
and Channel B will display adjusted air handler flow. The static pressure probe E D '-l i E E
should be in exactly the same position as it was in Step 1 above. The air handler * ADJ '

flow rate estimate shown on Channel B is determined by continuously TFSOP Pa CFM
adjusting the measured air flow from the TrueFlow Metering Plate using a flow PR/ AR LONG

resistance correction factor calculated from the NSOP and TFSOP pressure
readings. If the readings are fluctuating, change the time averaging setting to 5 second, 10 second, or Long-Term average using the TIME

AVG button.
€) Record the adjusted air flow reading from Channel B. In the screen to the right, the adjusted air flow reading is 1,566 CFM. This result

is the estimated air flow at the measurement location with the existing filter in place. Turn off the air handler fan.

Note: When the TrueFlow Air Handler Flow Meter is installed at a remote filter grille, it is possible to make a correction to the measured
flow through the metering plate which increases the accuracy of the flow measurement. See Appendix C of the TrueFlow manual for more

details.
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Quick Guide — Using the TrueFlow Air Handler Flow Meter and the DG-3 Gauge

1. Measure the Normal System Operating Pressure (existing filter in place)
a) Locate the air handler system filter and replace if it is dirty.
b) Install a static pressure probe into the ductwork at one of the 3 locations listed below:

*  Insert the static pressure probe into the side surface of the supply plenum. The side of the supply plenum chosen should not have a
trunk line, distribution duct or supply register connected to it. The static pressure probe should point into the airstream.

* O, insert the tip of the static pressure probe into a "dead-end" corner of the supply plenum. A "dead-end" corner is a corner of the
plenum that does not have a trunk line connection, distribution duct connection or supply register within 8 inches of the corner.

*  Or, insert the static pressure probe in the side surface of the return plenum. The side of the return plenum chosen should not have a
trunk line, return duct or return register connected to it. The location chosen should also be at least 24 inches upstream from the
TrueFlow Metering Plate, and at least 24 inches downstream from any 90 degree corners or return trunk line connections. The
static pressure probe should point into the airstream. Note: if the Metering Plate will be installed at a remote filter grille. the static
pressure probe may not be installed in the return plenum (i.e. install it in the supply plenum).

c) Connect a piece of tubing between the static pressure probe and the Channel A Input tap. If the gauge is in the house during the test
procedure, leave the Reference tap on Channel A open. If the gauge is not in the house during the test procedure (e.g. attic, crawlspace), run
additional tubing from the Channel A Reference tap to inside the house.

d) Turn the CHANNEL knob to 4", the RANGE switch to Low (200.0 Pa) and the MODE switch to Pressure.

¢) Turn on the air handler fan to the desired speed and record the "normal system operating pressure” (NSOP) from the gauge. You may
want to use the 5 second or long-term time-average setting if the reading is fluctuating.

f)  After recording the NSOP, tum off the air handler fan. Leave the static pressure probe in place and connected to the gauge.

2. Install the TrueFlow Metering Plate in an Existing Filter Slot.
a) Remove the existing filter and set it aside.
b) Choose and assemble the metering plate and spacers needed to match the filter slot size.

Fiiter Slot Flow Metering Plate Spacer Dimension
(in. x in.) (in. x in.)
Spacer 1 Spacer 2

14 x 20 #14 P —
14 x 25 #14 5x14 ————
16 x 20 #14 - 2x20 e
16 x 24 #14 2x20 4x16
16 x 25 #14 2x20 5x16
18 x 20 #14 4x20 e
20x 20 #20 JE— ST
20 x 22 #20 2x20 ——vee
20x 24 #20 4x20 ——
20x 25 #20 5x20 e
20 x 30 #20 10x 20 ——
24 x 24 #20 4x20 4x24

¢) Install the assembled metering plate into the filter slot. Be sure the front side of the metering plate is facing into the air flow (front side
has two diamond shaped labels on it). The H-channel gasket should provide a seal around the metering plate - all of the air flow should pass
through the metering plate and not around it. Be sure that the ends of the flexible tubing connections attached to the plate's pressure sensing

grids remain out of the filter slot

*  Obstructions within 6 inches upstream or 2 inches downstream of the metering plate that are blocking air flow through any of the
metering holes may reduce the accuracy of the device.

¢ Ifthere is an obstruction and there is a spacer attached to the metering plate, try to install the metering plate so that the spacer is
directly opposite the obstruction (this will minimize the effect of the obstruction on the
flow measurement).

s Ifthe metering plate is installed directly downstream of a 90 degree bend in the duct
system, and there is a spacer attached to the plate, install the metering plate so that the
spacer is on the inside corner of the bend (see diagram to right).

d) Close the filter access opening. Be careful not to pinch off the flexible tubing connections.
Temporarily seal around the filter slot cover with masking tape to prevent air leakage.

Note: If you are installing the metering plate at the filter grille of a single return duct system,
simply push the plate into the empty filter rack. Make sure that the front of the metering plate is
facing out (into the air flow). Keep the filter grille door open for the remainder of the test.

3. Re-Measure the System Operating Pressure (TrueFlow Plate Installed).
a) Turn the air handler fan back on to the same speed as Step #1 above.
b) Measure and record the new system operating pressure (TF SOP) using the static pressure probe and DG-3. The static pressure probe

should be in the exact same position as Step #1 above,

Copyright 2001 The Energy Conservatory
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. ' MINNEAPOLIS P3% ¢ GAUGE
4. Measure the Air Flow Through the TrueFlow Metering Plate ity Bt e B

a) Connect the flexible tubing connections from the metering plate to

Channel B as shown in the diagram.

b) In order for the DG-3 gauge to directly display air flow in CFM from e

the metering plate, the installed metering plate must be selected in the gauge. s (O v €———  Tumthe CHANNEL
To select the metering plate being used in your test, first turn the MODE woce - knob to B.

knob to the Fan Select position. The gauge display will show "-SEL" to mee | 3

indicate that a flow measurement device has not been selected. The selected eivic ,,EM__ SELECT Switch

flow measurement device is chosen by toggling up the SELECT Switch.
Connect Red tubing to the
Channel B Input tap.

@

Toggle up 3 times to select the #14 Metering Plate. e

Toggle up 4 times to select the #20 Metering Plate. l 5
|

THE I
PL 14 This indicates that you have chosen the #14 @ e O*— Connect the Green tubing to the

TrueFlow Metering Plate. T ot s Channel B Reference tap.

PL 20 This indicates that you have chosen the #20 TrueFlow Metering Plate.

Once the proper plate has been selected, turn the MODE switch to Flow. With the CHANNEL knob set to B, the gauge will now display the air
flow through the metering plate in CFM. You may want to use the 5 second or long-term time-average setting if the flow reading is fluctuating.

Note: DG-3 gauges sold prior to March 2001 do not have the PLI4 or PL20 options when selecting a flow measurement device. These gauges
can be retrofitted with a new EPROM by The Energy Conservatory (call for more information). Flow can also be determined by measuring the
pressure signal from the metering plate, and using the Flow Conversion Table

S. Look up the Flow Resistance Correction Factor
a) The Flow Resistance Correction Factor can be determined using the correction factor table provided with the manual, and the two

System operating pressure measurements (Steps #1 and #3). The Flow Resistance Correction Factor is used to adjust the measured air flow
through the metering plate for differences in resistance between the existing filter and the TrueFlow Meter.

6. Calculate the Adjusted Air Flow ) : :
b) Multiply the measured air flow through the metering plate (Step #4) by the Flow Resistance Correction Factor (Step #5) to determine

the final adjusted air flow amount.

If you are using the Magnehelic® gauges.

“When using the Magnehelic gauges instead of the DG-3 gauge, please note the following differences in the test procedure:

Step #1:
a) Mount the magnetic gauge board on a vertical metal surface (e.g. the air handler cabinet or supply plenum). Adjust both gauges to read zero.

b) Connect a piece of tubing between the static pressure probe and the 60 Pascal gauge using the following scheme:
¢ Ifthe static pressure probe is inserted into the supply plenum, connect the tubing to the top tap on the 60 Pascal gauge.
*  Ifthe static pressure probe is inserted into the return plenum, connect the tubing to the bottom'tap on the 60 Pascal gauge.
*  Ifthe gauge is located inside the house during the test, leave the remaining pressure tap on the gauge open. If the gauge is not in the
house during the test (e.g. attic, crawlspace); run additional tubing from the remaining pressure tap to inside the house.
¢) If the NSOP reading is greater than 60 Pa, switch tubing connections from the 60 Pa gauge to the 250 Pa gauge.

Step #3:
a) Ifthe TF SOP reading is greater than 60 Pa, switch tubing connections from the 60 Pa gauge to the 250 Pa gauge.

Step #4:
a) Disconnect the tubing connecting the Magnehelic gauge to the static pressure probe. Re-zero both gauges.
b) Connect the Red tubing from the metering plate to the top tap on the 60 Pa gauge. Connect the Green tubing from the metering plate to the

bottom tap on the 60 Pa gauge.
¢)  Ifthe pressure reading from the metering plate is greater than 60 Pa, switch tubing connections to the 250 Pa gauge.

d) Convert the metering plate pressure to air flow in CEM using the Flow Conversion Table.

Copyright 2001 The Energy Conservatory
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TrueFlow Meter Flow Conversion Table (In. H20)

Copyright 2001. The Energy Conservatory.
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TrueFlow Meter Flow Conversion Table (Pascals)

(Pagc;ll;;)m ECFM)W (CFM)

127 1296 1735

62 906 1213 122 1270 1701 182 2078
63 913 1222 123 1275 1708 183 2083

Copyright 2001. The Energy Conservatory.
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Notes on Refrigerant Charge and Performance Check

The PTCS specifications assume industry-standard procedures will be used in selection
and fabrication of refrigeration lines, placement of the outdoor unit, treatment of sys
tem components during brazing, operation of the crankcase heater before normal
operation, and so forth. The assurance of quality installation rests firmly on the
shoulders of the skilled installation technician.

