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REVERSING VALVE: The reversing valve body contains the slide valve, and a solenoid operated 

pilot valve . All heat pump models discussed here, will energize the reversing valve solenoid in the 

heating mode.

ÅA 24-volt solenoid shifts the position of the pilot valve to direct suction gas to one end of the slide valve. 

High pressure gas forces the slide valve to one side and directs hot refrigerant gas to the proper coil.

COOLING MODE:
ÅThe solenoid coil is de-energized.

ÅHigh pressure discharge gas flows to the end of the slide opposite the pilot valve.

ÅForces the valve slide to the same end as the pilot valve.

ÅHot gas then flows to the outdoor coil.

HEATING MODE:

ÅThe solenoid is energized.

ÅThe pilot valve shifts and directs high 

pressure gas to the other side of the valve body.

ÅThe slide is forced to the opposite end and hot

gas to the indoor coil.

ÅThe system now heats instead of cools.
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One heat pump metering device is the flowcheck  piston. It has two functions.

ÅFirst, it acts as a refrigerant metering device controlling refrigerant flow into the evaporator.

ÅSecond, it acts as an open check valve when refrigerant flows in the opposite direction.

When refrigerant enters the device from the liquid line, the piston seats and forces all refrigerant 

through the center of the piston. It functions as a metering device controlling the amount of 

refrigerant flow.

With flow in the opposite direction, pressure moves the piston off the seat and liquid refrigerant 

flows around the piston.

FLOW CHECK PISTON
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THERMOSTATIC EXPANSION VALVES (TXV):

A thermostatic expansion valve is another refrigerant flow

control device. Most expansion valves are externally

equalizedand havenonadjustablesuperheatsettings.

ÅThe external equalizer line connectsthe valve to the outlet of

the evaporating coil. Its purpose is to allow suction line

pressureto the undersideof the power headdiaphragm. This

ensuresaccuratemetering and stablesuperheat.

ÅThermostatic expansion valves meter refrigerant to the

evaporating coil to maintain an active coil under wide

operating conditions. This improves heat pump efficiency.

Fixed orifice metering devices, like the flowcheck piston,

compromise systemperformance when operating conditions

change.

ÅRefrigerant flows through a standard expansionvalve in one

direction. When using a thermostatic expansion valve in a

heat pump, a check valve provides a path for refrigerant

flow around the valve in the reversedirection. Check valves

canbeeither ball checkvalvesor spring-loadedcheckvalves.

ÅA number of Current thermostatic expansion valves

incorporate an internal checkvalve.
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SUCTION LINE ACCUMULATOR:

ÅThe suction line accumulator 

holds liquid refrigerant and 

controls its return to the 

compressor. It is in the suction line 

between the reversing valve and 

compressor.

ÅAccumulators are on most heat 

pumps using reciprocating 

compressors. They may be used on 

scroll compressor models. The 

internal design on the accumulator 

controls refrigerant liquid and 

refrigerant oil return to the 

compressor.
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MUFFLER WITH THE HIGH 

PRESSURE SWITCH ATTACHED

MUFFLER

MUFFLERS: The discharge muffler is 

located in the discharge line between the 

compressor and the reversing valve. It 

reduces refrigerant pulsations from the 

line for quieter operation.

Be aware that some heat pumps have high 

pressure switches attached at the muffler.

THIS IS NOT A FILTER DRIER. DO NOT 

REPLACE THIS CONPONENT WITH  A 

FILTR DRIER. DOING SO WILL 

ADVERSELY AFFECT UNIT 

PERFORMANCE

NOTE: During the heating cycle, compressor 

discharge pulsations can sometimes be heard from 

the hot gas tubing within the walls of the building. 

Heat pumps are equipped with a discharge muffler 

to dampen these pulsations. An adjustable muffler 

may be required if pulsations are severe.
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CHECKING REFRIGERANT CHARGE  - Charge for all systems should be 

checked against the charging chart inside the access panel cover. Select the 

proper chart using appropriate outdoor unit/indoor coil model combinations. 

