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Agenda
Mobile Training Unit Overview Parallel Compression
CO2 Review High Pressure Ejectors
AK-PC782B Transcritical Control Case Controller Overview

Service Tool Software (ST500) AK-CC55 Connect Mobile App
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Mobile Training Unit Overview (aka Big Red)

MT Transcritical CO2 System
Serving Two Evaporators
Gas Cooler (under cooler shelf)

Three Control Modes
Medium Temp Transcritical
MT Transcritical with Parallel Compression
MT Transcritical with Parallel Compression
& High-Pressure Ejectors
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CO, Refrigeration Cycle

What is similar to HFC? (Subcritical)

What is different from HFC? (Supercritical)



R744 Ref :W.C_Reynolds: Thermodynamic Propemes in SI
DTU, Department of Energy Engineering II
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Basic Refrigeration Cycle — R448a

Subcooling f Desuperheating
Heat Out Point A = Low Temp, Low PSI,
SH Vapor
/
/ Point B = Hi PSI, Hi Temp,
SH Vapor

I
| Point C = Hi PSI, Hi Temp
I

_ Saturated Vapor
EI! D Condensing C -
Expansion / Heat In Point D = Hi PSI, Hi Temp,
Device Compressor « Saturated Liquid
o Evaporating & | ®A Point E = Hi PSI, Hi Temp.,
| || SC Liquid
I | |
| Heat In | | _ Point F = Low Temp, Low PSI,
I ; Superheating Lig/Vapor Mix
Point G = Low Temp, Low PSI,

Saturated Vapor
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Subcooling Desuperheating

Rl Y - W T AT Point A = Low Temp, Low PSI,
I T ™ s 8 Y SH Vapor
R448a E D/ sa SNARNNAA Y t
Hw 40 Point B = Hi PSI, Hi Temp,
Liquid 0 SH Vapor
= 20
g 1901 = Point C = Hi PSI, Hi Temp
£ | TXV ' Saturated Vapor
J 0
g 600 A
h 001 10 Point D = Hi PSI, Hi Temp,
g aw / E EVAP Saturated Liquid
5 | 20
/ . Liquud + Vapour Point E = Hi PSI, Hi Temp,
200 | SC Liquid
40_
Point F = Low Temp, Low PSI,
290 | 50 Lig/Vapor Mix
020
0 | / A Point G = Low Temp, Low PSI,
050 1— e . —h—y Saturated Vapor
160 15 200 2% 300 330 a0 0 %00

Enthalpy [kJ/kg]
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R744 Ref :W.C_Reynolds: Thermodynamic Properties in SI
nginzerng
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Transcritical & Subcritical Cycles
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R448A Refrigeration Cycle

+95*F

(214 PSI)
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-

EVAP

TXV ‘
+20*F
(44 PSI)

*
COND
¢
+100%*F )
(214 PSI) € Y
-
2 3
COMP
Cff>
+20*F
(44 PSI)
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R448A Refrigeration Cycle with R744 Pressures

@« @«
) +
RCVR
7\ COND
C

+100%F +100*F D
(1300 PSI) (1300 PsI) ( S

J —

EVAP

¥ *
(/;;;\\ ‘ COMP
@1300 PSI = X - 1
We Don't
Have Liquid O

+20*F +20*F
900 PSI (400 PSI) (400 PSI)
Pressure
Drop
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R448A Refrigeration Cycle with R744 Pressures

= =
‘ 2320 f
RCVR TRANSCRITICAL |
/"\ COND
s | )
+100*F _________________ _ RITICAL POINT +100*F ( )
% EEV -
% 580
$y | *
7‘ COMP
4 22?2 | TXV (CO2=EEV) []
NO LIQUID / O
LEAVING $
GAS COOLER - +20*F
142 [189] 236 [284] [331]| [379] [426] [473] |[521] (400 PSI)
[Enthalpy BTU/Ib]
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= - THE PRESSURE DROP ACROSS Vhp
R744 Refrigeration Cycle IS HOW WE CHANGE FROM SC FLUID
/\ TO LIQUID/GAS MIXTURE
= 7 -
Vhp
¢ *
FLASH
TANK GAS COOLER
)
* » (¢
+36*F +100%*F )
(520 PSI) (1300 PsI) € N
MAINTAI ANT
RECEIVEW‘RE ‘
EVAP
STABLE PSI ¥ cEV nNN L3
FOR EEV ‘ COMP
=) X o> [
EVAP O
¥
+20*F *
EEV +20*F
y ‘ (40 PSD) CoMP (400 PSI)
MT COMP “BOOSTS” THE
- LT DISCHARGE UP TO
_20*F 20%F GAS COOLER PRESSURE
(200 PSI) (200 PSI)
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CO, Transcritical Booster system