A detailed outline of suggested procedures is found after Tab 7 and examples of fully
installation procedures are found after Tabs 9 and 10. This Tab will only provide a
quick reminder of tests that must be performed and recorded on the PTCS forms.

Note since many of the new systems use R410A, it is very important to protect the sys
tem from moisture during installation. Take special care in evacuating the system to
get rid of any possible moisture.

Also, use care when brazing. Use approved brazing alloy material and purge with dry
nitrogen. Protect sensitive components from excessive heat during brazing.

Test system for leaks by pressurizing to at least 450 psig (R410a) or 360 psig (R-22) for
24 hrs.

Adjust system charge as needed for non-standard line sets and other components as
needed. Use reliable scale with new battery (when applicable); scale should have
resolution of at least 0.5 oz.

After system is charged, but before standard operation, make sure crankcase heater (if
required) operates for at least one hour.

When checking system performance, operate for at least 15 minutes before recording
operating pressures. Compare pressures with manufacturer’s recommended values. If
not within manufacturers’ tolerance, consider adjusting charge (or return when system
can be checked in cooling mode and re-test with cooling season procedure).

PTCS specifications strongly suggest the temperature split in heating mode be
measured and reported to the home’s occupants. If this is done, it can be recorded on
the bottom of the form.
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DESIGN AND FABRICATION GUIDELINES

I-INTRODUCTION

Lennox split system condensing units and heat pumps (four
tons and under) match with line sets of varying lengths of up
to 50 feet (linear). These applications offer quick and simple
installations that are trouble free if the line sets are properly
installed. On split commercial applications and residential
installations beyond 50 feet, special design considerations
must be followed to assure satisfactory system performance.
An improperly designed system could result in a serious loss
of capacity or even compressor failure.

This manual does not include piping information for Zone-
master systems. Refer to the Zonemaster installation instruc-
tions for further information about the Zonemaster system.

The intent of this manual is to represent generally accepted
safe engineering practices. Specifications and limits outlined
in this manual are subject to change. System design should
conform to all codes, laws and regulations applying at the site at
the time of installation. In addition, the procedures and limits
outlined in this manual do not supersede local, state or na-
tional codes under any circumstances. If you have questions
or comments about any of this information, contact Lennox
Application (Technical Support) in Dallas, Texas.

II-GENERAL INFORMATION

Four prime considerations in designing refrigeration lines are:
1) cost of tubing, refrigerant and installation;

2) pressure drop in lines;

3) oil return; and

4) amount of refrigerant in the system.

Cost is an obvious consideration which dictates that the
smallest tubing possible be used that will result in a system
with acceptable pressure drop.

Pressure drop is important from a performance standpoint.
The following general statements point out the effects of
pressure drop in the various components of the refrigeration
piping system:

1) Pressure drop in the suction line reduces capacity and in-
creases power consumption. For air conditioning systems, a
one pound drop in the suction line reduces capacity approxi-
mately one percent. A suction line pressure drop of up to 3psi
(3% capacity loss) is generally acceptable. A higher pressure
drop may be necessary in some applications to achieve ade-
quate velocity for oil return even though this will result in
higher capacity loss.

2) Pressure drop in the liquid line produces no significant ca-
pacity loss as long as 100% liquid is delivered to the expansion
valve and the pressure available is adequate to produce the re-
quired flow. Pressure drop due to lift must be added to the fric-
tion losses to determine total pressure drop. At normal liquid
temperatures, R22 pressure drops 1/2 pound per foot of verti-
cal liquid lift.

Qil return is a major consideration since some oil is continual-
ly being circulated with the liquid refrigerant and separatesin
the evaporator. Oil must be returned to the compressor b
trainment with the refrigerant vapor. Minimum velocity n.. _.
be 800 fpm (approximately) in horizontal runs, 1500 fpm
(approximately) in vertical suction risers.

Subcooling should be at least 10°F leaving the outdoor unit.
All Lennox equipment is designed so that the charge may be
adjusted to provide at least 10°F subcooling. This will allow a
30to 35 pounddrop in the liquid line (including pressure drop
due to friction loss and vertical lift).
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If heat pump refrigerant lines must exceed 100 feet, contact
Lennox Application Department for further assistance. This
application is not recommended and should be avoided.

Special consideration must be given to heat pump systems
when there is a difference in elevation between the outdoor
and indoor units. Due to the reversal of refrigerant flow from
heating to cooling cycle, there is always a liquid and suction
lift to consider when sizing the refrigerant lines.

Maximum liquid lift should not exceed 50 linear feet (due to
the static pressure drop of 25psi). Additional pressure drop
due to friction will result in total pressure drop approaching
the 30psi maximum that could produce flashing.

Likewise, maximum suction lift must not exceed 50 feet due to
limitations placed on the liquid line. (When refrigerant flow is
reversed, a liquid drop will become aliquid lift). The vaporline
must be sized as a suction riser with adequate velocity for oil
return if there is any difference in elevation between the in-
door and outdoor units.

In applications where cooling operation below 50°F is antici-
pated and an economizer is not being used, low ambient
(head pressure) controls must be installed.

Solenoid valves are uni-directional devices. Since solenoid
valves are uni-directional, they are seldom used on heat pump
systems. If used, they require a check valve to bypass refriger-
ant around the solenoid during the heating cycle. Never install
a pump-down cycle on a heat pump system.

V-PIPE SIZING, LINE LAYOUT AND DESIGN
(A/C and Heat Pump Systems)

The first step in the design of a piping system is to layout the
entire system (i.e. relative location of the condensing unit
and the evaporator, length of each segment of the piping sys-
tem, length of suction risers and liquid risers etc...) Start by
making a sketch of the system including lengths of pipe,
number of elbows, tees, valves, and any other irregular pip-
ing and fittings needed. This information will be used to de-
termine total “equivalent” length for calculating pressure
drop due to friction.

The same methods apply to both A/C and heat pump systems.
A suction line sized to produce adequate velocity for oil entrain-
ment and pressure drop with minimum capacity reduction will
function properly as a hot gas discharge line during a heating
cycle. Also, if there is a vertical difference in height between the
outdoor and indoor units, there is always a vapor and liquid lift
to consider in sizing due to the reversal of refrigerant flow.

A-Liquid Line Design
Considerations

The purpose of the liquid line is to convey a full column of
100% liquid from the condenser to the metering device at the
evaporator without flashing. The amount of liquid line pres-
sure drop which can be tolerated is dependent on the number

of degrees of liquid subcooling leaving the condenser and the
saturated condensing temperature. If the condensing temper-
ature and subcooling are known, the maximum allowable
pressure drop can be calculated.

Lennox equipment is designed to hold a charge allowing 10°F
subcooling at 95°F ambient. High efficiency equipment five
tons capacity and under typically operates at a saturated con-
densing temperature of 115°F, (245psi) (see footnote 1). EQuip-
ment above five tons capacity typically operates at a saturated
condensing temperature of 125°F, (280psi) (footnote 1).

Maximum Allowable Pressure Drop, Example 1

A high efficiency unit operating at 10°F subcooling and 115°F
(245psi) condensing temperature, find the maximum allow-
able pressure drop in the liquid line. Refer to the pressure/
temperature chart (figure 16) in the appendix. 115°F condens-
ing temperature minus 10°F subcooling equals 105°F sub-
cooled liquid temperature (212psi - see footnote 2). 245psi
condensing pressure minus 212psi subcooled pressure
equals 33psi. The maximum allowable pressure drop is 33psi.

Maximum Allowable Pressure Drop, Example 1

A mid efficiency unit operating at 10°F subcooling and 125°F
(280psi) condensing temperature, find the maximum allow-
able pressure drop in the liquid line. Refer to the pressure/
temperature chart (figure 16) in the appendix. 125°F condens-
ing temperature minus 10°F subcooling equals 115°F sub-
cooled liquid temperature (245psi - see footnote 2). 280psi
condensing pressure minus 245psi subcooled pressure
equals 35psi. The maximum allowable pressure drop is 35psi.

Two factors must be considered when sizing liquid lines:

Pressure Drop in Lines

First, the pressure drop through the liquid line is not especial-
ly critical provided that 100% liquid is available entering the
expansion device. For the most part, the generation of flash
gas will be determined by the amount of pressure drop in the
liquid line. To calculate total pressure drop in liquid lines, the
following must be determined then added together:

1) Pressure drop due to friction in pipe (figure 2), fittings and
field installed accessories such as a drier, solenoid valve or
other devices (table 1). The pressure drop due to friction is
usually smallerthan pressure drop due to lift but must be con-
sidered. The pressure drop ratings of field installed devices is
usually supplied by the manufacturer of the device and
should be used if available.

2) Pressure drop due to vertical liquid lift (1/2 pound per foot)
is usually large and may be a limiting factor in the ultimate de-
sign of the system.

Pressure Across Expansion Device and Distributor

Next, the pressure entering the expansion device must be suf-
ficient to produce the required flow through the expansion de-
vice. A pressure drop of 100 psi across the expansion valve
and distributor is necessary to produce full refrigerant flow at
rated capacity. Therefore, it is necessary for liquid refrigerant
(free of flash gas) to be delivered to the expansion valve at a
minimum of 175 psi.

Footnote 1 - The temperature listed here is an arbitrary number chosen to represent summer operating conditions. The
condensing temperature at summer operating conditions is used to calculate maximum allowable pressure drop. This

number may vary with regional climate.