Before using any of the charts, the indoor conditions must be within 2 degrees (2 

degrees wet bulb if cooling) of desired comfort conditions, and system must be 

run until operating conditions stabilize (15 to 30 min.). If the unit is in the heating 

mode and frost has formed on the outdoor coil, the unit should be run through a 

defrost cycle before checking the charge. Caution: Do not operate the compressor 

without charge in system. Addition of R-22 will raise pressures (Vapor, liquid and 

discharge) and lower Vapor temperature. Caution: If addition of R-22 raises both 

Vapor pressure and temperature, unit is overcharged.

THINGS TO CONSIDER BEFORE
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CHARGING BY SUPERHEAT (HEATING OR COOLING) - Superheat charging 

method is used for charging systems in the cooling mode when a flow check piston is used on the indoor 

coil. Superheat is also used in the heating mode when a  flow check  piston is used on the outdoor coil 

and the outdoor temperature is above 42 degrees. Pressure readings and charging is accomplished using 

the service port located between the reversing valve and accumulator. This service port provides vapor 

pressure in both the heating and cooling modes. Vapor  temperature  readings must be taken on the vapor

line going from the accumulator to the compressor. A remote temperature indicator is most convenient. If 

this is not available a thermometer properly located and  insulated (clamped to the Suction Line between 

the Compressor and the Accumulator) can be used. Measure and record the three values required 

(Outdoor Temperature, Vapor Pressure at the Accumulator and Temperature of the Suction Line). Find the 

intersection of Vapor line pressure and outdoor ambient on the appropriate chart. The Vapor line 

temperature should approximate the intersected value on the chart. The most likely causes for the 

intersection of Vapor pressure and ambient temperature in  the open area to (left) or (right) of the table 

values are : (Left) Low charge, or Low  air flow (indoor-cooling) (outdoor-heating)    (Right): Overcharge or  

low  airflow (indoor-heating) (outdoor-cooling).

See page 15 & 16 

for plotting 

temperatures
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Vapor Pressure at Vapor Service Port  (Between Reversing Valve and Accumulator)

Outdoor 

Ambient  

Deg. F

42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82

105+

105

100

95

90

85

80

75

70

65

62

57

52

47

42 30 32 34 35 37 39 40

36 38 39 41 43 44 46

43 45 47 48 50 51 53

49 51 52 54 55 57 58

55 56 58 59 61 62 64

67 68 70 71 73 74 76 77 79 80

65 67 68 70 71 73 74 76 77 78

63 64 66 67 69 70 71 72 74 76

61 63 64 66 67 69 70 71 72 74

56 58 59 61 62 64 65 66 67 69 70

51 52 54 57 58 59 61 62 63 6555

49 51 52 54 55 56 58 59 60 62 63

46 47 49 50 51 53

54

55 57 58

42 43 45 46 47 49 50 51 53

39 42 42 43 45 46 47 49 50

Outdoor 

Ambient  

Deg. F

Indoor Ambient  Deg. F

60 70 80

37 182 208 234 23

32 170 196 222 21

27 158 184 210 19

22 147 173 200 17

17 137 163 190 15

12 129 155 182 13

7 123 149 176 10

2 118 144 170 8

-3 114 140 166 6

-8 110 136 163 4

54
ADD REFRIGERANT

REMOVE REFRIGERANT
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Vapor Pressure at Vapor Service Port  (Between Reversing Valve and Accumulator)
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Deg. F
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65 67 68 70 71 73 74 76 77 78

63 64 66 67 69 70 71 72 74 76

61 63 64 66 67 69 70 71 72 74

51 52 54 57 58 59 62 6555

49 51 52 54 55 56 58 59 62 63

46 47 49 50 51 53

54

57 58

42 43 45 46 47 49 50 53

39 42 42 43 45 46 49 50

Outdoor 

Ambient  

Deg. F

Indoor Ambient  Deg. F

60 70 80

37 182 208 234 23

32 170 196 222 21

27 158 184 210 19

22 147 173 200 17

17 137 163 190 15

12 129 155 182 13

7 123 149 176 10

2 118 144 170 8

-3 114 140 166 6

-8 110 136 163 4

54

5685 58 59 61 62 64 65 66 67 69 70

61 63

60

55

51

47

78

ADD REFRIGERANT

REMOVE REFRIGERANT

58 62 64 66 70 72 76

62
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Vapor Pressure at Vapor Service Port  (Between Reversing Valve and Accumulator)