BOOSTER SYSTEM - 100*F AMBIENT

2320
Vhp

Expansion

Gas Cooler

1160

580

Pressure psi(a)

290

12 1

145
142 189 236 284 331 379 426 473 521

Enthalpy BTU/Ib
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Questions?



AK-PC 782 Control Basics

Sensor Abbreviations

Suction Groups

Gas Cooler

High Pressure Valve (Vhp)
Receiver Bypass Valve (Vrec)
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Danfoss Sensor and Device Abbreviations

GBCH

To Cases
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Pgc Pc
Vhp AKS 2050 AKS 2050
ccmT Sgc
1 . AKS 11 . 1
< = -
[ J GBCT GBCT
FC 103 Sd
Sc3 %
AKS 2050
5 > Vrec HGX34T HGX34T
S 4 g cemT
GBCH
s IED- s

Po = Suction Pressure

Ss = Suction Temperature
Sd = Discharge Temperature
Pc = Condensing Pressure
Sc3 = Ambient Temperature

GBCH

From Cases

Sgc = Gas Cooler Outlet Temperature
Pgc = Gas Cooler Outlet Pressure
Vhp = High Pressure Valve

Prec = Receiver Pressure

Vrec = Receiver Gas Bypass Valve
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Big Red Mode 1 - CO2 MT Transcritical System

Vhp Pgc Pc

AKS 2050 AKS 2050

CCMT Sgc
AKS 11 1
il -
J GBET GBCT
e AKs 11 FC 103 AEsdz 1
%1 High Pressure Sc3 {
Valve (Vhp) Gas Cooler Fans

Suction
AKS 2050

Vrec

) v comT HGX34 T HGX34T
GBCH Ss
AKS 11
Receiver Bypass b %

Valve (Vrec) GHCH gl AKs 2050

From Cases e

To Cases
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AK-PC782A - Suction Group Control

Pc Sensors
A 2050 * Po = Evaporator Outlet Pressure
e Ss =Suction Line Temperature
To Gas Cooler 1 P

* Sd =Discharge Temperature

e Pc=Discharge Pressure

Devices

* Compressors = Relay Outputs

* Inverter = Analog Output

Key Set Points

* To setpoint = Calculated temperature target

* Neutral Zone = Limits above/below set
point prior to adding/reducing capacity

“To" represents the evaporator outlet pressure

From Flash Tank converted to a temperature.

From MT Evaporators
P The user defines the desired evaporator

temperature as the set point.
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AK-PC782A - Suction Group Neutral Zone

+22
+20
+18

Plus Suction pressure PO
Zone

REF

ML

©

Q

Minus \\HfX/
Zone

© 0 -0

*Example: Set point of +20*F, NZ set to 4*F
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e When the pressure is higher than the “reference + a
half neutral zone”, cut-in of the next compressor (arrow
up) is permitted.

e When the pressure is lower than the “reference - a
half neutral zone”, cut-out of a compressor (arrow
down) is permitted.

e When the pressure is within the neutral zone, the
process will continue with the currently activated
compressors. The VFD ramps to keep the pressure at
set point.
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AK-PC782A - Gas Cooler Fan Control

FC 103

Sensors

* Sc3 = Ambient Temperature

» Sgc = Gas Cooler Outlet Temperature
Devices

\ * Inverter/ECM Motors = Analog Output
Key Set Points
Sgc * Min.tm = Minimum average temperature difference
AKS 11

. between Sc3 and Sgc
To Flash Tank MT Discharge « Reference Mode = Use Floating so Min. tm follows

ambient conditions

* Sgc max reference = Maximum allowed gas cooler
outlet temperature (Max float)

« Sgc Absolute Max Sgc = Force fans to 100% (Adjustable)