Footnote 2 - This is the pressure below which subcooled liquid will begin to form flash gas.
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COOLING CAPACITY (TONS)

REFRIGERANT-22 LIQUID LINE PRESSURE DROP/VELOCITY
At 45°F Evaporating Temperature and 125°F Condensing Temperature
R22 LIQUID LINE PRESSURE DROP (Ibs./100 Feet) :
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To use this chart, first find capacity (tons) on left side of chart. To find pipe size, proceed right to smallest pipe size. Pressure drop (vertical
line) and velocity (diagonal Jines) can then be determined for the pipe size selected. For example, for 10 ton unit, select 5/8 in. 0.D. line.
NOTE—Shaded area denotes unacceptable velocity range.

O

FIGURE 2

Sizing Procedure - First Example
Simple System

Given: 10 ton (single speed) condensing unit on ground level
with a 10 ton evaporator on the third level above groundanda
total of 96 feet (linear) of piping. Unitis charged with 10°F sub-
cooling at 125°F condensing temperature (280 psi R22 liquid).
See figure 3.

Find: Select tube size from figure 2.

Figure 2 illustrates the relationship between liquid line sizi
pressure drop per 100 feet, velocity range andtonnage. Wh
using ligquid line solenoid valves, velocities should not exceed
300 fpm to avoid liquid hammer when closing. Enter figure 2
from left and extend to the right to the smallest tube size that

will not exceed 300 fpm velocity.
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LIQUID LINE SIZING EXAMPLE

|-——53FT.——-

FILTER/ORIER

10 TON
EVAPORATOR

GIVEN; 10 TON EVAPORATOR
10 TON CONDENSING UNIT

3FT. -l b 40 WITH 10°F SUBCOOLING at 125°F
LENGTH OF LINE — 96 FT.
FIND; LIQUID LINE SIZE
soL : PRESSURE DROP CANNOT EXCEED
10 TON e
CONDENSING
UNIT SELECT A PROPOSED TUBING
[~ SIZE: 5/8in. COPPER

TWO 90° LONG RADIUS ELBOWS @ 5/8in. 0.D. = 1ft. EQUIV. FT. EA.

TOTAL EQUIVALENT LENGTH =
LINEAR LENGTH + EQUIVALENT LENGTH OF FITTINGS

TOTAL EQUIVALENT LENGTH = 98ft.

TOTAL FRICTION LOSSES = -‘:I*DZ%‘DN x 98ft. = 4.17psi

TOTAL PRESSURE DROP=
TOTAL FRICTION LOSSES + LIFT LOSSES + FILTER/DRIER

FILTER DROP = 1 psi (by manufacturer)
LIFT LOSSES = 40ft. x 1/2psi per foot = 20psi

TOTAL PRESSURE DROP = 20 psi + 4.17 psi + 1 psi = 25.17 psi

ANSWER; 5/8” 0.D. COPPER TUBING CAN BE USED. PRESSURE LOSS DOES NOT EX-
CEED MAXIMUM ALLOWABLE PRESSURE DROP (6°F TO 7°F SUBCOOLING WILL BE
AVAILABLE AT THE EXPANSION VALVE) AND VELOCITY IS ACCEPTABLE.

FIGURE 3

Solution: For a 10 ton system, 5/8 inch O.D. line with 4.25 psi
per 100 feet drop is selected. Now, calculate pressure drop due
to friction and liquid lift to determine if this is a good selection.

The pressure lost to two elbows must be added to the equa-

tion. The total friction drop for 96 feet of 5/8inch O.D. pipe plus
{(from table 2) 1 equivalent foot per elbow = 98 equivalent feet.

Figure 2 shows that, in a 10 ton system, we can expect 4.25
psidrop per 100 feet of 5/8 inch 0.D. copper. When we mul-
tiply 4.25/100 by 98 equivalent feet, we see that the total
friction loss is 4.17 psi.

Now, we must add the pressure drop for vertical lift. R22 pres-
sure drop is 1/2 psi per foot of vertical lift. When multiplied by
40 feet vertical lift we find that pressure drop due to lift = 20 psi.

Finally, we have added afilter drier to the liquid line which has
1psi drop (this number provided by manufacturer).

Add the three components of pressure drop together to find
that the total pressure drop in this 5/8 inch line = 25.17 psi.

Now, by comparing 25.17 psito our maximum allowable pres-
sure drop we find that this setup falls well within the accept-
able range. The 5/8 inch line, therefore, is a good selection be-
cause it is well below the maximum allowable pressure drop,
is in a satisfactory velocity range, uses minimum refrigerant
and provides sufficient pressure at the expansion valve.
First Example
Alternative Pipe Size

Suppose 3/4 inch 0.D. line with 1.6 psi drop per 100 feet had
been selected. The total equivalent length is computed by ad-
ding the linear length (96 ft.) plus the equivalent length of the
fittings (from table 2, two 90° ells at 1.25 ft. each). The total
equivalent length is 98.5 feet. The total friction drop would
have been 1.6/100 multiplied by 98.5 = 1.57 psi. When the pres-
sure drop due to lift (20 psi) and the filter drier (1 psi) are added
we find that the total pressure drop for 3/4 inch line = 22.57 psi.

Yet, 3/4 inch line is a less desirable choice. Why?
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LIQUID LINE SIZING EXAMPLE

IQ—SSFT.———I-

FILTER/DRIER

10 TON
EVAPORATOR

GIVEN; 10 TON EVAPORATOR
10 TON CONDENSING UNIT

3FT. -—l b— 40 WITH 10°F SUBCOOLING at 125°F
LENGTH OF LINE — 96 FT.
FIND; LIQUID LINE SIZE
SOLUTION: PRESSURE DROP CANNOT
UNIT SELECT A PROPOSED TUBING SIZE:
- FOR A 10 TON SYSTEM, 3/4 in. COPPER

TWO 90° LONG RADIUS ELBOWS @ 3/4 in. 0.D. = 1.25 ft. EQUIV. FT. EA.
TOTAL EQUIVALENT LENGTH =
LINEAR LENGTH + EQUIVALENT LENGTH OF FITTINGS
TOTAL EQUIVALENT LENGTH = 98.5 ft.

TOTAL FRICTION LOSSES = J;(;Ollgf x 98.5 ft. = 1.57 psi

TOTAL PRESSURE DROP=
TOTAL FRICTION LOSSES + LIFT LOSSES + FILTER/DRIER

FILTER DROP = 1 psi (by manufacturer)
LIFT LOSSES = 40ft. x 1/2psi per foot = 20 psi

TOTAL PRESSURE DROP = 20 psi + 1 psi + 1.57 psi = 22.57 psi

ANSWER; 3/4” O.D. COPPER TUBING CAN BE USED BECAUSE PRESSURE DROP AND
VELOCITY FALL WITHIN AN ACCEPTABLE RANGE. BUT 3/4 INCH LINE IS LESS DESIR-
ABLE BECAUSE:

1) A SMALLER LINE WITH ACCEPTABLE PRESSURE DROP AND VELOCITY IS AVAIL-
ABLE (5/8 INCH) AND,

2) THE LARGER (3/4 INCH) LINE WILL REQUIRE MORE REFRIGERANT IN THE SYSTEM.

FIGURE 4

The difference in pressure drop between 5/8 inch line and 3/4
inch line is only 2.35 psi. But, the larger line adds 5.5lbs. more
refrigerant into the system (see table 1). The risk of refrigerant
slugging is increased and the smaller line will be less costly.
The smaller line should be used.
B-Suction Line Design

Principles
The purpose of the suction line is the return of refrigerant va-
por and oil from the evaporator to the compressor. The sizing
of vertical risers is extremely important. Movement of oil
droplets up the inner surface of the tubing is dependant on the
mass velocity of the gas at the wall surface.
Thelargerthe pipe the greater the velocity required atthe cen-
ter of the pipe to maintain a given velocity at the wall surface.

Suction line design is critical. The design must minimize pres-
sure loss to achieve maximum unit efficiency and yet provide
adequate oil return to the compressor under all conditions.

Because oil separates from the refrigerant in the evaporator, the
suction velocity must be adequate to sweep the oil along. Hori-
zontal suction lines require a minimum of 800 fpm velocity for
oil entrainment. Suction risers require 1200 fpm minimum and
preferably1500 fpm regardless of the length of the riser.

Figure 5 illustrates the relationship between suction line sizing,
pressure drop per 100 feet, velocity and cooling tonnage. This
chart is used to determine suction line pressure drop which can
then be used to determine suction line capacity loss. This chart
can also be used to determine suction line velocity to assure oil
return to the compressor.

Vertical lift does not significantly affect pressure drop. However,
systems will lose approximately 1% capacity for every pound of
pressure drop due to friction in the suction line. This “1%" factor
is used to estimate the capacity loss of refrigerant lines. To use
the “1%" factor, first you must use figure 5 to estimate the pres-
sure drop in the “total equivalent length” of the lines you choose.



REFRIGERANT-ZZ SUCTION LINE PRESSURE DROP/VELOCITY PER 100ft. OF LINE
At 45°F Evaporating Temperature and 125°F Condensing Temperature
R22 SUCTION LINE PRESSURE DROP {Ibs./100 Feet)
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To use this chart, first find capacity (tons) on left side of chart. To find pipe size, proceed right to smallest pipe size. Pressurée drop (vertical
Jine) and velocity (diagonal lines) can then be determined for the pipe size selected. For example, for 10 ton unit, select 1-3/8 in. O.D. line.
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HOW TO FIND CAPACITY LOSS IN SUCTION LINE
IF PRESSURE DROP IS KNOWN

Total Pressure Drop
< For Equivalent Length

- 25Ft.
Line
Total Pressure Drop
Minus Press. Drop
OUTDOOR in 25Ft. of Line INDOOR
UNIT UNIT

Once Pressure Drop Is Found: ) )
Btuh lost = 1% x {Total Press. Drop minus 25Ft.} x rated capacity

FIGURE 6

In air conditioning systems, horizontal suction lines should be
level or slightly sloped toward the condensing unit. In air
conditioning and heat pump systems, pipe must avoid dips or
low spots that can collect oil. For this reason, hard copper
should be used, especially on long horizontal runs.