Outdoor 

Ambient  

Deg. F
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55
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78

ADD 
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REFRIGERANT

58 62 64 66 70 72 76

Temperature  at 

Compressor
Outside Temp.
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DISCHARGE PRESURE CHECK (HEATING)   - In the heating modewith 

the outdoor temperature below 42 degrees , units using a flow check piston on the outdoor 

coil can only be accurately charged using the weight method.  At low outdoor temperatures, 

the accumulator holds refrigerant and adjusting the charge will change the liquid level in 

the accumulator  with no apparent change in the system.Discharge pressure may be used 

only to verify system charge.The service port on the vapor service valve (large valve) is 

used for this  purpose. Measure and record the three values required. (outdoor ambient,

indoor ambient and discharge pressureat the large service valve, also note the temperature

across the coil). Find the intersection of the  outdoor ambient and indoor temperature on 

the appropriate chart. The discharge pressureshould approximate the intersect value on 

the chart. (see the next page #18)
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Vapor Pressure at Vapor Service Port  (Between Reversing Valve and Accumulator)

Outdoor 

Ambient  

Deg. F
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CHARGING WEIGHT - For a new installation, evacuation of interconnecting 

tubing and indoor coil is adequate; otherwise, evacuate the entire system. Use the system 

charge shown on the charging chart for the approiate outdoor unit/indoor coil model 

combination. Note the chart value includes charge required for 25 feetof standard size 

interconnecting liquid line. Calculate actual charge required with installed liquid line size 

and length using: (1/4ò  O.D. = .3 oz./ft),  (5/16òO.D. = .4 oz,/ft.)  (3/8ò O.D. = .6 oz./ft.)   

(1/2ò O.D. =1.2 oz./ft.).With an accurate scale (+/- 1oz.) or  volumetric charging device, 

adjust charge difference between that shown on the unit data plate and that calculated for 

the new system installation. If the entire system has been evacuated, add the total calculated 

