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Rack Refrigeration Application Note
APP-013

THEORY

The system this application note is written for is at the Hancock Research Center in Wiscon-
sin. This system has 18 evaporators, each associated with a individual bin and XT panel.
Each bin has an independent Setpoint and can require hot gas defrost at any time, depending
on the temperature. A parallel compressor rack system, was the most logical way to go.
Each of the evaporators, has a
electronic expansion valve
(EEV) and a electronic pressure
regulator (EPR) on it. The XT
panel sends a 0-20ma signal to
a ER-110 control card. The ER-
110 controls both the EEV and
EPR, and also the defrost cycle.
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OPERATION
The system is composed of 3 compressors, C1 7hp, C2 10hp and C3 15hp.

C1 is the controlling compressor and sends a output percentage to C2 and C3. The system
is dependent on C1 to run. It could run with C2 or C3 shut off. The suction Setpoint is set on
the C1 compressor. A typical setting would be 35 psi, this would allow a room temperature of
down to 30 degrees. With this setting the compressors will cycle on and off to maintain this
suction pressure. C1 is the only compressor that will pump down. The suction pressure is
maintained by a PID loop running in C1. The PID loop will calculate a output signal from O to
100 %. This will show up on each of the compressors as output. Each compressor will start
or stop according to this output signal. The staging is set as follows:

Clonat15 % andoffat1 %

C1 unloader, loaded at 30% and unloaded at 15%
C2 on at 50% and off at 20%

C3 on at 80% and off at 50%

C3 and C2 on at 100% and off at 90%
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SPECIAL OPERATION

When compressor C3 starts at 80 percent, C2 will shut of and not start until 100%. C2 and
C3 will both run until the signal drops below 90 %, at which time C2 will shut off. When the
signal drops below the C3 shut off point, C2 will then start.

C1 Cc2 C3 C2&C3
1-15 15-30 20 -50 50 - 80 90 - 100

) ——) —)
—

Compressor C1 is the only compressor that has a unloader on it and provides the most flexi-
bility and has been designated as a floater. As a floater, it can float any where in the 0-100 %
signal range. C1 as shown, has a 30% window. This window can be adjusted to what ever
you want. This window includes the unloader. If the signal is 0 and starts to rise, C1 will be
the first to start as the signal gets above 15%. If the signal were to continue to climb, C1
unloader would load up, and the nC2 would start at 50%. The high end of the C1 operating
window, will stay with the signal as long as it continues to increase. Lets say that at 60%, the
signal starts backing off and goes to 45 %. C2 would continue to run, but C1 rode the window
up to 60% and with the 15% decrease it will now shut its unloader off and run at 1/2 capacity.

C1 will move its window with the signal, for the entire range. The top of the window will start
to move when the signal is greater than the top value. If the signal were to drop more than
the bottom of the window, then the window will start moving down.

C1 can then operate any where in the 0-100 % range in conjunction with any of the other
COMpressors.

C2 and C3 both have a standby input on Ch 6. If you short Ch 6 the compressor will go into
standby. This option is used only on the C2 compressor. C2 is currently set to start at any
output greater than 50%. The standby input is used when C3 turns on at 80%. Any time C3
turns on, a relay contact is used to turn C2 off. If the output goes to 100%, then C3 will turn
on another output that will lift the standby contact on Ch6 and allow both C3 and C2 to run.
Two relays are used to accomplish this, C2-7 and C2-8. C2-7 picks up any time C3 is running
and C2-8 is connected to out 7 on C2. C2-8 is on when the output gets to 100% and off when
it drops to 90%.

Ch 6 input
| | | Cc2
| +F

C2-7 C2-8
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=101x1| This is some of the infor-
File  Canfi Hel .
e e e mation for compressor
#Base Communications Address C1 The COO”n demand
XbBase wwewc ccccccecc XBase |isthe overal ougtput per-
o1 2 3 4 5 B 7 8 89
Sel.&llF‘arametersl Urit Na. sl el allal el sl sl Centage that all the com-
pressors are being staged
I ain Selupl Compressnrl Sysleml Defrosll Contral - Com Teminal at.
[9-13-2006 9:16:26 AM -
Comp 71 Fefirigeration .
Discharge Press 229 p=i The AUX COO' d IS the
Suction 5;228 39 psi floating window for com-
Sat Suction T 17 F pressor C1. lItis currently
Suc Superheat 7 F )
Anbient Temp 60 F at 25 %.
Cooling Demand L3 X
Set Point 5 F
Lead Run—-time 07 min
Lead Compressor 01
Ahum Cool D 25
Yoz 67 Ba=ic Suction
9-13-2006 9:16:20 AM
Comp 71 Fefrigeration
Di=charge Press 229 psi
Suction Press 39 p=i
Suction Temp B4 F
Sat Suction T 17 F
Suc Superheat 7 F
Anbient Temp 60 F
Cooling Demand B2 X
Set Point 35 F
Lead Run—-time 07 min
Lead Compressor 01
Aux Cool D 25 LI
|  Cumert Status  © Activity Histary | [Elear, |
Refrezh Interval is 5 Seconds

HOT GAS INJECTION

On a parallel rack system, it is very important that the last compressor does not shut off. With
only one or two evaporators running, the small compressor running unloaded, would cycle on
and off. To solve this problem a hot gas liquid injection system is used. A hot gas solenoid
valve and mechanical TX valve is used to inject hot gas into the suction line. When the Hot
gas injection is turned on the suction pressure will increase and the PID loop controlling the
suction pressure will raise the output percentage. C1 uses output 8 to turn the Hot gas on
and off. Under the system tab on Xbase, the parameter unloader 3 is used to set the percent-
age for the Hot Gas injection. This is set for 0 and 15 %. These setting would have the hot
gas injection on, any time the output percentage goes below 15%. A relay contact from each
of the evaporators are paralleled and then series with the output 8 from C1. The contact will
shut of the hot gas and allow pump down if all evaporators are off. This hot gas injection
works very well, and typically will be pulsed on for about 10 sec’s. This is enough to raise the
output, but the suction pressure remains very stable.
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CONDENSER FANS

Each of the 4 condenser fan outputs are paralleled on C1, C2 and C3. Thus any of the cards
can stage the fans on.

The condenser is a Split condenser with a control valve. The condenser valve only opens
when C3 is running.

Ch 6 input
| | C2
| | /f

C2-7 C2-8
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