SUCTION (VAPOR) PIPING INDOOR COIL ABOVE
OUTDOOR UNIT OR ON SAME LEVEL
VAPOR LINE
INDOOR
RAISE PIPE U
TO TOP LEVEL -
OUTDOOR OF COIL TRAP
UNIT
INDOOR
COIL
|
INSTALL-
OUTDOOR s liyon
UNIT VAPOR LINE BOTTOM OF
EACH RISER
If equipment is on same level, inverted trap should still be used
in order to prevent liquid migration to compressor during off cycle.

FIGURE 7

To aid in the return of oil, a trap should be installed at the bot-
tom of any suction riser (remember, a heat pump vapor line
can act as a suction riser when refrigerant flow is reversed).
When selecting suction/vapor line sizes, the following points
must be remembered:

1) Velocity must be maintained in order to provide adequate
oil return to the compressor.

2) Capacity loss must be held within the job requirements.

Field installed components, such as suction line driers, muf-
flers etc. contribute to both pressure drop and capacity loss.
The resultant pressure drop must be considered (see
manufacturer’s data for pressure drop information).

Sizing Procedure
Before selecting pipe size, make a sketch of the layout complete
with fittings, driers, valves etc. Measure the linear length of each
line and determine the number of ells, tees, valves, driers etc.
Add equivalent length of fittings (table 2) to linear length of pipe
to get total equivalent length used in determining friction loss.
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Suction Line Sizing Procedure - First Example
Given: Five ton (60,000Btuh) condensing unit on same level
with condenser, with 65 feet of piping and 8 ells (as in figure 7).

Find: Select tube size from figure 5.

Figure 5 illustrates the relationship between suction line siz-
ing, pressure drop per 100 feet, velocity range and tonnage.

Solution: Enter figure 5 from left (tons capacity) and extend to the
right to the smallest tube size with velocity less than 3000 fpm.

Suction line velocity should not exceed 3000 fpm in order to
avoid possible noise complaints. This rule may be slightly ex-
ceeded when added velocity is required to entrain oil vertically.

1-1/8 inch 0.D. line with 2.8 psi per 100 feet pressure drop and
1950 fpm velocity is selected. Now calculate pressure drop due
to friction loss to determine if this is a good selection.

65 feet of pipe, plus 8 ells (1.8 equivalent feet each, from table
2) = 79.4 feet equivalent length.

When we multiply 2.8/100 by 79.4 equivalent feet, we see that
the total friction loss is 2.22 psi.

1-1/8 inch line appears to meet the requirements in figure 5.
Find the capacity loss in 1-1/8 in. line to determine net capacity.

Air Conditioning and Heat Pump system capacities are based
on matched systems with 25 equivalent feet of refrigerant line
operating at ARI conditions. As figure 6 shows, the pressure
drop in 25 feet of line must be subtracted from the total equiv-
alent length.

The pressure drop in 25 feet of 1-1/8 inch line is:
2.8/100 multiplied by 25 = 0.7psi

The total pressure drop for the line is:

2.22psi minus 0.7psi = 1.52 psi

The capacity loss (figure 6) is:
0.01 x 1.52 x 60,000 = 912 Btuh or approximately 1.5%.

First Example
Alternative Pipe Size
Suppose 7/8 inch 0.D. line with a pressure drop of 12 psi per 100
feet had been selected. 65 feet of pipe, plus 8 ells (1.5 equivalent
feet each, from table 2) = 77 feet equivalent length. The total fric-
tion drop would be 12/100 multiplied by 77 = 9.24 psi.

The pressure drop in 25 feet of 7/8 inch line is:
12/100 multiplied by 25 = 3psi

The total pressure drop for the line is:

9.24psi minus 3psi = 6.24 psi

The capacity loss (figure B) is:

0.01 x 6.24 x 60,000 = 3744 Btuh or approximately 6.24%.
This is a poor selection for two reasons:

1) The high velocity may cause excess suction line noise.

2) The capacity loss may not be acceptable ifthe system is de-
signed with close tolerance.

Suction Line Sizing Procedure - Second Example
Given: 7-1/2 ton condensing unit with evaporator lower than
condenser, with 112 feet of piping and 4 ells. The piping in-
cludes 20 feet of vertical lift and 92 feet of horizontal run.

Find: Select tube size from figure 5.



[ EXAMPLE - INDOOR COIL BELOW CONDENSER
SUCTION (VAPOR) LINE |

|‘_‘90FT.——_"
i

SUCTION RISER t
20 FT.

4

——
I< OIL TRAP

D

INDOOR COIL

-
FIGURE 8

Solution: 1-1/8 inch 0.D. line with 6 psi per 100 feet pressure
drop and 2900 fpm velocity is selected. Now, calculate pres-
sure drop due tofrictionto determine if this is a good selection.
From table 2, four ells at 1.8 equivalent feet each =7.2 equiva-
lent feet. When added to the 112 feet of pipe, the total equiva-
lent feet becomes 119.2 feet (round up to 120 feet).
When we multiply 6/100 by 120 equivalent feet, we see that the
total friction loss is 7.2 psi.
Use figure 5 to calculate the pressure drop in 25 feet of 1-1/8
inch line. When we multiply 6/100 by 25 feet, we see that the
friction loss is 1.5 psi.
The capacity lost in the “total equivalent length” of the refrig-
erant line (using figures 5 and 6) = 1% x (7.2 - 1.5) x 90,000.
Btuh lost= 0.01 x (5.7) x 90,000
Btuh lost = 5130
Capacity loss for the line selected is approximately 5.7%.

he preceding calculation shows that this is a workable sys-
tem but will result in a loss of capacity and efficiency.

Second Example
Alternative Pipe Size

Using the same (7-1/2 ton) example, this time select 1-3/8 inch
0.D. line. 1-3/8 inch O.D. line with 2 psi per 100 feet pressure
drop has 1760 fpm velocity. Now calculate pressure drop due
to friction loss to determine if this is a better selection.
From figure 5, four ells at 2.4 equivalent feeteach =9.6 equiva-
lent feet. When added to the 112 feet of pipe, the total equiva-
lent feet becomes 121.6 feet (round up to 122 feet).

When we multiply 2/100 by 122 equivalent feet, we see thatthe
total friction loss is 2.4 psi.

Use table 5 to calculate the pressure drop in 25 feet of 1-3/8
inch line. When we multiply 2/100 by 25 feet, we see that the
friction loss is 0.5 psi.

The capacity lost in the “total equivalent length” of the refrig-
erant line (using figures 5 and 6) = 1% x (2.4 - 0.5) x 90,000.
Btuh lost= 0.01 x (1.9) x 90,000

Btuh lost = 1710

Capacity loss for the line selected is approximately 1.9%.
The conditions in this example will allow either 1-1/8 inch or
1-3/8 inch suction line to be used since capacity loss is mini-
mized and velocity is sufficient to return oil to the compressor.

Third Example - Suction Sizing with Variable Capacity
Two Speed Condensing Unit

Some variable capacity installations may use a single suction

riser for minimum load conditions without serious penalty at

design load. Lennox units with two speed compressors have

approximately 60% capacity at low speed and normally do not

require double suction risers (Zonemaster not included).

Given: 15 ton two-speed condensing unit with a single 15 ton
(dual circuit) evaporator.

High Speed Capacity = 15 tons and,

Low Speed Capacity = 9 tons.

The system is plumbed with the evaporator 60 feet below the
condensing unit and 40 feet horizontally away from the con-
densing unit. A trap is plumbed at the bottom of the riser. The
trap is composed of 90° ells.

Find: Determine if single suction riser is suitable or if double
suction riser must be used.

TWO SPEED SIZING EXAMPLE
INDOOR COIL BELOW CONDENSER
SUCTION (VAPOR]) LINE |

15
|‘—39FT.-—" TON

ke TWO
SUCTION RISER T SPEED
60 FT.
15 TON
INDOOR COIL

I"‘-—- OIL TRAP

-

FIGURE 9

Solution: Select the line size based on full unit capacity (15 tons).
1-5/8 inch O.D. line with 3 psi per 100 feet pressure drop and 2600
fpm velocity (at full capacity) is selected. Then determine the
equivalent length of the segment to calculate the pressure drop.

60 feet of pipe (vertical), plus 40 feet of pipe (horizontal), plus
four 90° elbows (2.8 equivalent feet each) = 111.2 equivalent
feet length (round to 111).

From figure 5, 1-5/8 inch O.D. suction line with 15 tons capac-
ity has 3 psi drop per 100 feet. When we multiply 3/100 by 111
equivalent feet, we see that the total friction loss is 3.3 psi.

Use table 5 to calculate the pressure drop in 25 feet of 1-5/8
inch line. When we multiply 3/100 by 25 feet, we see that the
friction loss is 0.75 psi.

The capacity lost in the “total equivalent length” of the refrig-
erant line (using figures 5 and 6) = 1% x (3.3 - 0.75) x 180,000.
Btuh lost= 0.01 x (2.55) x 180,000

Btuh lost = 4590

Capacity loss for the line selected is approximately 2.55%.

