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Magnetic Bearing Centrifugal Chiller
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BLO A KL TR R A EE%E T Refrigerant Options for Centrifugal Chiller

Efficiency vs HFC Baseline
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Best Choice for Centrifugal Chillers---R1233zd(E)
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Capacity vs HFC Baseline

HERR 5% Exclude toxicity candidates;

HEFR = ODPHEME ;. Exclude High OPD candidates;
HERR = GWPHRE;  Exclude High GWP candidates;
HER: SR 5 s . Exclude inflammability
candidates;

£5i8: R1233zd(E)¥ 2 Al ik 3

Conclusion: R1233zd(E) is our best choice
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R1233zd Theoretical Benefit
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S B BB R134a¥ N Z15%.

Up to 5% Better Full Load
on theoretical cycle calculation.
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Technology implications of transitioning from medium to low pressure vary across capacity range
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o NBUREIREE B BA AN : o BWHRBELRAMNSE, BERLU R1233zd(E) [ % 5 55 A% (1421
. AR B SBURA R 125 i > %u/a 51 (B) M Fe R BARHRFE
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25K Single Stage :é L  No driveline cost benefits. Must IKEVSD Nt &
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% i % * While refrig cost is high, all Conclusion:
. 20K = R1233zd(E) solutions are cost From the character of low speed
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o : = of new refrigerant cost are * CapaC|ty<1500tons
g' 19K I E favorable OR until regulations YZ- Single stage- direct drive-
S - force change hermetic IM- std VSD (LV only)
I 5 ~ -
10K I o

s Single Stage

AR ek - T LIS P iy SN FELAL
IM apply available

R1233zd 2-Stage
OK

Techn

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 )
Capacity (Tons) Johnson 2

4 Johnson Controls, Inc. — CO ntI'O I S



Bl - TEAT SRR W IR B i AN E& AT 4RI VR IR B IR 5 --- T

Bearings ---Speed still affects choices : durability & maintenance drive the decision---Lubrication free

R1233zd(E): UK ELEHLEEH
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R1233zd(E): Lower compressor speeds increases options | VZAR S, RO T (M

* Mag bearings = wide speed range, low complexity & maintenance Simple. Hiah effici L it driveli
» Refrigerant lubricated ball bearings - limited speed range, high complexity, IMpIE, High efficiency, LOw maintenance ariveline

high maintenance/replacement
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REFRIGERANT-LUBRICATED
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Options are wide. Real World Energy Efficiency makes the choice simple.
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R1233zd(E): Lower speeds, same options
Single stage - better part load performance, lower complexity
Two stage - full load efficiency benefit (of interstage economizer), higher complexity,
required to stay under speed limits of refrigerant lubricated bearings
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YZIF: &GRS, mMURGEIT A

YZ Technology: Single stage compressor
YZ Customer Benefit: Maintains our commitment to delivering real world
customer value (minimize operating expenses and environmental footprint)

. Optimized
Compressor

Johnson
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Compressor---With low pressure refrigerant, size becomes an important design factor
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R134a: Compact compressors do not drive design choices
s Low Pressure: Increased volumetric flow required leads to larger
10 impellers and housings
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Compressor---With low pressure refrigerant, size becomes an important design factor
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Each design choice has its
pros/cons:

Efficiency

Size

Capacity

Cost

Manufacturability

Sound
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Reduced Size

H% Impeller - E#% Diffuser S JIBIE Collector %S Suction Line
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Aerodynamic Design



Diameter
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Compressor---With low pressure refrigerant, size becomes an important design factor

YZ: {ERETuE A PR A E R A B
i VERE& A ER,  HLBAA R Y RT FR il
FEFFER RS N LA 3] 1 22N E B4 &

YZ Technology: Two different scalable aerodynamic designs across capacity range

Met efficiency & capacity requirements without exceeding size limits

Nearly doubled YT capacity within same size limit VT 750 Tons

200-500 TR 500-1500 TR
700-1750 kw 1750-5300 kW
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Optimized Pressure Drop in pipe design --- Pressure Drop “Kills” Performance
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Evaporator---Low pressure refrigerant challenges

Falling Film Low Differential Pressure

Evaporator
#R-134a mR-1233zd mR-123
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R12332d (E) Z B\ (5B IFAF) R1233zd(E): Multiple evaporator challenges (and opportunities) 0 A
T ZA IR Far less differential pressure to ‘move’ refrigerant psia  Evaporator Condenser
. VTR TR AR Refrigerant pump complexity and cost could be needed Pressure Pressure
SN S T3 3 Must be able to operate at real world conditions (low ECWT)
* & DL Submergence effect in evaporator has increased performance impact

VA T RSN 1A e P 5 i)
YZ. B%ﬁ:‘cﬁ%l{%% Falling film Evap

YZEREH:
o IS4 LOUE SRR
o BUMULARIE I ---B/MUEA T R B MR A RN
o BIFHI I RFE R L T /MRS

YZ Customer Benefit:

YZ’s design maintains real world operating capabilities and minimizes refrigerant charge / vessel diameter
YZ'’s refrigerant distribution system solved the low pressure ‘moving’ challenge without a refrigerant pump

(reducing complexity) Johnson /))X(O
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Purge System---With low pressure refrigerant leaks can let air into the chiller

R134a: kA GRS 2
R1233zd(E): 521 T4l 2 B AN S A HE LA A1

R134a: Higher pressure means leaks always go out (not in)
R1233zd: Require a purge system to remove non-condensables in the event of a leak

YZ HyBeit:
o BRIV IEIA B TTRE 20 B AR EE A A R AT L HRF R R,
o HEWIHE. #EASHRAE 147 (HHEBURHEZ:KR.
o HLAFES OB .
YZ Technology:
« Compressor driven purge using refrigeration effect to separate refrigerant and collect air in a tank.

Vacuum pump empties tank.
» JCI designed and manufactured system. Meets ASHRAE 147 without secondary emission
filter/canister; may offer as future option.

» Controlled directly by OptiView panel
YZ P

o LTS AT RRE B s AT B E R 5 4R e i B

o BRBOHRINLAEZ R EIEREN AT RS R A R MMIETT
YZ Customer Benefit:

* OptiView based control design makes purge operation accessible to Connect Service da

* New control algorithm uses chiller operational data to minimize purge operation (patent

pending) B Johnson ﬂ))l(,

Controls
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YZ builds on a proud tradition of leading the HVAC industry through innovation that adds value
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YORK Variable Speed Drive
Four decades of VSD chiller
excellence
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Low-Pressure Refrigerant

YORK chiller portfolio offers low
pressure centrifugal chillers for most
of the past century

YZ CENTRIFUGAL CHILLER
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YORK Magnetic Bearing Driveline
Pioneered technology in 1998

6

PERRAR R A%

gpe /MU TR B R ] A4 RS
YORK Falling Film Evaporator
Reduced refrigerant charge and shell size
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YORK Centrifugal Compressor

Fully designed, optimized and manufactured by
YORK for highest possible real world energy
efficiency
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YORK OptiView Control Panel
Securely connected to cloud-
based analytics platform
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YORK Capacity Control
Logic

Provides rapid response to
constantly changing building load
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High-Speed Hermetic

Induction Motor

YORK chiller portfolio offers low maintenance,
direct drive, VSD induction motors since 2004
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Up to 7% Better IPLV

. Up to 5% Better Full Load
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