Must be within
1 meter of gas
cooler outlet

— Delta

The pack controller ramps the fans up/down
to maintain user-defined temp Delta Min. tm.
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AK-PC782A - High Pressure Valve (Vhp)

Corresponding PSI = Vhp setting

2320

SCRITICAL
P C TRAN
Vhp AKS%OSO A A _S__gc 4
4 1160®7 - T 1 _/ CRITICAL POINT
] __ SUBCRITICAL
E
% 580
GBCHI:? §
290
To Flash Tank HX To/From
145
Sensors 142 189 236 284 331 379 426 473 521
«  Sc3 = Ambient Temperature SpiRalpy. 2IM/

* Sgc = Gas Cooler Outlet Temperature

* Pgc=Gas Cooler Pressure

Devices

* Vhp = Stepper Valve Output

Key Set Points

* Pgc Min. =Valve Closing (Min Gas Cooler Pressure)

* Pgc Max. =Valve Opening (Max Gas Cooler Pressure)

The pack controller monitors Sc3 to determine Sgc and Pgc locations
on Optimal COP line.

Vhp position will be adjusted to keep Sgc on the Optimal COP line.
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CO, System COP - What Is It?

Coefficient of Performance of a Refrigerator and a Heat Pump Optimal COP Line
The coefficient of performance for cooling of a refrigerator, and for heating of a 532
heat pump can now be expressed as
Sgc /
oo, WY o i .
COPc =3 = 0,-0, Oy y nso_T_R'_‘?_Sf'_u_T_I_Cff__ | __CRITICAL POINT
) __ SUBCRITICAL
% Q|
{:GPH_ “Ir QH—QL ]—& 5580
It is seen that, since W is finite, both COP and COP, are less than . 500
Also, from the first law equation, since Oy =0, + W
.Qi'. i QL +1
w W 145
142 189 236 284 331 379 426 473 521
COPH - Eﬂpc + 1 Enthalpy BTU/Ib

Accordingly, COPy, is always greater than unity. It is so since Q,, is always greater
than @; by the amount W.

At a given Sc3 and Sgc, Pgc should be?
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AK-PC782A - Receiver Bypass Valve (Vrec)

From Gas

Cooler HX To/From

Prec Sensors
AKS 2050 * Prec = Receiver Pressure
_ Vrec
CCMT .
Devices

* Vrec = Stepper Valve Output

) s TO MT Suct
GBCH

Key Set Points
* Prec setpoint = Regulation PSI Setting
* Prec min.=Valve position at 0%

To Cases * Prec max. =Valve position at 100%

The pack controller references Prec, then
opens/closes Vrec to maintain Prec setpoint.
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CO2 MT Transcritical System - Control Recap

High Pressure Valve -
References Sc3 and Sgc
to determine Vhp position

Gas Cooler -
Ramp fans to

(Optimal COP Line) Vhp RS 2050 maintain Delta AKS 2050
L CCMT Sgc between Sc3/5gc
i 1 _ AKS 11 . 1
= < | . !| GBCT GBCT
FC 103 Sd
=il AKS 11 AKS 21
GBCH Sc3 E
Suction Group -
+22 (Plus Zone)
Prec _ +20(Neutral Zone)
AKS 2050 Vrec +18 (Minus Zone)
5 HGX34T HGX34T
CCMT SS
% AKS 11
% N
GBCH gl AKs 2050
Receiver Valve - > Po
Opens/Closes From Cases e

To Cases To maintain
Receiver pressure
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Service Tool (ST500)



Service Tool AK-ST 500

Receiver Bypass Valve

Overview -
Main Screen Features Overview
Suction MT
Suction LT
| - » Condenser
| & 00:000 Rack A PC 782A — _ S
{of [00:000 Rack APC 782A |~ Overview - Receiver control
“Overvi .Thermostat
o ‘Overview E || | 9 |
MT Suction Group @ Alarm value Ref.  |Act.% Btatus Ref. = Set Point
_ - Value = Actual
LT Suction Group & ! 2586 °F 18.0 °F G5 Alarm comp. }I
' ~12.0°F 220°F ) 49 Alarmcomp. | Act.% = Active Capacity
Gas Cooler Fan [—] 13°F 56.5 °F 0} $tandby ‘ N
' a 9351 psi || 7252 psi | 100ithormal Status = Condition
High Pressure Valve E a 350°F 36.0°F O\ flormal ctrl Alarm = Problem