charge.   
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CLOSED OUTDOOR  

CHECK VALVE

OUTDOOR 

METERING 

DEVICE

INDOOR 

METERING 

DEVICE

INDOOR COIL IS 

SERVING AS THE 

CONDENSER

OUTDOOR COIL 

SERVING AS 

EVAPORATOR

SERVING AS 

THE SUCTION 

LINE
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RESTRICTED 

/STUCK  

METERING 

DEVICE IN THE 

INDOOR COIL 

HEATING  MODE OF 

OPPERATION

CAUSES

ÅDEBRI BLOCKING 

ORIFICE

ÅSTUCK METERING 

DEVICE

SYMPTOMS

ÅSUCTION LOW

ÅHIGHSIDE LOW

ÅHIGH SUPERHEAT

ÅCOLD METERED 

REFRIGERANT IN THE 

LIQUID LINE 

ÅINDOOR FLOODED

ÅOUTDOOR STARVED

BASIC HEAT 

PUMP CIRCUIT 

HEATING 

MODE OF 

OPERATION

FLOODED

STARVED

LOW LOW

COMPRESSOR

OPEN INDOOR 

CHECK VALVE

CLOSED OUTDOOR  

CHECK VALVE

OUTDOOR 

METERING 

DEVICE

INDOOR 

METERING 

DEVICE

STUCK 

METERING 

DEVICE

OUTDOOR COIL 

SERVING AS 

EVAPORATOR

INDOOR COIL IS 

SERVING AS THE 

CONDENSER
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RESTRICTED 

/STUCK  

METERING 

DEVICE IN THE 

OUTDOOR COIL 

HEATING  MODE OF 

OPPERATION

CAUSES

ÅDEBRI BLOCKING 

ORIFICE

ÅSTUCK METERING 

DEVICE

SYMPTOMS

ÅSUCTION LOW

ÅHIGHSIDE HIGH

ÅHIGH SUPERHEAT

ÅINDOOR FLOODED

ÅOUTDOOR STARVED

BASIC HEAT 

PUMP CIRCUIT 

HEATING 

MODE OF 

OPERATION

FLOODED

STARVED

LOW HIGH

COMPRESSOR

OPEN INDOOR 

CHECK VALVE

CLOSED OUTDOOR  

CHECK VALVE

OUTDOOR 

METERING 

DEVICE

INDOOR 

METERING 

DEVICE

STUCK 

METERING 

DEVICE

OUTDOOR COIL 

SERVING AS 

EVAPORATOR

INDOOR COIL IS 

SERVING AS THE 

CONDENSER

Indoor coil is too 

small to handle 

complete charge 

therefore the 

highside pressure 

goes up
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FLOW CHECK IS 

STUCK OPEN IN 

THE OUTDOOR 

COIL 

HEATING  MODE OF 

OPPERATION

CAUSES

ÅDEBRI BLOCKING 

FLOWCHECK

ÅSTUCK

SYMPTOMS

ÅSUCTION HIGH

ÅHIGHSIDE LOW

ÅLOW SUPERHEAT

ÅLOW SUB COOLING 

ÅINDOOR STARVED

ÅOUTDOOR FLOODED

BASIC HEAT 

PUMP CIRCUIT 

HEATING 

MODE OF 

OPERATION

STARVED

FLOODED

HIGH LOW

COMPRESSOR

OPEN INDOOR 

CHECK VALVE

CLOSED OUTDOOR  

CHECK VALVE

OUTDOOR 

METERING 

DEVICE

INDOOR 

METERING 

DEVICE

STUCK OPEN 

FLOW CHECK 

VALVE 

BYPASSING 

LIQUID

INDOOR COIL IS 

SERVING AS THE 

CONDENSER

OUTDOOR COIL 

SERVING AS 

EVAPORATOR
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REVERSING 

VALVE IS 

LEAKING HIGH 

PRESSURE GAS 

INTO SUCTION 

SIDE 

HEATING  MODE OF 

OPPERATION

CAUSES

ÅSLIDE IS STICKING

SYMPTOMS

ÅSUCTION HIGH

ÅHIGHSIDE LOW

ÅHIGH SUPERHEAT

ÅLOW SUB COOLING 

ÅINDOOR STARVED

ÅOUTDOOR FLOODED

BASIC HEAT 

PUMP CIRCUIT 

HEATING 

MODE OF 

OPERATION

STARVED

FLOODED

HIGH LOW

COMPRESSOR

OPEN INDOOR 

CHECK VALVE
CLOSED OUTDOOR  

CHECK VALVE

OUTDOOR 

METERING 

DEVICE

INDOOR 

METERING 

DEVICEIF THERE IS A TEMPERATURE RISE OF 

MORE THAN 7 DEG. F.  FROM INLET 

LINE ON THE REVERSING VALVE TO 

THE COMMON MIDDLE PORT ON THE 

REVERSING VALVE, REPLACE THE 

REVERSING VALVE.

THE MIDDLE LINE ON THE 

REVERSING VALVE SHOULD BE 

THE SAME TEMPERATURE AS 

THE ONE TO ITôS RIGHT AND 

MUCH COOLER THAN THE ONE 

TO ITôS LEFT.

OUTDOOR COIL 

SERVING AS 

EVAPORATOR
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¶ When the thermostat ñcalls for heat,ò the
circuits between R and B, R and YY  and R and G
are completed. Circuit R and B energizes the
reversing Valve (RV) switching it to the heating
position (the reversing valve remains energized
as long as the selector switch is in ñheatò
position). Circuit R and YY energizes the
contactor (CC) starting the outdoor fan motor
(OFM) and compressor (COMP). Circuit R and G
energizes the blower relay (BR) starting the
indoor blower motor (IBM).

¶ If the room temperature should continue to fall,
circuit R  and WW22 is completed by the second-
stage heating room-thermostat. Circuit R-WW22

energizes a heat sequencer or Watt Restrictor.
The completed circuit will energize
supplemental electric heat. Units with a second
heater sequencer can be connected with first
sequencer to WW22 on the thermostat or connected
to a third heating stage WW22      on the sub-base.
A light on the thermostat indicates when
supplemental heat is being energized.