Low Speed Capacity

1-5/8 inch line appears to be appropriate for this system operat-
ing at full (15 ton) capacity. Now we must check the low speed (9
ton) capacity to determine if 1-5/8 inch line is appropriate.

Lennox two speed units operate at approximately 60% capac-
ity when operating on low speed:

15 tons x 0.6 = 9 tons (if an engineering data sheet is available
use the actual capacities rather than this approximation).

9 tons capacity when used with 1-5/8 inch pipe (figure 5) indi-
cates a velocity of 1500 fpm. This is sufficient to return oil to the
compressor and meets the requirement of maintaining at least
1500 fpm in vertical risers.

When comparing high speed to low speed performance in
this case we find that a single 1-5/8 inch suction riser may be
used and double suction risers are not required.
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Systems on the Fringe

Many two speed applications will require a reduction in suc-
tion riser size to maintain adequate velocity for oil return at
low speed. For example, a 5 ton two speed system will nor-
mally use a 1-1/8 inch suction line (figure 5). A suction riser in
this system may be reduced to 7/8inch pipe size while the hor-
izontal runs may use 1-1/8 inch pipe size.

Figure 5 shows the tradeoffs that will result from downsizing
the riser. The disadvantage is that the riser will exceed 3000
fpm when operating at full capacity (potential for sound trans-
mission). In addition, the pressure drop in the smaller line will
result in significantly greater pressure drop (capacity loss).
The advantage is that the smaller line will guarantee sufficient
velocity for oil return when operating at reduced capacity.

If, by reducing the riser pipe size, the pressure drop (capacity
loss) becomes unacceptable, the system must be designed
with double suction risers.

Fourth Example
Suction Sizing Variable Capacity - Hot Gas Bypass
There are two basic types of hot gas bypass kits. The most de-
sirable is the type that feeds the hot gas from the compressor
discharge line to a side tap on the distributor in the evaporator
coil. When installed in this manner, full flow of suction gas is
maintained in the suction line and suction piping should fol-
low standard procedures as outlined in the previous sections.

The second type of hot gas bypass is installed and connected
within the condensing unit. This is known as a “run-around”
hot gas bypass in that hot compressor discharge gas and lig-
uid from the liquid line are circuited to the hot gas bypass
valve and directly into the suction line.

This method reduces flow through the evaporator and suc-
tion line. Special handling of suction risers is required.

When to Use Double Suction Risers

If a condensing unit can unload more than 50% either by a hot
gas bypass (run-around cycle) or other mechanical means,
double suction risers may be required.

If the condensing unit unloads less than 50%, suction lines
can be generally sized in accordance with the previous sec-
tions. Ifthe suction velocity is high enough to entrain oil when
the unit is operating at reduced capacity, double suctionrisers
are generally not required. ’

In general, double suction risers are required any time the mini-
mum load on the compressor does not create sufficient velocity
in vertical suction risers to return oil to the compressor. Double
suction risers are also generally required any time the pressure
drop or velocity in a single suction riser is excessive.

How Double Suctions Risers Work

Figure 10 shows a typical double suction riser installation. A
trap is installed between the two risers as shown. During partial
load operation (figure 11) when gas velocity is not sufficient to
return oil through both risers, the trap gradually fills with oil un-
til the second riser is sealed off. When this occurs, the vapor
travels up the first riser only. With only the first riser being used,
there is enough velocity to carry the oil. This trap must be close
coupled to limit the oil holding capacity to a minimum. Other-
wise, the trap could accumulate enough oil on a partial load to
seriously lower the compressor crankcase oil level.

The second suction riser must enter the main suction line
from the top to avoid oil draining down the second riser dur-
ing a partial load. See Figure 11.
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TYPICAL DOUBLE SUCTION RISER

CONDENSING DOUB';‘ESSEl;CT'ON
UNIT WITH
HOT GAS
BYPASS o ﬁl <
|
HORIZONTAL SUCTION LINE IS SIZED |
TO HANDLE TOTAL LOAD. /};D
IN THE VERTICAL PORTION OF THE LINE, * |
A SMALLER LINE IS SIZED TO HANDLE
THE REDUCED CAPACITY.
THE REMAINING LINE IS SIZED TO
HANDLE THE REMAINING CAPACITY l 9 EVAPORATOR
FIGURE 10
TYPICAL SIZING
5TON DOUBLE SUCTION RISERS
2 SPEED Based on Figure 5
QUTDOOR
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Sample Calculation

Given: 10 ton condensing unit with hot gas bypass (run-
around type) or mechanical unloaders capable of 65% unload-
ing. Matched evaporator is located below condensing unit.
Piping will require 57 (linear) feet of pipe (figure 12). Construc-
tion without double suction risers will only require 2 ells.
Find: 1) Select tube sizes for horizontal runs and risers (figure 5).
2) Determine if double suction risers are needed.

3) Size double suction riser for proper system performance.
Solution: Size each segment based on the tons of refrigerant
that will flow in the segment.

Full load capacity = 10 tons. Minimum load capacity is 35% of
10 tons = 3.5 tons. The difference between full capacity and
part load capacity is 6.5 tons.

From figure 5, select a pipe size for full load capacity. 1-3/8 inch
0.D. pipe with 3.3 psi drop per 100 feet and 2400 fpm velocityis
selected. Now, by using figure 5, find the velocity for the se-
lected pipe size at part load capacity. The part load velocity is
approximately 850 fpm. 850 fpm is sufficient to return oil in
horizontal runs but not in vertical risers.

DOUBLE SUCTION RISER EXAMPLE

DOUBLE SUCTION
~— 40 FT. RISER

10 TON
CONDENSING
UNIT WITH
HOT GAS [
BYPASS

.
_’

15 FT.

EVAPORATOR

§ o=

2FT. [

FIGURE 12



If we tried to size this system by simply reducing the riser size to
1-1/8inch, we would find the velocity in the riser to be excessive
(3800 fpm) when the system is operating at full capacity. As a
result of these obstacles, this system will require construction

of double suction risers. Construction of double suction riser
vill require five ells and two tees total for a system.

Size small riser

(Riser carrying smallest part of load)

The unit produces 3.5 tons capacity at minimum load. Select
from figure 5a 7/8inch O.D. line (smallest line with acceptable
velocity). When operating at 3.5 tons capacity, this line will
operate at 2500 fpm and will produce 6 psi drop per 100 ft.

Size large riser

(Riser carrying largest part of load)

The larger line carries 6.5 tons capacity at full load. Select from
figure 5a 1-1/8 inch 0.D. line (smallest line with acceptable ve-
locity). When operating at 6.5 tons capacity, this line will oper-
ate at 2500 fpm and will produce 4.5 psi drop per 100 ft.

Putting the Segments Together

Next, we must determine if the line sizes we selected will result
in satisfactory pressure drop between the condensing unit and
the evaporator.

Start by finding the total equivalent feet of the large (B) riser. 15
feet of pipe, plus two tees (branch side of tee at 4.5 equivalent
feet each), plus four ells (1.8 equivalent feet each) = 31.2 equiv-
alent feet length.

Now, find the total equivalent feet of the small (A) riser. 15 feet
of pipe, plus one ell (1.5 equivalent feet), plus one tee (branch
~ide of tee at 3.5 equivalent feet), plus one tee (line side of tee
4t 1.0 equivalent feet) = 21.0 equivalent feet length.

Use the total equivalent length of each riser to compute the
pressure drop of each riser. For the large (B) riser, 1-1/8 inch
0.D. suction line with 6.5 tons capacity has 4.5 psi drop per
100 feet. When we multiply 4.5/100 by 31.2 equivalent feet, we
see that the total friction loss is 1.4 psi.

For the small (A) riser, 7/8 inch O.D. suction line with 3.5 tons
capacity has 6 psi drop per 100 feet. When we multiply 6/100 by
21 equivalent feet, we see that the total friction loss is 1.26 psi.

The total pressure drop for the riser is equal to the average of
the pressure drop in both risers:

1.4 (B riser pressure drop) + 1.26 (A riser pressure drop) = 2.66
2.66 — 2=1.33 (average pressure drop through A and B risers).

Find the pressure drop forthe horizontal run of pipe. 1-3/8inch
pipe at 10 tons capacity has 3.3 psi drop per 100 feet. When we
multiply 3.3/100 by 61 equivalent feet, we see that the total
friction loss is 2.01 psi.

The pressure drop through the risers is added to the pressure
drop through the horizontal run to find the total pressure drop
for the system:

2,01 psi (horiz. run) + 1.33 psi (avg. riser) = 3.34 psi.

Use table 5 to calculate the pressure drop in 25 feet of 1-3/8
inch line. When we multiply 3.3/100 by 25 feet, we see that the
friction loss is 0.825 psi.

The capacity lost in the “total equivalent length” of the refriger-
ant line (using figures 5 and 6) = 1% x (3.34 — 0.825) x 120,000.
Btuh lost=0.01 x (2.515) x 120,000

Btuh lost = 3018

Capacity loss for the line selected is approximately 2.5%.

DOUBLE SUCTION RISER CONSTRUCTION
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VI-Appendix

A- Refrigerant Capacity in Lines

TABLE 1

Refrigerant Charge (Ibs.] in Various Lengths of Type L Copper Tubing for
R-22 Air Conditioning Systems @ 45°F Suction and 125°F Liquid

Line Size (0.D. in.)

