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HOT GAS BYPASS SYSTEM DESIGN

The Bot Gas Bypass System Design consists of two important modifications to the standard, proven air
comditioning enit: system capacity control and head pressure control. Each of these sets of controls perform
a specific function but both are necessary and dependent upon one another in the overall operation of the

fysten.

The system is designed for outdoor operating temperature range of -10 degrees F Lo 115 degrees F. Both the
head pressure control and the system capacity control are accomplished in the refrigerant cycle design and are
independent of the electrical circuit. Therefore, it can be applied to all voltage, phase, KX and other

variations of basic system design package air conditioners,

SYSTEM CAPACITY CONTROL

The hot gae bypass valve wonitors the cutlet pressure
of the evaporator and the retumn air temperature to
the unit and will begin to modulate open as the load
on the unit decreases to the point where the
evaporator temperature is at the setpoint of the
bypass valve. The bypass valves are factory adjusted
to a setting of 7O pmig (41 degree F evaporitor
tesperature). This means that the compressor can be
operated continuously and the minimm evaporator
tesperature will be maintained at 41 degrees F
regardless of indoor or outdoor load conditions.
Should a lower miniwum evaporator tespetature be
degired, it can be reduced to 36 degrees ¥ by turning
the adjusting screv in the end of the resote adjusting
bulb in a cow direction. A 46 degree F evaporator
tewperature can be achieved by turning the adjusting
screw to its full cv position.

The hot gas bypase valve (also called Discharge Bypass
Yalve, or DBY) responde to changes in downstresa
pressure (gsuction pressure) from the evaporator.

When the evaporating pressure iz above the valve
setting, tbe valve remains closed. As the suction
pressure drope below the valve setting, the valve
responds and begins to open. As with all sodulating
type valvey, the ssount of opening is proportional to
the change in the varjabis being controlled--in this
cage the soctiom pressure. As the sguction pressure
continues to drop, the valve continues to open farther
until the limit of the valve stroke ig reached. See
Figure 1,
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Adjusting Spring

NOTE: Figure 1 depicts a basic “adjustable spring type" DBY. All Bard units esploy an "adjustable remote bulb
type" where the adjusting spring shown on top of valve in Figure 1 is in a 7/8" & 4.5" ulb and located
in the evaporator air stream. The adjustwent ecrew is on tbe open end (end opposite capillary tubing).



Bypass To Evaporator Inlet With Distributor
This method of application, illustrated in Figure 2, provides distinct advantages.

The primary advantage of this method is that the system thermostatic empansion valve will respond to the
increased superheat of the vapor leaving the evaporator and will provide the liquid required for
desuperheating. Also the evaporator serves as an excellent mixing chawber for the bypassed hot gas and the
liquid-vapor wirture from the expansion valve. This ensures a dry vapor reaching the compressor suction. O0il
return from the evaporator is also improved since the velocity in the evaporator is kept high by the hot gas,

FIGURE 2
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Externally Equalized Bypass Valves

Since the primary function of the DBV is to maintain suction pressure, the compressor suction pressure is the
control pressure and sust be exerted on the underside of the valve diaphrage. When the DBY is applied as shown
in Fiqure 2 vhere there iz an appreciable pressure drop between tbe valve oatlet and the compressor suction,
the externally equaiized valve must be used. This is true because when the valve opens, a gudden rige in
pressure occurs at the valve outlet,

A thernal expamsion valve vith external equalizer and a special refrigerant distributor to allow hot gas
injection at the imlet of the evaporator by feeding the side connection distributor ie utilized. The expansion
valve also has a rapid pressurs balancing feature to allow system pressure equalization during any periods the

compressor may be turped off.
HEAD PRESSURE CONTROL

Dexign of air conditioning system utilizing air cooled condensing units involves two main probless which must
be solved if the system is to operate reliably and economically....high ambient and low ambient operation. If
the condensing unit is properly sized, it will operste satisfactorily during extremely high ambient
tewperatures. FHowever, since most wnits will be required to operate at ambient temperatures below their design
dry bulb temperature during most of the year, the solution to low ambient operation is more complex,

Without good head pressure control during low ambient operation, the system can emperience both rumning cycle
and off-cycle problem, Two running cycle problems are of prime concern:



1. Since the pressure differential across the thermostatic empansion valve port affects the rate of
refrigerant flow, low head pressure generally causes insufficient refrigerant to be fed to the evaporator.

2. Any eystem using hot gaz for coepressor capacity control must have a noreal head pressure to operate
properly. In either case failure to have sufficient head pressure will result in low suction pressure
and/or iced evaporator coils.

