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Hot Gas Bypass Control Systems
On many refrigeration and air conditioning systems, the
refrigeration load will vary over a wide range. This may
be due to differences in lighting, occupancy, product
loading, ambient weather variations, or other factors. In
such cases compressor capacity control is a necessity
for satisfactory system performance.

The control setting of the valve can be varied over a wide
range by means of an adjusting screw. Because of the
reduced power consumption at lower suction pressures,
the hot gas valve should be adjusted to bypass at the
minimum suction pressure within the compressor's
operating limits which will result in acceptable system
performance.

The simplest form of capacity control is "on-off" operation
of the compressor. Under light load conditions this can
result in compressor short-cycling which may eventually
lead to compressor failure.

Continuous Operation
If a refrigeration system is properly designed and
installed, field experience indicates that maintenance
may be greatly reduced if the compressor operates
continuously within the system's design limitations as
opposed to frequent cycling. Electrical problems are
minimized, compressor lubrication is improved, and
liquid refrigerant migration is avoided.

On refrigeration applications where ice formation is not
a problem, users frequently reduce the low pressure
cut-out setting to a point beyond the design limits of the
system in order to prevent short-cycling. As a result, the
compressor may operate for long periods at extremely
low evaporating temperatures. Compressor capacity
decreases rapidly with reduction in suction pressure, but
the reduced refrigerant velocity frequently is inadequate
to return oil to the compressor. Operation of the system
at temperatures below those for which it was designed
may also lead to overheating of the motor-compressor.
Both of these conditions can cause compressor damage
and ultimate failure.

Therefore, on systems with multiple evaporators where
the refrigeration load is continuous, but may vary over
a wide range, hot gas bypass may not only provide a
convenient means of capacity control, it may also result
in more satisfactory and more economical operation.
Bypass Into Evaporator Inlet
On single evaporator, close connected systems, it
is frequently possible to introduce the hot gas into
the evaporator inlet immediately after the expansion
valve. Distributors are available with side openings
for hot gas inlet. Bypassing at the evaporator inlet has
the effect of creating an artificial cooling load. Since
the regular system thermostatic expansion valve will
meter its feed as required to maintain its superheat
setting, the refrigerant gas returns to the compressor at
normal operating temperatures, and no motor heating
problem is involved. High velocities are maintained in
the evaporator, so oil return is aided. Because of these
advantages, this type of control is the simplest, least
costly and most satisfactory bypass system. This type
of bypass is illustrated in Figure 1.

If a compressor has unloaders, these may provide
satisfactory capacity modulation, but frequently capacity
control is required in systems without unloaders, or
beyond the steps of unloading available. Unloaders
are normally available only on larger compressors, they
add substantially to the cost of the compressor, and
they may not be suitable for low temperature operation.
Compressor Capacity Control By Means Of Hot Gas
Bypass
Compressor capacity modulation by means of hot gas
bypass is recommended where normal compressor
cycling or the use of unloaders may not be satisfactory.
Basically this is a system of bypassing the condenser with
compressor discharge gas to prevent the compressor
suction pressure from failing below a desired setting.

Bypass Into Suction Line
Where multiple evaporators are connected to one
compressor, or where the condensing unit is remove
from the evaporator it may be necessary to bypass hot
gas into the refrigerant suction line. Suction pressures
can be controlled satisfactorily with this method, but a
desuper-heating expansion valve is required to meter
liquid refrigerant into the suction line in order to keep
the temperature of the refrigerant gas returning to the

All hot gas bypass valves operate on a similar principle.
They open in response to a decrease in downstream
pressure, and modulate from fully open to fully closed
over a given range. Introduction of the hot, high pressure
gas into the low pressure side of the system at a metered
rate prevents the compressor from lowering the suction
pressure further.
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compressor within allowable limits. It is necessary
to thoroughly mix the bypassed hot gas, the liquid
refrigerant, and the return gas from the evaporator so
that the mixture entering the compressor is at the correct
temperature. A mixing chamber is recommended for
this purpose, and a suction line accumulator can serve
as an excellent mixing chamber while at the same time
protecting the compressor from liquid flood-back. See
Figure 2 for typical installation.

to maintain 65°F return gas, it will require a superheat
setting of 65°F plus 35°F or 100°F. Expansion valves
with special charges are available from expansion valve
manufacturers with superheat settings over extremely
wide ranges, although these will not normally be available
in a local wholesaler's stock. Contact the expansion
valve manufacturer's local representative for assistance
in selecting valves with nonstandard superheat settings.

Another commonly used method of mixing is to arrange
the piping so that a mixture of discharge gas and liquid
refrigerant is introduced into the suction line at some
distance from the compressor, in a suction header if
possible. Figure 3 illustrates this mixing method.

A typical hot gas bypass control system with three
evaporators is illustrated in Figure 2, together with a
schematic electric control system for cycling control of
the compressor. The double pole thermostats close
on a demand for refrigeration, and as long as any
one evaporator is demanding cooling the compressor
operates, and the hot gas bypass valve modulates flow
as necessary to prevent the suction pressure from falling
below a fixed set point.