Service Tool ST 500
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ENGINEERING
TOMORROW

Parallel Compression Overview



Mode 2 - Parallel Compression — Cold Ambient

Sgc
AKS 11

Vhp
ceMmT
%
GBCH%
Prec
1 AKS 2050
tﬂ]:r
GBCH
+36
83%

To Cases

=
Vrec L
cCMT

GBCH

17%

Sc3 st AKS 11

Pc
AKS 2050

L,

GBCT

FC103

AKS11  HGX34T
A

H AKS 21

HGX34 T

HGX34 T

HGX34T

}Sd

AKS 21

100%

Ss

% AKS 11
Po

g AKs 2050

Parallel Compressors are an optimal solution for addressing the flash

gas in the receiver

* In colder ambient conditions the gas bypass valve controls pressure
in the receiver by releasing flash gas to the MT compressors
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From Cases

Pressure psi(a)

2320

1160

ul
@
o

290

145

60°F = 750 psi

X =17%

107.5 150.5 193.5 236.5
Enthalpy BTU/Ib
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Mode 2 - Parallel Compression — Warm Ambient

2320

100°F = 1300 psi

X =43%
Pgc Pc
Vhp Aksgzoso AKS 2050
oMt 1 Sgc ‘. 1160
AKS 11 .
l GBCT GBCT
SC3 = AKS 11 H AKS 21 } Alséjn T
GBCH% E
FC103 < 580 <
43% - »
Prec -

AKS 2050

1 emgfyn > v \ééﬁﬁ ‘ Afjil HGX34 T HGX34 T HGX34 T HGX34 T 290
GBCH
+36
GBCH
43% >
57% 145
To Cases Erom Cases e 65 107.5 150.5 193.5 236.5
Enthalpy BTU/Ib

e In warmer ambient conditions the gas bypass valve closes which .

diverts the flash gas to the IT compressors 1.5% Energy Savmgs

per/*F Suction Temp

* When Vrec = ??% open, close Vrec to activate Parallel Compressors

(18*F Increase =27%)
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Ejector Overview



Working Principal of the Multi-Ejector

38

Mixture

.\ Soap Solution

Hi PSI
Water

From Gas
Cooler

MT Suction
From Cases
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We only get the mixture
when the trigger on the
wand is pulled which

\ W creates a Venturi effect
ater & Soap

Gas Cooler &
MT Return Mixture

Nozzle
Throat
Exit
Mixing chamber

Diffuser

Intake due to pressure differential

Pressure increase due to reducing flow velocity

ENGINEERING TOMORROW M




How does the Multi-Ejector work?

off off  Off on on

_.1"-_

Pressure » ' > b+ =
E— e ! g = = A -—-‘ —
Inlet ==I— "'| | ! ..ﬂ-i

} 1 * Lowest Pressure
due to High Velocity

MT
Pressure
Inlet

Receiver
Pressure
Outlet
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Mode 3 — HP Ejectors — Cold Ambient

We haven’t pulled the

Vhp Poc Pc ﬁiﬁ%‘? = trigger on the wand

ceMT Sgc
@ 1 B AKS 11
_ 7 C 0 oo

AKS 2050

60°F = 750 psi

. CTM HP j SC3 e AKS11 H AKS 21 ] AESle 2320 17%
| m% EREEEE. «al X = o
- [ «—
- i rco3]| +36
=
< -I > 0% 100%

1 Aks 2050 Prec Vrec 1160

—d > AKS11  HGX34T HGX34 T

onT HGX34 T HGX34 T
GBCH e Ss-MT
36 1 i, AKS 11
g Po-MT o

GBCH Laud AKs 2050 E
17% R z
83% 2 580
) 2
< > g
Suction o
AKS 2050 Accumulator
NRV 10s H
AKS 11 o
AKVP i1 o oy 290
NRV 105 H pyy
| . f
Y .
GBCH | Medium Temp
\ HGX34 T HGX34 T
! Ss-LT
AKS 11 145
s , Po-LT 65 107.5 150.5 193.5 236.5
AKS 11 = Enthalpy BTU/Ib
NRV 10s H AKve —‘E[Ej;'r >
== .\
GBCH \ Low Temp