Length of Lines | 3/8 1/2 5/8 3/4 7/8 1-1/8 | 1-3/8 | 15/8 | 2-1/8
(ft.) Liquid | Liquid | Liquid | Suction | Liquid | Suction | Liquid | Suction [ Suction | Suction | Suction | Suction
10 0378 | 0702 | 1.128 | 0.0293 | 1.683 | 0.0437 | 2.34 | 0.0608 | 0.1037 | 0.1579 | 0223 | 0.388
20 0.756 | 1.404 | 2256 | 0.0586 | 3.366 | 0.0874 | 468 | 0.1216 | 0.2074 | 0.3158 | 0.446 | 0776
30 1134 | 2106 | 3.384 | 0.0879 | 5.049 | 01311 [ 7.02 | 0.1824 | 0.3111 | 0.4737 | 0669 | 1.164
40 1512 | 2.808 | 4512 | 0.1172 | 6732 | 0.1748 | 9.36 | 0.2432 | 0.4148 | 06316 | 0892 | 1852
50 1890 | 3510 | 5.640 | 0.1465 | 8.415 | 0.2185 | 11.70 | 0.3040 | 0.5185 | 0.7895 | 1.115 | 1.940
60 2.268 | 4.212 | 6768 | 0.1758 | 10.098 | 0.2622 | 14.04 | 0.3648 | 0.6222 | 0.9474 | 1338 | 2.328
70 2646 | 4914 | 7.896 | 0.2051 | 11.781 | 0.3059 | 16.38 | 0.4256 | 0.7259 | 1.1053 | 1.561 | 2.716
80 3.024 | 5616 | 9.024 | 0.2344 | 13.464 | 03496 | 18.72 | 0.4864 | 0.8296 | 1.2632 | 1.784 | 3.104
90 3.402 | 6318 | 10.152 | 0.2637 | 15.147 | 0.3933 | 21.06 | 0.5472 | 09333 | 1.4211 | 2.007 | 3.492
100 3780 | 7.020 | 11.280 | 0.2930 | 16.830 | 0.4370 | 23.40 | 0.6080 | 1.0370 | 1579 | 2.230 | 3.880







PTCS Installation Guidelines for Air Source Heat Pumps

Note: any detailed manufacturer’s procedure (American Standard, Carrier, Lennox, Rheem, etc.)
will contain all the information needed to successfully install an air-to-air heat pump. This

guideline is meant to summarize the salient points concisely and list documentation steps
needed for PTCS certification.

Equipment ratings (for outdoor and indoor unit) and duct sizing documentation must be provided
upon request as part of the installation process. This documentation is described fully in the PTCS
heat pump specifications.

Outdoor Unit
Level/stable pad; make provisions for condensate runoff and snow depth.
No overhangs, vegetation, etc. shall impinge on airflow.

Make sure conductors and service disconnect breakers are properly sized per
manufacturer’s requirements and current NEC.

Maintain code-required clearances to electrical panels.
Make sure refrigerant service ports/valves are readily accessible after installation.

Refrigerant Piping Specifications/Procedures
Use the right type of piping (Type K or L; Type M not allowed).
Use right pipe size: check manufacturer’s tables; keep total suction line drop to an
equivalent of 2° F (approximately 3 PSI for R-22); keep discharge drop to between 5-10
psig)). If in doubt, slightly oversize liquid line and undersize suction line. Keep track of
the amount of elbows and vertical rise in sizing lines.

Use care in handling, cutting, flaring, deburring, and brazing copper tubing.

Blow out tubing with dry nitrogen (at 5 PSIG) if there is a concern of contamination.

Use care in working with service valves.

Install piping with as few bends as possible; use tube bender.

Support lines every 6-10 feet; supports needed within 2 feet of bends.

Use oil traps as needed (e.g. indoor coil below compressor and more than 3 feet of vertical
displacement).

Horizontal lines should have a downward pitch of at least % inch in 10 feet to aid in oil
drainage.

Use proper insulation for vapor line, typically 3/8” closed cell insulation.

Do not insulate liquid and vapor line together.

R-410A systems: limit time that system interior can be exposed to atmosphere; aim for no
time at all. POE oil is extremely hygroscopic (water-loving) and will absorb many times
its weight in water. This can cause grave problems for system components (short-term
TXV failure; long term compressor failure).



System Components (Electrical and Brazed-In)

Use correct metering device (double check manufacturer’s specifications for selection and
installation procedure).

Follow manufacturers’ procedures carefully in installing metering device (positioning,
attachment of sensing bulb).

Ensure oil is of the proper type for the refrigerant used.

Highly recommended: purge dry nitrogen through piping to prevent oxidation during
brazing.

Install factory-approved liquid line filter-drier. Double-check instructions for R-410A
systems, in terms of type, size, location.

Install crankcase heater if part of package or if there are excessively long (over 36 inch)
runs in colder spots. (Note manufacturers generally recommend not burying more than 36
inches of refrigerant tubing.)

Protect metering devices, valve seats, etc from excessive heat when brazing (use heat sink
or wrap lines with wet cloths, etc.) Do not leave system open during this process.

Ensure compressor protection devices are installed and operational.

Install suction-side accumulator if standard manufacturer option.

Use liquid line solenoid for long line sets if required by manufacturer (typically if piping
equivalent length is >50 feet or elevation between indoor and outdoor unit is >20 ft.)
Install hard start kit if recommended by manufacturer.

Indoor Unit
Install required amount of backup element capacity (from Design Heating Load
calculation).
Plumb condensate line to permanent drain. Install trap on primary drain. Run secondary
drain to an obvious, visible, non-destructive location if indoor unit installed in attic. If
condensate pump used, verify operation and adequate removal of liquid from drain
reservoir.
If the heat pump uses fossil fuel for back up heat, make sure the indoor coil is downstream
from the heat exchanger.

Pressure Test/Evacuation Procedure (for systems not using pre-charged line sets)

Pressurize system to 150 psig with all valves open; check for leaks with soap solution.
Repair leaks (after removing nitrogen) and retest.

When no leaks found, pressurize R-22 system to 360 psig with dry nitrogen and leave for
24 hrs to confirm system holds pressure. Systems using R-410A should be pressurized to at
least 450 psig for 24 hrs; consult local jurisdiction if a higher test pressure is required.

Evacuation Procedure
Make sure manifold set is air tight

Evacuate field-assembled piping to 500 microns or as directed by mfr. (Fastest evacuation
occurs with short, bigger diameter hoses and with Schrader cores removed; evacuate
through both sides of the system. Analog micron gauge is preferred because needle action



can be observed to evaluate presence of moisture or leak. Make sure vacuum pump has
clean oil at start.)

Close valve to vacuum pump; look at gauge. Gauge should rise no more than 200 microns
in 3 minutes.

When satisfied system is tight (see above pressure-testing procedure), release refrigerant
into system.

Airflow and Charging Checks
- Weigh in charge; use digital refrigerant gauge with at least 0.5 oz resolution.

Make proper adjustments for line set length if field-assembled (standard line set length is
25 feet (R-22) or 15 feet (R-410A)); make sure to read documentation for system. Record
adjustment made.
Install system filter and verify evaporator airflow is within mfr’s recommended levels;
adjust fan speed, use different filter, and/or adjust duct damper positions as needed to
achieve at least 350 CFM/ton of capacity; document flow with TrueFlow or other
approved method.
Measure temperature at outdoor unit with reliable thermocouple temperature gauge and
record.
If testing in heating mode: run system for at least 15 minutes in compressor-only mode and
measure operating pressures. Note which stage of heating is tested if system has multiple
stages; the stage tested must match with the airflow measured (above). Compare measured
pressures with expected values from manufacturer’s information. Record
expected/measured values; generally a 10 psig tolerance is allowed.
If testing in cooling mode: run system for at least 15 minutes, measure wet-bulb
temperature of air entering evaporator with reliable thermocouple and temperature gauge.
Use calibrated manifold gauges to check operating pressures.
For either mode, adjust charge as needed; retest and record results.
Tighten all service valves to manufacturer’s recommendation.

Electrical Startup Checks
Make sure crankcase heater works and is run for the mfr’s recommended amount of time
before system is operated (typically 24 hours). This is very important.

Check line and control voltage under normal operation.

Check temperature split across reversing valve; if more than 10° F, valve must be examined
for repair or replacement (solenoid or other part is to blame)
-+ Make sure outdoor fan rotation is correct.

Ensure system pressure control device(s) work properly.

Check running amps of compressor, indoor fan, outdoor fan.. If values are more than 10%
above manufacturer’s recommendations, troubleshoot problem and repair/replace faulty
component(s).

Check operation of back-up elements.

Controls
Make sure thermostat is intended for heat pump control.



Install indoor thermostat according to manufacturer’s specifications and check operation.
Ensure reversing valve switches to proper condition for heating, cooling, and defrost.

Note auxiliary (strip) heat is not allowed to operate in Stage 1 heating under the PTCS
specifications.

Install outdoor thermostat or enable this feature at indoor thermostat if there is an outdoor
temperature sensor/lockout option in installer’s setup. An aggressive setting (35° F) is
required. Record setting. Confirm elements are locked out at warmer temperatures. Make
sure elements come on when indoor thermostat calls for emergency heat.

For systems that use discharge air sensors to control auxiliary heat: these sensors must be
disabled for single-capacity systems (one compressor and/or compressor stage). For multi-
stage systems, the staging control must be set no warmer than 85° F.

Check operation of defrost system using manufacturers’ procedure; pay careful attention to
location of outdoor and coil sensors.

Set defrost interval (60 min or longer if not demand defrost) and check operation using test
pins or ice. Record system works okay.

If the heat pump uses fossil fuel for back up heat, make absolutely sure the fossil fuel side
of the equipment operates within manufacturers’ specifications for gas valve pressure
(where applicable), draft pressure, stack emissions, and other relevant factors.

