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CROSS-SECTIONAL VIEW OF COPELAMETIC® MOTOR-COMPRESSOR

CROSS-SECTIONAL VIEW OF COPELAMETIC MOTOR-COMPRESSOR
Figure 1.3
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COMPRESSORS

The compressor has two functions in the compression
refrigeration cycle. First it removes the refrigerant vapor from the
evaporator and reduces the pressure in the evaporator to a
point where the desired evaporating temperature can be
maintained. Second, the compressor raises the pressure of the
refrigerant vapor to a level high enough so that the saturation
temperature is higher than the temperature of the cooling
medium available for condensing the refrigerant vapor.
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Refrigeration Compressors

period two
Compressor Capacity Control

The capacity of a compressor is defined by the volume of evaporated
refrigerant that can be compressed within a given time period. The compressor
needs a method of capacity control in order to match the ever-changing load on
the system.

Methods of Compressor Unloading

4 Reciprocating Cylinder Unloaders

4 Scroll Cycle On and Off

4 Helical-Rotary Slide Valve

4 Centrifugal Inlet Vanes
Variable Speed

Capacity control is commonly accomplished by unloading the compressor. The
method used for unloading generally depends on the type of compressor.

Many reciprocating compressors use cylinder unloaders. Scroll compressors
generally cycle on and off. Helical-rotary compressors use a slide valve or a
similar unloading device. Centrifugal compressors typically use inlet vanes or a
variable-speed drive in combination with inlet vanes. In addition, all four types
of compressors could use variable speed to control their capacity.
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period two
Compressor Capacity Control

Cylinder Unloaders
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Cylinder Unloaders

Most large reciprocating compressors (above 10 tons [35 kW]) are fitted with
cylinder unloaders that are used to match the compressor’s refrigerant-
pumping capacity with the falling evaporator load, by progressively
deactivating piston-cylinder pairs.

The cylinder unloader shown in this example reciprocating compressor uses an
electrically-actuated unloader valve to close the suction passage to the cylinder
that is being unloaded.

In response to a decreasing load, an electronic controller sends a signal to open
a solenoid valve. This solenoid valve diverts pressurized refrigerant vapor from
the compressor discharge to the top of the unloader valve, causing the
unloader valve to close and shut off the flow of refrigerant vapor into the
cylinder. Even though the piston continues to travel back and forth inside this
cylinder, it is no longer performing compression since it cannot take in any
refrigerant vapor.
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Cylinder Unloaders
—_— [ controller
solenoid valve
unloader
valve
refrigerant discharge
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In response to an increasing load, the controller sends a signal to close the
solenoid valve. This closes the port that allows the pressurized refrigerant
vapor to travel to the top of the unloader valve. A controlled leakage rate
around the unloader valve relieves the pressure, allowing the valve to open and
refrigerant vapor to once again flow to the cylinder to be compressed.

Another type of cylinder unloader uses either pressure or electrically-actuated
valving mechanisms to hold open the suction valve of the piston-cylinder pair.
Since the suction valve is prevented from closing, no compression occurs in
that cylinder and the discharge valve does not open. Still other types of cylinder
unloaders divert the compressed refrigerant vapor back to the suction side of
the compressor. In contrast to the cylinder unloaders shown, these other
methods expend energy in moving refrigerant vapor during both the upward
and downward piston strokes within the unloaded cylinders.
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Capacity Versus Suction Temperature
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A plot of compressor capacity versus suction temperature (assuming a constant
condensing temperature) reveals that the capacity of the compressor increases
as the suction temperature increases. As the suction temperature, and,
therefore, the suction pressure, increases, the refrigerant vapor becomes
denser. A greater quantity of refrigerant can be compressed in a given
compression cycle and the capacity of the compressor is higher.

For an example nominal-30-ton [105 kW] reciprocating compressor that has six
cylinders, Figure 31 shows the capacity produced by the various stages of
unloading. Four of the six cylinders are equipped with unloaders, and two
cylinders are unloaded as a pair. The compressor, therefore, can operate with
all six cylinders loaded, with four cylinders loaded, with only two cylinders
loaded, or it can shut off. Again, these capacity curves assume the compressor
IS operating at a constant condensing (discharge) pressure.
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Compressor Unloading
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At design conditions, the capacities of the evaporator coil and compressor
balance (A) at a suction temperature of 45°F [7.2°C] and a capacity of 31 tons
[109 kW]. As the cooling load decreases below this balance point, assuming a
constant condensing pressure, the compressor pumping capacity decreases
with the falling suction temperature along the six-cylinder curve until it reaches
B. Here, the compressor unloads the first set of two cylinders.