The primary off-cycle problem is the possible inability to get the system on-the—iine if the refrigerant has
migrated to the condenser. Insufficient flow through the TEV wili cause a iow suction pressure which results

in cospressor cycling.

When low awbient conditions are encountered during operation on air cooled syetems with the resultant drop in
condensing pressure, Head Pressure Control’s purpose is to hold back enough of the condensed liquid refrigerant
go that some of the condenser surface is rendered inactive. This reduction of active condensing surface
regults in a rise in condensing pressure and sufficient liguid line pressure for normal system operation.

A head pressure control valve and a pressure differsntial valve are used in conjunction with a receiver to
allow for proper head pressure control. Any system using hot gas for capacity control must have a aormal head
presgure to operate properly.

The operation of the valve types....ORI and ORD....is discuseed below. When the operation of each valve is
understood, it is easier to apply them to systems that require head pressure control.

ORI Valve Operation
FIGURE 3

The (R] head pressure control valve is an inlet

pressure requlating valve and responds to changes in ﬂ

condensing pressure only. The valve designation Co—
stands for Opens on Rise of Inlet pressure. As ehowm v i
in Pigure 3, the outlet preesure ig exerted on the ;
underside of the bellows and on top of the seat disc. el

Since the effective area of the bellows ie egnal to
the area of the port, the outlet pressure cancels out
the inlet pressure acting on the bottom of the seat
disc opposes the adjusting spring force. These two
forces are the operating forces of the ORI.

Adjusting Spring

Bellows

When the outdoor smbient temperature changes, the ORI
opent or cloves in response to the change in
condensing pressure, An increase in inlet pressure :
above the valva setting tends to open the valve. And : TR - i il tet
if the smbient temperature drops, the condenser
capacity is imcressed amd the condensing preseure
drope off. This ceuses the ORI to start to close or Seat
asgme a throttling position.

The head pressure control valve will begin to throttie : )

when the condensing pressure falls below the setting #
of the valve, This restricts the flov of liquid from
the condenser, causing the refrigerant to back up into
the condenser and raising the head pressure. The
valve is factory set to maintain a nominal 225 psig
minimm head preseure. Head pressures of higher than
225 peiq will occur during any conditions of indoor or
outdoor loading that would dictate so.




ORD Vatlve Operation

The ORD valve iy a pressure differential valve that responds to changes in the pressure difference across the
valve, Piqure 4. The valve designation stands for Opens on Rise of Differential pressure, Therefore, the ORD
is dependent on some other control valve or action for its operation. And in this respect, it is uged with the
OR! for head pressure control.

Ag the ORI valve starts to throttle, the flow of liguid refrigerant from the condenser, a pressure differential
ie created across the ORD. When the differential reaches 25 psi, the ORD starts to open and bypasses hot gas
to the liquid line. As the differential increases, the ORD opens further until its full stroke is reached at 2
differential of 30 pei. The hot gas flowing through the pressure differential valve heats up the cold liguid
being pessad by the head pressure control valve, and the liquid refrigerant reaching the receiver is warm and
vith sufficient pressure to assure proper expansion valve operation.

Adjustable ORI/ORD System Operation '
ZIGURE 5
The edjustable ORI head preseure control valve and the

non-adjustable ORD pressure differential valve External Equalizer
cosprise an improved system of head pressure control,

The operation of the ORI/CRD system is such that a
constant receiver pressure is maintained for normal Evaporator C
systes operation, Sight

Distributor TEY Glass
As shoum in Figure 5, the ORI is located in the liquid

line between tha condemser and the receiver. And the Filter /Drier
ORD ig located in a hot gas line bypassing the Condenser oRt

condenser. Durimg periods of low ambient tesperature, |

the condenzing pressure falle until it approaches the ORD-4-28

setting of the ORT valve. The (RI then throttles,
restricting the tlow of liquid from the condenser.
This causes refrigeramt to back up in the condenser com

thoe reducing the active comdenser surfoce. This 4 ) Recetver
raises the condensing pressure, Since it is really

receiver preesure that needs to be maintained, the
bypags 1ine with the ORD is required.




The ORD opens after the ORI has offered enough restriction to cause the differential between condensing
pressure and receiver pressure to erceed 25 psi. The hot gas flowing through the ORD serves to heat up the
cold liquid being passed by the ORI. Thus the liquid reaches the receiver warm and with sufficient pressure to
assure proper epansion valve operation. As lonq as sufficient refrigerant charge is in the system, the two
valves modulate the flow automatically to maintain proper receiver pressure regardless of outside ambient.