Explain operation of system to homeowner
- Indoor thermostat (programming periods, “smart recovery” etc)
Outdoor thermostat (effect on air temperature plus savings)
Defrost (causes steam, puddles)
Filter location/type/change schedule
Keep outdoor coil free of vegetation and other debris; explain need to keep clean

Duct/register management (including the return side — keep system open as much as
possible)
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1.0 INTRODUCTION

11

"Should and Shall" will be interpreted as follows:

1.1.1  Where shall or shall not is used for a provision, that provision is mandatory if
compliance with the standard is claimed.

1.1.2  Where should is used it will indicate provisions which are not mandatory but which
are desirable as good practice.

2.0 EQUIPMENT REQUIREMENTS

2.1

2.2

2.3

24

Approved Manufacturer
Equipment shall be manufactured by a company appearing in the ARI Unitary Directory.
Ratings

Heat pump equipment shall meet the performance, safety, and rating requirements as given in
the latest revision of Air Conditioning and Refrigeration Institute (ARI) Standard 240. Units
shall be listed by Underwriters' Laboratories, or equal, and shall display the ARI symbol of
certification.

Performance

Site Built Housing - Air Source Heat Pumps shall have an HSPF rating of not less than 8.5
and SEER ratings of not less than 14.0, as certified by ARI.

Protective Devices

Equipment should be provided with a crankcase heater and a liquid-line filter drier. Delay
timers to protect against damage from short cycling of the compressor and compressor motor
start-assist kits shall be installed when recommended by the manufacturer. The compressor
shall be protected from abnormal operating pressures, temperatures, and loss of refrigerant by
suitable pressure or temperature overload devices.

If a low ambient temperature compressor cutout option is installed, it shall not cutout the
compressor at temperatures above 0°F.

To prevent floodback of liquid refrigerant to the compressor, a suction line accumulator shall
be installed, unless not recommended by the manufacturer.

3.0 PARTICIPATING INSTALLER REQUIREMENTS

3.1

PTCS ASHP

Training

Participating Installer shall be responsible for the technical competence and qualifications of
his salespeople, installers, and service mechanics. These personnel should participate in at
least one manufacturer's training session on heat pump application, installation, or service
annually or equivalent training. At least one fourth of all the Participating Installer's installers

19



3.2

3.3

3.3

PTCS ASHP

should be Refrigeration Service Engineers Society (RSES) or North American Technicial
Excellence (NATE) heat pump certified or have equivalent certification. At least one System
Installer or Technician on each HVAC Contractor job shall be certified in Air Conditioning
Contractors of America (ACCA) Manual D. System Designers shall be certified in ACCA
Manual D and Manual J.

Alternately, duct design, heat pump sizing, and installations may be certified by the utility if
the utility has staff that is certified in ACCA’s Manual D and Manual J.

Certification

Each system installed shall have the heat pump installation certified by an RTF approved
PTCS Service Provider as a “Certified PTCS Heat Pump Installation”. This requires testing
and documentation of auxiliary heat controls, airflow across indoor coil, and refrigerant
charge by an RTF approved PTCS Service Provider certified “Heat Pump Technician”.

Systems installed in houses with a substantial amount of ductwork in unconditioned space
shall have the duct system certified by an RTF approved PTCS Service Provider as a
“Certified PTCS Duct System”. This requres duct testing and may require sealing by an RTF
approved PTCS Service Provider certified “Duct Technician” according to the “PTCS Duct
System Diagnostic Field Guide, Program Standards, Testing Procedures and Reporting
Forms”.

Applicable heat pump installation and duct system PTCS certifications shall be submitted to
the utility. The utility shall maintain record of certifications and make them available to
BPA, the RTF, or the RTF approved PTCS Service Provider upon request.

Warranty

The participating Installer shall provide to the consumer in writing the manufacturer's
warranty. Heat pump equipment shall be warranted by the manufacturer against defects in
material and workmanship for a minimum of five years from the date of start-up of the
equipment. In addition, the compressor shall be warranted by the manufacturer against
defects in material and workmanship for a minimum of five years from the date of start-up.
Warranties shall cover parts and labor. Participating Installers may offer to consumers the
manufacturer's extended warranty or service agreement to comply with the warranty
requirements. This warranty should not be considered to cover equipment failure caused by
failure to perform normal maintenance, abuse, or external causes beyond the control of the
installing Participating Installer.

Consumer Instruction

Participating Installer shall instruct the consumer in proper operation and maintenance of the
heat pump system. Participating Installer shall provide the consumer with the manufacturer's
owner's manual, demonstrate filter replacement (or cleaning), and demonstrate the operation
of all indoor thermostat controls and indicator lights to the consumer. Participating Installer
shall explain to the consumer the different operating modes of the heat pump system (e.g.,
heating, emergency heat, defrost, and the effects of obstructing registers). All this information
shall be provided in an operation manual given to the owner.

20



4.0
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41

4.2

4.3

44

EQUIPMENT SELECTION

Heating and Cooling Calculations

4.1.1 Heating loss and cooling gain calculations shall be made using 70°F indoor design
temperature for heating and 75°F for cooling.

4.1.2 The recommended ASHRAE winter design temperature and cooling design
temperature for the nearest weather station representative of the installation shall be
used.

4.1.3 The recommended method and form for calculations is available in the Air
Conditioning Contractors of America (ACCA) Manual J. Alternate computer or
manual methods of calculating heating and cooling loads may be used if approved in
advance by the utility.

4.1.4 Component U-values and F-values used in the heat loss and heat gain coefficients
shall reflect the actual construction of the building and be generally consistent with
those found in ACCA Manual J 7th Edition, or later.

4.1.5 A copy of the whole house heating and cooling load calculations shall be submitted
to the utility. The utility shall hold the calculations on file and make them available
to BPA, the RTF, or the RTF approved PTCS Service Provider upon request.

4.1.6  Aninfiltration rate of 0.5 or 0.8 air changes per hour shall be used for houses built in
or after 1980 or before 1980, respectively, in sizing calculations unless a house
(de)pressurization test has been performed and an estimate is made using the result.

4.1.7 Where available, the results of duct pressurization testing shall be used to estimate
the duct system efficiency used in sizing calculations. If a duct pressurization test
has not been performed on the house, a default duct system loss of 25% shall be used.
Exception: If the air handler and all ductwork are within the thermal envelope of the
house, 0% shall be used as the duct system loss in sizing calculations.

Heat Pump System Sizing

The heat pump system shall be sized using either of the following methods, rounding up or
down to the nearest 6000 Btu/hr capacity at ARI rating conditions:

1. Heat pumps shall be sized using a 30°F Balance Point
2. Heat pumps shall be sized in accordance with the sizing method specified by the utility.

However, in no case shall the Balance Point used for sizing be higher than 35°F. A Balance
Point Worksheet shall be submitted to the utility. The utility shall hold the Balance Point
Worksheet on file and make it available to BPA, the RTF, or the RTF approved PTCS
Service Provider upon request.

Auxiliary Heat Sizing and Staging

Installed auxiliary heat capacity shall not exceed 125% of the heating design load. All
resistance heaters greater than 5 kW shall be staged.

Control of Auxiliary Heat

Auxiliary heat shall be controlled in the following manner depending on system type:
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1. For systems with a single stage of compression and for systems with multiple stages of
compression but without supply air temperature sensor control: Auxiliary heat shall be
controlled in such a manner that it does not engage when the outdoor air temperature is
above 35 °F, except when supplemental heating is required during a defrost cycle or
when emergency heating is required during a refrigeration cycle failure. Exception: If the
minimum setting available for auxiliary cutout on the indoor thermostat is 40 °F, 40 °F
may be used.

2. For systems with multiple stages of compression and supply air temperature sensor
control: Auxiliary heat shall be controlled in such a manner that it does not engage when
the supply air temperature is above 85 °F.

Method of controlling auxiliary heat shall be documented using the “PTCS Heat Pump
Startup Form: Controls Page” and submitted to the RTF approved PTCS Service Provider.

UIPMENT INSTALLATION
Access

Equipment shall be located to allow easy service access and adequate working space for
servicing any component without removal of piping, duct work, or other permanently
installed fixtures. Special care shall be taken in locating components which require frequent
attention, such as filters.

Location and Support of Indoor Units

Indoor units shall be located to permit smooth duct transitions and shall be adequately
supported or placed in a suitable platform in accordance with manufacturer's instructions and
recommendations.

Location and Support of Outdoor Units

Outdoor units shall be located to avoid restrictions in the outdoor airstream. Units shall be
mounted on an adequate, solid, secure pad which provides proper drainage and prevents a
buildup of water, snow, or ice. A minimum clearance shall be provided as per manufacturer's
instructions and recommendations. In any installation there shall be a minimum of 3 inches of
free and clear area under the outdoor coil drainage area. Condensate shall not drain onto areas
where ice formation may create a hazard (e.g. walkways).

Refrigerant Charge

Particpating Installer shall follow manufacturer’s guidelines when charging system and make
any needed adjustments for non-standard line set lengths or mismatched coils.

Refrigerant charge shall be:
a. tested using Proctor’s CheckMe program, Honeywell’s ACRx handtool, or other
approved Performance Tested Comfort Systems methods; OR
b. documented using the “PTCS Heat Pump Startup Form”.

Results from refrigerant charge test or documentation of refrigerant charge shall be submitted
to the RTF approved PTCS Service Provider.
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6.0 DUCT WORK
6.1 Design Requirements

All new duct work (including the addition of duct systems to existing housing) should be designed
and installed in accordance with recommended practice as outlined in Air Conditioning
Contractors of America (ACCA) Manual G, "Selection of Distribution Systems"; Manual E,
"Room Air Distribution Consideration™ and Manual D, "Residential Duct Design and
Equipment Selection” or Sheet Metal and Air Conditioning Contractors National Association
(SMACNA) "HVAC Duct System Design" or American Society of Heating, Refrigerating,
and Air Conditioning Engineers (ASHRAE) handbooks. Installation of balancing dampers
is recommended in order to easily adjust distribution of air to rooms.