Not enough PSI drop/mass flow to create venturi effect
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MOde 3 - HP EjECtOI‘S - warm Ambient 1.5% Energy Savings

per/*F Suction Temp
(18*F Increase = 27% )

Pgc Pc
Vhp AKSgZOSO AKS 2050
ceMT
- v % L. 100°F = 1300 psi
L ] GBCT Z 5320
CTM HP N Sd X =43%
GBCH% [ L1111 Sc3 —w AL H AKS 21 ] AKS 21 " -
‘ -y b
= b rci3] +36
=y =
< -I 65%
aks 2050 Prec 1160
1 == > Vghe”c AKS11  HGX34T HGX34 T HGX34 T HGX34 T
GBCH = Ss-MT
36 B asu —
Ap 8 ©
Po-MT =
GBCH Laud AKs 2050 a
43% = ¢ 580 o
57% 3 ~.
22% g 4
< a -
U Suction
AKS 2050 Accumulator
. NRV 10s H 290
NRV 10s H Akve il e >
GBCH o
| ] 35% d
GBCH | Medium Temp
\ HGX34 T HGX34 T
Ss-LT 145
2 AK“; T 65 107.5 150.5 193.5 236.5
AKS 2050 o-
NRV 10s H L Aks 2050 Enthalpy BTU/Ib
AKS 11 = =
NRV 10s H AKVE il n > ﬁw ’
; GBCH =
-I 1
GBCH \

Low Temp

High PSI drop/mass flow = Trigger has been pulled
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AK-PC782A - Oil System with One Level Switch

Systems with one level switch
Full sequence:
*  When the level switch registers oil, the oil is emptied into the

BOZ499.11

LoMec Ny 3 receiver running all periods. Users define the pulse length,
period time between pulses and number of periods.
/"\ To level:
LS'MMI | _ * Here the pulse sequence starts at activation of the switch, but

the sequence stops immediately once the oil level falls below
the level switch.

Oil — [l __H,JL [

For both, If the level switch is still registering oil after the total

SSRO number of periods has finished, an alarm is given for high oil level in
the separator.
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AK-PC782A - Oil System with Two Level Switches

Lsmax. DI %%
LsMmin. DI )
isMax—— |
LS Min.
oil ]
SSRO
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Systems with two level switches

Here, the high-level switch will start the pulse sequence,
and the low-level switch will stop the pulse sequence.

If the high-level switch is still registering oil after the
total number of pulses has finished, an alarm is given
for high oil level in the separator.

If the low-level switch is still registering oil after the

total number of pulses is finished, an alarm is given for
remaining oil in the separator.
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AK-PC782A - Oil Separator/Reservoir Settings

A, 00:089 Rack C PC-782A = O ¥ Separator = SELECT THE NUMBER OF OIL RESERVOIRS
rat . O
.C°"“9' Oll management | Level switch = 1 /Full seq. IS USED FOR BOTH None and Only High. Low & high
Oil separators El=1 | IS SELECTED ON SYSTEMS WITH BOTH A HIGH- AND LOW-LEVEL SWITCH ON
Separator Jne comman THE OIL RESERVOIR
Dil valve separator 1
Level switch 1 Full seq. Repeat oil return cycle = TIME BETWEEN EMPTYING SEQUENCES
Repeat oil return cycle 1 min.
o dnich — No oil sep. alarm delay = ALARM DELAY IF HIGH-LEVEL NEVER ACTIVATES
a of periods
Periad time 2405 .
e 1505 gnglSé)l\elggds = TIMES OIL PULSE VALVE SHOULD OPEN DURING EMPTYING

Period time = TIME BETWEEN VALVE OPENINGS
Open time nominal = TIME VALVE IS OPEN DURING THE PERIOD

(EXAMPLE): BASED ON THE SETTINGS ABOVE, WHEN THE EMPTYING
SEQUENCE STARTS IT WILL PULSE THE OIL RESERVOIR DUMP VALVE FOR 15

E‘ﬁ ﬁ“ SECONDS EVERY FOUR MINUTES
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