When the first set of two cylinders is unloaded, the compressor operates with
only four active cylinders and the compressor capacity falls immediately to

19 tons [66.8 kW] along the four-cylinder curve (C). As the load continues to
decrease, the capacity and suction temperature follow the four-cylinder curve
until it reaches D. Here, the second set of two cylinders is unloaded, decreasing
the compressor capacity to 9.5 tons [33.4 kW] along the two-cylinder curve (E).

As the load continues to decrease, the suction temperature reaches the
minimum set point, 28°F [-2.2°C] in this example (F}, and the two remaining
cylinders are deactivated by shutting off the compressor. The minimum
capacity of the compressor in this example is 7 tons [24.6 kW].

This illustrates how cylinder unloading extends the stable part-load range of a
reciprocating compressor. The example compressor is able to perform over
77% of its capacity range (31 tons to 7 tons [109 kW to 24.6 kW]). An increasing
load reverses the sequence.
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Alternating Cylinders On and Off

pew]  20°F W°F 40°F 5F°F
[&rg) SRV [47) [10°c]
suction temperature

In the case of comfort-cooling applications, however, the load generally
changes slowly in small intervals. For example, assume that the load decreases
from 28 tons [98.5 kW] (B) to 25 tons [88 kW]. In response to the decreasing
load, the compressor unloads to € on the four-cylinder capacity curve where it
has a pumping capacity equivalent to 19 tons [66.8 kW]. The 25-ton [88-kW]
evaporator load causes the suction temperature to rise and the capacity of the
compressor increases toward D. When the load reaches D the compressor
reloads the first set of two cylinders and the compressor capacity jumps to

31 tons [109 kW)]. Because, at this point, the available compressor capacity
exceeds the evaporator load, the suction temperature decreases toward B
where the compressor is again unloaded to C.

From this example, it becomes obvious that the compressor and evaporator
cannot reach a balance point while the evaporator load remains between these
stages of compressor loading. This example compressor can produce a
pumping capacity of 28 tons [98.5 kW] (B) with six cylinders loaded or 22 tons
[77.4 kW] (D) with four cylinders loaded. It cannot exactly match the 25-ton
[88-kW|] evaporator load. As long as the evaporator load remains between the
capacities produced by four and six cylinders, the compressor will alternate
between the two stages of loading in an effort to produce an “average”
capacity of 25 tons [88 kW].

Alternating between these stages of loading does not harm the reciprocating
compressor. The only time it should be avoided is when the compressor must
cycle between off and on to balance a load that is less than the minimum stage
of compressor loading. Excessive starting and stopping of large reciprocating
compressor motors is generally discouraged due to the mechanical wear on a
motor of that size.
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Cycling On and Off
on off o off

Cycling On and Off

Scroll compressors do not have valves or unloaders. A piece of equipment that
uses scroll compressors generally unloads by using multiple compressors and
turning them on and off, as needed, to satisfy the evaporator load.
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Cycling Scroll Compressors

reciprocating scroll

#of #of
cylnders nominal  compressors nominal
step aclive  capacity acive  capacly

1 2 10fons 1 10fons
[35 kW] [35 kW]
2 4 20tons 2 20tons
(10w 10Kk
3 6 30tons 3 30 tons
[105 kW] [105 kW]
4 8 40 tons 4 40 tons
(140 kW] (140 kW)

Cycling multiple scroll compressors is very similar to the use of cylinder
unloaders on a single reciprocating compressor. As an example, a large 40-ton
[140.6-kW] reciprocating compressor may have eight cylinders with unloaders
on six of them, allowing it to unload in equal steps of 10 tons [35.2 kW] each,
with @ minimum nominal capacity of 10 tons [35.2 kW].

A similar 40-ton [140.6-kW] unit using scroll compressors would include four
separate 10-ton [35.2-kW] scroll compressors. Just as the reciprocating
compressor unloads in equal intervals by unloading a pair of cylinders, the
scroll compressor unit unloads in the same 10-ton [35.2-kW] intervals by
shutting off individual compressors.
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Cycling Scroll Compressors
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At design conditions, the capacities of the evaporator and this four-compressor
unit balance at a suction temperature of 43°F [6.1°C] and a capacity of 44 tons
[154.7 kW] (A). As the cooling load decreases below this balance point,
assuming a constant condensing pressure, the capacity of the unit decreases
with the falling suction temperature along the four-compressor curve until it
reaches B. Here, the first scroll compressor is shut off and the capacity of the
unit decreases immediately to 30 tons [105.5 kW] (C) along the three-
COmMpressor curve.

As the load continues to decrease, the individual compressors shut off in a
similar manner until the suction temperature reaches a minimum set point and
the final compressor is shut off. The minimum capacity of the four-compressor
unit in this example is 8 tons [28.1 kWI.