Typical Multiple - Evaporator Control System

Solenoid Valves For Positive Shut-Off And
Pumpdown Cycle
In order to allow the system to pump down, a solenoid
valve must be installed ahead of the hot gas bypass
valve. Since the hot gas valve opens on a decrease of
downstream pressure, it will be open any time the system
pressure is reduced below its setting. If the system
control is such that this solenoid valve is closed during
the normal cooling cycle, it may also prevent possible
loss of capacity due to leakage.

If all evaporators are satisfied, all of the thermostats are
open, and all liquid line solenoid valves and the hot gas
solenoid valve are deenergized, and therefore closed.
The compressor will then cycle off on low pressure
control until thermostat again closes.
In order to protect the compressor against danger from
liquid flooding in the event of a trip of a compressor safety
device, provision must be made in the wiring circuit to
deenergize the hot gas and the desuper-heating liquid
line solenoid valves if the compressor is inoperative. On a
pumpdown system, this can be accomplished by means
of a solenoid valve control relay as shown in Figure 2.

A solenoid valve is also recommended ahead of the
desuperheating expansion valve to prevent leakage and
allow pump down. Both of the solenoid valves should
be of the normally closed type, and wired so they are
de-energized when the compressor is not operating.
Desuperheating Expansion Valve

If continuous compressor operation is desired, single
pole thermostats can be used, and the hot gas and
desuper-heating liquid line solenoid valves should be
connected directly to the load side of the compressor
contractor. In the event all three evaporators are satisfied,
the compressor will operate on 100% hot gas bypass
until cooling is again required.

If a desuperheating expansion valve is required, it
should be of adequate size to reduce the temperature
of the discharge gas to the proper level under maximum
bypass conditions. The temperature sensing bulb of the
expansion valve must be located so that it can sense the
temperature of the gas returning to the compressor after
the introduction of the hot gas and the desuperheating
liquid. Suction gas entering the compressor should be no
higher than 65°F under low temperature load conditions,
or 90°F under high temperature load conditions.

Compressors equipped with inherent protection can
cycle on the inherent protector independently of the
contractor. To avoid flooding the compressor with liquid
refrigerant in the event the inherent protector should trip,
the hot gas solenoid valve and the liquid line solenoid
valve should be connected through a current sensing
relay such as the Penn R-10A, as shown in Figure 4.

On low temperature applications where hot gas bypass
is used to prevent the compressor suction pressure
from falling below safe operating levels, valves with
unusually high superheat setting may be required. For
example, suppose a control was desired to prevent a
system using R-502 from operating below -35°F. The
temperature of the gas returning to the compressor
must be prevented from exceeding 65°F. Therefore,
when the desuperheating expansion valve is feeding,
it will sense on one side of its diaphragm, the system
pressure equivalent to -35°F. or 6.7 psig, and in order
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Power Consumption with Hot Gas Bypass
Since the power consumption as well as the capacity of
a compressor is reduced with a decrease in compressor
suction pressure, the control system should be such that
the system is allowed to reach its lowest satisfactory
operating suction pressure before hot gas is bypassed.
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Compressor Operating Limits
Compressors should not be operated outside of the
operating limits shown on the published compressor
specification sheets, and low pressure controls
should not be set below the minimum settings
shown in Table 1 without prior written approval of the
Emerson
Climate
Technologies
Application
Engineering Department.

Where major reductions in capacity are required,
operating economy may be best achieved by handling
the load with two compressors. One can be cycled for a
50% reduction in both capacity and power, while the
capacity of the compressor remaining on the line is
modulated by hot gas control.
It is not necessarily true that continuous compressor
operation with hot gas bypass will result in a higher power
bill than cycling operations for a given load. Almost all
utilities make a monthly demand charge based on peak
loads. Since the peak motor demand occurs when locked
rotor current is drawn on start-up, the utility demand
charge may reflect motor starting requirements rather
than the true running load. With continuous operation,
once the motors are on the line, starting peaks may be
eliminated, and the reduction in the demand charge
may offset the increased running power consumption.

Operating below the allowable minimum suction pressure
may result in excessive discharge temperatures which
can cause cylinder and valve damage, and may result in
lubrication problems. Since high discharge temperatures
can occur even though the motor is cool, the motor
thermostat will not protect the compressor against these
conditions.
Operation of motor-compressors beyond the
established recommended operating limits will be
considered misuse and abuse, and damage resulting
from such operation is not covered by the Emerson
warranty.

Figure 1
Typical Schematic Connection - Bypass Into Evaporator Inlet
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SCHEMATIC REFRIGERANT
PIPING DIAGRAM
AND
SCHEMATIC ELECTRICAL
WIRING DIAGRAM

Figure 2
Typical Hot Gas Bypass Control System with Bypass into Suction Line
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Figure 3
Alternative Method of Bypass Into Suction Line

TYPICAL SCHEMATIC CONNECTION
CONTINUOUS OPERATION - INHERENT PROTECTION

TYPICAL SCHEMATIC CONNECTION
CONTINUOUS OPERATION - PILOT PROTECTION

Figure 4
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Table 1
Recommended Minimum Suction Pressure and Low Pressure Control Setting
for Single Stage Copelametic Compressors Without Unloaders

*Refrigerant-cooled compressors require additional air cooling operation at these conditions.
See AE4-1135
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