6.1.1 Flex Duct

Flex duct shall not be used for main supply trunks in crawl spaces or areas that could
be subject to physical damage from normal occupant activities, weather or animals.
When flex duct is used for main trunks or run outs the size shall be determined by
using the "Wire Helix Flexible Duct" scale on an ACCA Duct Sizing Slide Rule, or
equivilent and all other requirements in Section 6.0 of these specifications shall be
met.

6.1.2 Building Cavities and Ducts

In newly installed ductwork, building cavities shall not be used as ducts to convey
return or supply air.

6.1.3 Static Losses
Supply and return ducts shall be designed on the basis of not more than 0.10 and 0.08
inches loss per 100 feet, respectively. Supply and Return Ducts shall be designed so
that the total system static pressure does not exceed the available static pressure
provided by the air handler at design CFM. Flex duct shall be supported in a manner
that does not create restrictions in air flow and located to minimize bending.

6.1.4 Maximum Velocities

New duct work shall be designed so air velocities do not exceed the following:

Supply Ducts

Main Ducts 900 FPM
Branch Ducts 600 FPM
Supply Outlet Face Velocity 700 FPM
Return Grills Face Velocity 500 FPM
Filter Grille Face Velocity 300 FPM

Velocity shall not create unaceptable noise levels and return air shall be sufficient
size to meet requirements of installed systems.
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6.1.7 Duct Connections

All new and all readily accessible existing duct joints, plenum drives, metal joints to
include all slips and drives shall be mechanically fastened with screws. Flexible
ducts shall be attached using nylon/plastic straps tightened with a manufacturer
approved tool (hand tightening is not acceptable) or stainless steel worm drive
clamps. Mastic and/or tape shall not be used as mechanical fasteners.

6.1.8 Zonal Pressure Relief

In new system construction, sufficient return pathways shall be provided between
axial zones (e.g. bedrooms) and the main body of the dwelling. Return pathways
include return ducts, pass-through grilles, pressure-relief ducts, or similar devices.
Return pathways should limit pressurization of axial zones to 3 Pa or less with
reference to the main body of the house when the system is operating at maximum
system airflow, tested with all doors closed.

6.2 Duct Installation
6.2.2 Insulation

6.2.2.1 All newly installed rigid ducts and plenums and accessible uninsulated
existing rigid ductwork outside the heated space shall be insulated to an
installed value of at least R-8. A vapor barrier meeting a flame spread
rating of 25 or less and smoke developed rating of 50 or less (in
accordance with ASTM E-84) shall be installed on the outside surface of
the insulation.

6.2.2.2 All newly installed flexible HVAC ducts outside the heated space shall
have an Air Diffusion Council (ADC) certified minimum R-value of R-8.

6.2.2.3 All newly installed HVAC ducts routed within exterior wall cavities shall
be insulated to a minimum installed value of R-8 between the duct and
the exterior wall sheathing.

6.2.2.4 All duct insulation shall be installed and supported using mechanical
fasteners such as permanent plastic straps or nylon twine. Tape is not a
mechanical fastener. Approved tape may be used at insulation seams to
provide a continuous barrier.

6.2.3  Air Tightness
See section 3.2 for duct sealing requirements.

6.3 System Air Flow

6.3.1 All existing ductwork shall be inspected by the HVAC Contractor for conditions
which will affect the efficiency or proper operation of the new heat pump system. It
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is the Participating Installer’s responsibility to ensure existing ductwork is
compatible with the equipment that is installed.

6.3.2 The air distribution system design and installation shall be such that air flow across
the indoor coil is as specified in the heat pump manufacturer's literature, or is
between 350 and 425 cubic feet per minute (CFM) per 12000 BTU/hr output at ARI
rating conditions if the manufacturer’s literature is not specific.

6.3.3  After installation and start-up, total airflow in the heat pump mode (in cubic feet per
minute, or CFM) across the heat pump coil shall be measured using a TrueFlow plate
or using duct pressurization fan matching method per plate or fan manufacturer’s
instructions. This shall be reported to the RTF approved PTCS Service Provider
using the “PTCS Heat Pump Startup Form”.

6.3.4 The total external static pressure acting on the system air handler shall be tested with
approved instruments and recorded at time of startup and submitted to the RTF
approved PTCS Service Provider using the “PTCS Heat Pump Startup Form”. A
measured external static pressure of more than 0.8" (200 Pa) should cause installer to
consider taking corrective measures with system ductwork.

70  FILTERS

7.1

7.2

Location

Air filters shall be installed in the return air system in a location that will be easily accessible
to the user for filter servicing and in a position where all return air and outside air will pass
through the filters before crossing the indoor coil. Filters should not be installed in crawl
spaces or attics.

Type and Size

Filter types and sizes shall meet the standard manufacturer's instructions and
recommendations. Filters and/or air cleaners that are not an intregal part of the equipment
and selected by the manufacturer shall be accepted if the total CFM is within the range as
specified by the manufactuer. Any filter that exceeds 0.22 inches pressure drop as installed
shall not be allowed.

8.0 REFRIGERANT PIPING

8.1

8.2

PTCS ASHP

Materials

Field-supplied refrigerant piping shall be clean, dehydrated, and sealed Types K and L
seamless copper tubing or the manufacturer's pre-charged tubing. Fittings shall be wrought
copper. Field supplied tubing shall be evacuated to 500 microns and purged and pressure
tested as per manufacturer's recommendation; soft solders shall not be permitted.

Sizing
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8.3

8.4

8.5

8.6

8.7

To maintain oil return to the compressor and avoid inefficiency and capacity loss,
refrigeration piping or refrigeration line set shall be sized and installed in accordance with the
manufacturer's instructions and recommendations. Piping between the two sections of split
units shall not exceed the manufacturer's maximum recommended length, horizontally or
vertically, and shall be run parallel to building lines and in a straight and workmanlike
manner to prevent oil traps.

Support

Refrigerant piping shall be properly supported in accordance with manufacturer's
specifications, ARI, and IMC (International Mechanical Code).

Penetrations

Refrigerant piping passing through openings in the unit cabinet or the building structure shall
be installed to prevent wear or sound generation due to contact with the cabinet or building
structure. All penetrations shall be properly sealed.

Insulation

Suction lines shall be insulated with a minimum of 1/2” thick continuous closed-cell foam
rubber. Where insulation is exposed to the elements, it should have a weatherproof covering.
Vapor and liquid lines shall be separated so that heat exchange does not take place. Factory
insulated pre-charged lines will be accepted.

Exposed Piping

All refrigerant piping exposed to possible damage from foot traffic around or near an outdoor
unit shall be protected or buried in PVC or other corrosion-resistant pipe, in accordance with
the manufacturer's instructions, to prevent damage to piping or pipe insulation or injury to
people, and to permit replacement if necessary.

Leak Testing, Evacuation, and Charging
Factory, as well as field joints, shall be checked and any leaks found shall be repaired.

Evacuation and charging shall be done in accordance with the manufacturer's instructions and
recommendations.

9.0 CONDENSATE PIPING

9.1

9.2

PTCS ASHP

Manufacturer's Recommendations

Condensate drain piping shall meet IMC and should be copper, plastic, or other corrosion-
resistant material.

Drains
Condensate drain lines shall be trapped and run to an open drain or outside of the building

foundation. Under no circumstances may condensate be drained into a crawl space or direct
connected into a sewer line. When indoor units are located in attics, the installation should
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9.3

include a secondary drain pain to collect condensate when a problem exists in the primary
drain line. The secondary drain pan should be connected to a drain line that will drip at a
location that will draw attention to the problem in the primary drain line.

Condensate Pump

Condensate drain lines shall be pitched in the direction of flow to prevent backup of overflow
of water in the drain pan. If the indoor unit is lower than the floor drain or dry well, a
condensate pump shall be installed to pump condensate to the level of the drain or dry well.
An automatic control to shut down system in case of pump failure should be installed. A
check valve shall be installed if pump is not equipped with one.

10.0 ELECTRICAL

10.1

Field Wiring

All field wiring, line and low-voltage, shall comply with the manufacturer's
recommendations, the National Electrical Code, and all local codes and ordinances.

11.0 INDOOR THERMOSTATS

111

11.2

11.3

114

Installation

Indoor thermostats shall be located and installed according to the manufacturer's instructions
and recommendations. Thermostats generally are installed 5 feet off the floor on an inside
wall in the return airflow pattern, and where they are not in the sun or any other heat source at
any time.

Auxiliary Heat Indicator

Thermostat shall provide a visible indication when the auxiliary stage or emergency heat are
operating.

Heating and Cooling

Thermostats used for both heating and cooling shall have a manual changeover feature or
heating/cooling lockout to prevent cross-cycling between heating and cooling.

Emergency Heat Relay
All indoor thermostats shall include a manual selector switch to permit all supplemental

heaters or the furnace to be energized under control of the indoor thermostat (with the
compressor and outdoor thermostats bypassed).

12.0 ADD-ON HEAT PUMP TO GAS, PROPANE OR OIL FURNACE

121
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Indoor Coil

For an add-on heat pump, the indoor coil shall be installed in the downstream air from the
heat exchanger according to the International Mechanical Code.

27



12.2  Furnace Operation

The furnace shall lock out the heat pump when it operates on second-stage heat, unless heat
pump manufacturer's special add-on heat pump control permits operation of both.

12.3  Emergency Heat Operation

Emergency heat switch shall activate the furnace and bypass the heat pump.

q:\te\rtfispecifications\fy07 revisons\heat pump installation and commissioning\ashpspecs_fy07.doc
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