View page 40 

on screen 

while reading 

this page.

3
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Mercury 

Closing

First Stage

24 Volts 

Selector 

Switch to 

Heat

Reversing Valve

24 VAC

Defrost Relay

purple

Blue

Heat Relay 1

contactor

R2

Y2

Hot Gas Sensor

High Pressure 

Control

R1

Y1

4 6

5

SENOUT

COM

Defrost 

Relay coil

Defrost 

Sensor
Hold

24 V

Defrost Control

Mercury 

Closing

Second Stage

Defrost 

heater 

Control

W2

Y

G

R

Heat Relay 2

W3

W/BL

W/BK
Watt

restrictor

Blower Relay

OUTSIDE UNIT

INSIDE UNIT

TENNESSEE VALLEY TECHNICAL 

PROGRAMS

HEAT PUMPS

by Dennis W. Mayes

JANUARY 2000

B
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240 VAC

LIMIT 

CONTROL 2

LIMIT 

CONTROL 1

LIMIT 

CONTROL 3

HEATING 

ELEMENT 2

HEATING 

ELEMENT1

HEATING 

ELEMENT3

HEAT 

RELAY 

2

HEAT 

RELAY 

2

HEAT 

RELAY 

1

OR
INSIDE 

BLOWER 

MOTOR
CAPACITOR

BR

LO

MED

HIGH

BLOWER 

RELAY

NO

NC

HEAT 

RELAY 

1

24 VAC

240 VAC

CONTROL 

TRANSFORMER
GROUND

R

E

D

BR

BLOWER 

RELAY

WHITE 

BLUE

GREEN 

BLACK

HEAT 

RELAY 2

WHITE 

BLACK

DEFROST 

HEATER 

CONTROL

HEAT 

RELAY 1

WATT 

RESTRICTOR

TENNESSEE VALLEY TECHNICAL 

PROGRAMS

HEAT PUMPS

by Dennis W. Mayes

JANUARY 2000

24VAC

The Watt Restrictor will open 

between 90F and 95F and close 

between 70Fand 75F

SEE PG. 50
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Thermostat
RGW X
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DD EEMM AANN DD   DD EEFF RR OOSSTT   CCOONN TT RR OOLL

The demand defrost control is a printed circuit board assembly consisting
of solid state control devices with Electro-mechanical outputs. The demand
defrost control monitors the outdoor ambient temperature, outdoor coil
temperature, and the compressor run-time to determine when a defrost
cycle is required.

DD EEFF RR OOSSTT   II NN II TT II AATT II OONN

A DEFROST WILL BE INITIATED WHEN THE THREE CONDITIONS BELOW
ARE SATISFIED:

¶ The outdoor coil temperature is below 35 F̄.

¶ The compressor has operated for at least 34 minutes with the outdoor

coil temperature below 35 F̄.

¶ The measured difference between the ambient temperature and the
outdoor coil temperature is greater than the calculated delta T.

Additionally, a defrost will be initiated if six hours of accumulated
compressor run-time has elapsed without a defrost with the outdoor coil

temperature below 35 F̄.

DD EEFF RR OOSSTT   TT EERR MM II NN AATT II OONN

Once a defrost is initiated, the defrost will continue until fourteen minutes
has elapsed or the coil temperature has reached the terminate temperature.

The terminate temperature is factory set at 70 F̄ although the temperature

can be changed to 50 F̄., 60 F̄., 70 F̄ or 80 F̄, by relocating a jumper on the
board.

See  page 46 for 

testing Demand 

Defrost Models
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TEMPERATURE SENSORS

The coil sensor is clipped to the top tube on the
outdoor coil at the point feed by the distribution tubes
from the expansion devise (short 3/8ò dia. tube).

 The air sensor is located on the defrost control board.

If the air sensor fails the defrost control will initiate a
defrost every 34 minutes with the coil temperature

below 35 F̄.

If the coil sensor fails to close the defrost control will
not initiate a defrost.