Refrigerant Charge

When "refrigerant side” head pressure contro! is utilized on a system, two additional considerations nust be
completely analyzed. First of all, there must be tbe correct amount of refrigerant to flood the condenser at
the lovest expected ambient and still have enough charge in the system for proper operation. A shortage of
refrigerant will cause hot gas to emter the liquid line and the expension valve, and refrigeration will cease.
Too mich charge doesn't cause any operating difficulties during the low ambient season; however, this will
cause high head pressures during the summer season whem head pressure comtrol ie not required.

Secondly, the receiver must have sufficient capacity to hold all of the liquid refrigerant in the system, since
it will be returned to the receiver when high ambient conditions prevail. If the receiver is too small, liquid
refrigerant will be held back in the condenser during the high ambjent conditions and excessively high
discharge pressure will be experienced,

The receiver has beem eized to hold tbe necessary amount of refrigerant required duriug light load conditions
80 the heed pressure control system can function properly, and also to accommodate the surplue charge that
occurs under periods of normal loading at the varmer cutdoor tewperatures. Any erratic operating during light
load conditions either inside or outside comld be attributed to an undercharge of refrigerant even though the
unit may operate normally at higher temperatures. Because of the complexity of the system design and
operation, the only vay to assure correct system charge and operating characteristics over tbe entire design
operating range of the unit is to cospletely recharge the system with the total amount of R-Z2 shown on the
unit serial plate after proper lead test and evacuation procedures have beem followed.

TROUBLESHOOTING GUIDE

Troubleshooting the refrigerant system can be quite complicated because of the number of refrigerant valves in
the systes. There are two devices inetalled in the gystem to aid in this process:

1. A liquid line sight glass is located directly above the filter-drier. If a solid column of refrigerant is
not present during norsal operation, an undercharge ot defective pressure differential valve should be

suspected.

2. A manual shutoff vaive is installed in the feed line from the discharge line to the hot gas bypase valve.
This valve is normaily open but can be closed down by service personnel to help in evaluating system
operation should it be meceesary.

Please refer to Pigure B, Refrigerant System Troubleshooting Guide, for complete details.



REFRIGERANT PIPING AND Fi.OW DIAGRAM

Barlier in this manual Figure 2 reviewed the components used in System Capacity Control and Figure 5 those used
tor fead Pressure Control. Please refer to Figure 6 for complete piping diagram including System Capacity and
Head Pressure Control.
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TYPICAL CONTROL CIRCUIT WIRING

The air conditioning portion of the system is designed for continuous run type of operation for those types of
installations that require cooling operation without-cycling of the compreseor durimg critical periods (see
earlier discussion titled "System Capacity Control™).

Many systess may also employ electric heaters for certain conditions that may necessitate heatimg rather than
cooling operation,

The control of the space temperature is dependent upon several variables such as basic size of the air
conditioner; structure design, internal heat gemerstion from people, lights and equipeent; and external weather
conditiona.

A generally recosmended control circuit would consist of comventional heat/cool wall thersostat with an
sdditiona) SPSY toggle mwitch used to provide a manual cooling switch (continuous run type of operation}. This
would allow the flexibility of having the vall thersostat cycle the compressor during mon-critical periods, and
when the manual cooling switch is thrown (closed) the compressor would run all of the time. A secondary
feature of this type of set-up is that the manual cooling ewitch can be activated, and at the same time the
vall thermostat can be set for hesting and the thermostat adjusted to the desired tewperature. This would
allow the electrical heater to cycle on demand to help requlate the space temperature. This type of operation
nay prove helpfol if the bagic air conditioner is way oversized or there are temporary conditions when a major
portion of the heat producing equipment within the tuilding is shut down for some reason.
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Shosm below is a typical 24V connection.

PIGURE 7
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FIGURE 9

HOT GAS BYPASS SYSTEM
TYPICAL PIPING OIAGRAM

AQJUSTMENT SCREW IS LOCATED IN
THE ENG OF THE BLLB, TURN CEOCK-
¥ISE FOR HIGHER EVAPIRATOR TEM-
PERATLRE, COUNTERCLOCKWISE FOR
LOWER TEMPERATLIRE.
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FIGURE 10

HOT GAS BYPASS SYSTEM
COMPRESSOR BURNOUT CLEANUP PRECEETURE
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IF A RUNNING BURNQUT OCCLRS, REPLACE THE LIQUID
LINE FILTER ORIER AND ACCUMLLATOR, AND INSTALL A
SUCTTION LINE FILTER ORIER.  CLEAN OP PERLACE 7'
HOT GAS BYPASS VALVE, TEV, DRD DIFFERENTIAL vALvE™
ORT CONTROL VALVE, DISCHARGE, LICUID, AMD HOT CAS
TUBING,  THE OF AMD CRO VALVES HAVE METH ZLREENS
THAT MUST BE CLEANED.
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