Excessive starting and stopping of scroll compressors is not a concern. The
reciprocating compressor system on Figure 35 includes a single large
compressor with a single large motor. In contrast, the scroll compressor system
has four small compressors, each with its own small motor. These small motors
are designed to cycle, just like those used with small reciprocating
COMpPressors.
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Slide Valve

discharge housing
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rotors

Slide Valve

The helical-rotary compressor used as the example in this clinic is unloaded
using a slide valve that is an integral part of the compressor housing. Other
helical-rotary compressor designs may use a variety of methods to vary
capacity. Some of these methods are similar in function to the slide valve
presented in this clinic. One major determining factor is whether the
compressor is designed to unload in steps, like a reciprocating compressor, or if
it has variable unloading.

The position of the slide valve along the rotors controls the volume of
refrigerant vapor delivered by the compressor, by varying the amount of rotor
length actually used for compression. By changing the position of the slide
valve, the compressor is able to unload to exactly match the evaporator load,
instead of unloading in steps like the reciprocating compressor discussed
earlier.
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Slide Valve

slide valve
—

. (open)

slide valve
(closed)
valve

opening

full load part load

fo suction

At full load, the slide valve is closed. The compressor pumps its maximum
volume of refrigerant, discharging it through the discharge port.

As the load on the compressor decreases, the slide valve modulates toward the
open position. The opening created by the valve movement allows refrigerant
vapor to bypass from the rotor pockets back to the suction side of the
compressor. This reduces the volume of vapor available for the compression
process. It also reduces the amount of rotor length available for compression.
In this manner, the volume of refrigerant that is pumped by the compressor is
varied, unloading it to balance the existing load.
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Capacity Control

Slide Valve Mechanism

The capacity control system adjusts the
capacity output by changing the effective
length of the slide valve, that's to say it changes
the effective volume of the compression
chamber. Electric control system controls the
ON/OFF state of the SV to drive slide valve
forward or backward.
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Inlet Vanes

inlet vanes
impeller

Inlet Vanes

A common method of modulating the capacity of a centrifugal compressor is to
use a set of vanes installed at the inlet of the compressor impeller. While a
survey of other centrifugal compressor designs shows that there are other
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methods of capacity control, many of them function in a manner similar to the
inlet vanes presented in this section of the clinic.

Inlet vanes “preswirl” the refrigerant before it enters the impeller. By
changing the refrigerant’s angle of entry, these vanes lessen the ability of the
impeller to take in the refrigerant. As a result, the compressor's refrigerant-
pumping capacity decreases to balance with the evaporator load.

Inlet Vanes

pressure difference

vane position
(degrees)
unloading line

capacity

These curves represent the performance of a typical centrifugal compressor
over a range of inlet vane positions. The pressure difference between the
compressor inlet (evaporator) and outlet (condenser} is on the vertical axis and
compressor capacity is on the horizontal axis. The surge region represents the
conditions that cause unstable compressor operation.

As the load on the compressor decreases from the full-load operating point (A},
the inlet vanes partially close, reducing the flow rate of refrigerant vapor and
balancing the compressor capacity with the new load (B).

Less refrigerant, and therefore less heat, are transferred to the condenser. Since
the available heat rejection capacity of the condenser is now greater than
required, the refrigerant condenses at a lower temperature and pressure. This
reduces the pressure difference between the evaporator and the condenser.
Continuing along the unloading line, the compressor remains within its stable
operating range until it reaches C.

Inlet vanes on a centrifugal compressor allow it to unload over a broad capacity
range while preventing the compressor from operating in the surge region.
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Variable Speed

variable-speed
drive

Variable Speed

Alternatively, the capacity of a compressor can be controlled by varying the
rotational speed of the compressor motor. This is accomplished using a device
called an adjustable-frequency drive (AFD) or variable-speed drive.

On a reciprocating compressor, this would vary the speed at which the
crankshaft rotates, thus controlling the rate at which the piston travels back and
forth inside the cylinder. On a scroll compressor, this would vary the speed at
which the driven scroll rotates. If applied to a helical-rotary compressor, this
would vary the speed at which the rotors rotate. Applied to a centrifugal
compressor, this would vary the speed at which the impeller rotates.

Although variable-speed capacity control could be applied to all four types of
compressors discussed in this clinic, it is most often applied to centrifugal
compressors. Because speed variation reduces both the flow rate of refrigerant
through the compressor and the pressure differential created by the
compressor, it is used in conjunction with inlet vanes. This requires fairly
complex control strategies to balance refrigerant flow rate, pressure
differential, and load.
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