Fnergy & SlOTETE.
W‘ Development
o

E d 20 I I -

.-l’;f‘.’
s fw J e o
: { FOOD MARKETING INSTITUTE



BelUR LT I, bt i A e

"Refrigeration 201

Travis D. Lumpkin, PE

Director, Sustainability & Senior Product Leader Refrigeration Systems

Hussmann
~_ September 2011

&. )

®
3 B
. )

' a‘ FOOD MARKETING INSTITUTE
:



E+S 2011 \MW'

Energy & Store Development‘Conference  ronmasenine wsture
Key Learning's

A Review of Refrigeration 101

A Basic understanding of more complex
components of a refrigeration system

A Overview of more complex mechanical
refrigeration systems

A Interaction of the mechanical system with
the building

A Equipment planning and location
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REFRIGERATION 101 REVIEW
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Refrigeration Cycle
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Condensing
7R

Compression

LPL T Low Pressure Liquid
HPL 7 High Pressure Liquid

LPV - Low Pressure Vapor

HPV i High Pressure Vapor

Condensing

Subcooling

Increasing
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Desuperheating
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Evaporating Evap.
Superheat
Flash Gas

Increasing

Enthalpy (BTU/LB)
Vapor Compression Refrigeration Cycle

Evaporation

Enthalpy T measure of

the heat energy of a
substance.
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SYSTEM MAJOR
COMPONENTS OVERVIEW
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) 1/6HP 5HP 15HP | 30HP 50HP
é Walk-In I

8| Food Service Supermarket : Large Supermarket
o Medical Environmental : Process C.hlller

< Transport : Industrial

Select the proper compressor for the appropriate application
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Reciprocating Compressor

- ! T _I:i ; / ’ -T \\ 3 . Il '\.‘ \ ‘
E E A Moving pistons compress
refrigerant gas within cylinders.

MEDIUM TEMP PRESSURES A Onthe downstroke, the suction
inlet valve is open as low pressure
oo || 29 o || 2on gas refrigerant is drawn into the
{} {} cylinder.
L A — — b A When the piston begins its |
£0 psig - Z0PSE upstroke, the suction inlet valve is
W ﬁ O ﬁ closed and pressure increases.
7 A High pressure gas exits through
ﬁ\‘ | the discharge port .
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Scroll Compressor

Intake —__ _ Stationary Scroll &
Orbiting Scroll B
- Compression
after 1 rotation

Compression
after 2 rotations

i Compression
after 3 rotations

Discharge

ARotation is critical on scroll compressors.

AAn orbiting scroll moves in a circular
motion within a second, fixed scroll.

AThe gas entering the low pressure inlet is
pressurized into continuously smaller
areas until it exits through the discharge
line.




=i 201 | it .

Energy & StOI"e Development Conference FOOD MARKETING INSTITUTE

Screw Compressor 3.Motor 1. Main Rotor

2. Auxiliary Rotor

Intake: the vapor passes through the inlet
and into the void which is wide open at
the suction end.

Compression: as the rotors contra-
rotate, the inlet void closes, the volume
IS reduced and the pressure increases.

Discharge: compression is completed,
final pressure achieved and the vapor e
IS discharged.
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Round Tube Plate Fin (RTPF)
Air Cooled Condenser

A Coil comprised of:

A copper tubes to transport
refrigerant

A aluminum fins to increase heat
transfer capability

A Fans pull ambient air across
coil section

A Heat is rejected to atmosphere

A Refrigerant changes from superheated vapor to sub-cooled
liquid
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MicroChannel Air Cooled Condenser

A Same operation as RTPF air
cooled condenser

A Coil comprised of:

A flattened aluminum tube with
narrow channels

A aluminum fins in between
A Reduced refrigerant charge
A Smaller size with less weight
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Evaporative Cooled Condenser

A Copper tubes transport
refrigerant through coil slab

A Ambient air blown over coils

A Water from a sump is
sprayed over the coils to = s
Increase heat removal s i g

A Allows the condensing temperature to approaéh the wet
bulb (WB) temperature of the ambient air versus the dry
bulb (DB) temperature, which is normally higher.

A Increases system efficiency
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Dry Fluid Cooler /
Plate-to-Plate Condenser

A Fan cooled coil assembly

A Draws ambient air across coil
slab to remove heat from
glycol mixture

A Glycol mixture used as
condenser fluid for
refrigeration system

A Refrigeration system uses
heat exchanger (plate-to-
plate shown) to condense
compressor discharge gas

A Located near compressors

[ ——1 |
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Hybrid Fluid Cooler / Condenser

A Uses RTPF coil or
microchannel coll

A Equipped with pre-cooling
pads to cool incoming
ambient air with water that is

distributed over the cooling
pads

A Air is drawn through the cooling pads and the heat
exchangers

A Increases system efficiency
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Display Case Operation (DX)

1. Liquid refrigerant passes through
expansion valve

ACol do
Discharge Air

a. Pressure is reduc
2 pressureo
b. Temperature drops
suction temperatu
. c. Some liquid is vaporized
Dlsplay Case 2. Refrigerant passes through
evaporator
a. Remaining refrige
Evaporator b. Heatis absorbed from inlet air
70% Liquid
30% Vapor AWar mo
Mix Inlet Air

Return Gas To

/ 1 Compressor
—

T - I .
___":;- Liquid Refrigerant

—
% E ] From Condenser

Expansion
Valve Solenoid
Valve
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Display Case Operation
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Display Case

Heat Exchanger

iWar mo
Inlet Air

1

)

o2

Balancing
Valve

Solenoid
Valve
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Cold fluid (Glycol or CO,) passes
through Balancing Valve (when
required)
A Flow is metered to the case
requirements
Refrigerant passes through heat

exchanger
A Cold liquid absorbs heat from the
inlet air

A Liquid increases in temperature
A Glycol does no
A co,parti aliltwo fib
phase mixture

AWarmo fluid to
Chiller/Pump Station

ACol do fluid From
Chiller/Pump Station
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Display Case Equipment

AReduces the temperature of the air passing
through it (sensible heat)

ARemoves humidity (latent heat)

ALow pressure liquid refrigerant is boiled off
into low pressure vapor

AProper airflow though the evaporator coil is
critical to its function

A Moisture from ambient air freezes on coil
tubes. This frost or ice prevents proper air
flow across the coil and air curtain velocities.

A Defrost is the removal of frost or ice from an

evaporator coll

foff time i MT Coils
Klectrici LT/ MT Coils

Aot Gas i LT/ MT Coils
ACool Gas i LT/ MT Coils
Avarm Fluid i MT Glycol Coils

ELT i Low temperature evaporator <= 0 F EMT i Medium temperature evaporator <= 32 F
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Case Temperature Control

A Expansion Valve (EV)
I Regulates refrigerant flow

\ I Maintains superheat at the
evaporator outlet

Thermostatic Electronic
Expansion Valve Expansion Valve
(TXV) (EEV)

A Evaporator Pressure Regulator
(EPR)

I Maintain accurate display case
pressure and temperature

I Allows multiple evaporator
systems to operate at different

Mechanical EPR Electronic EPR

wisolenoid (EEPR) temperatures when piped to a
common suction group
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SYSTEM TYPES
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DX System Operation LT Compressor

Cold Gas
(&a%Fp

Hot Gas
g MT
2°B)0
(4 2°) Compressor
70% Liquid
Condenser 30% Gas Mix
(15°F)

Warm 70% Liquid
Liquid 30% Gas Mix Case
( & 1°B)5 (15°F)

70% Liquid
30% Gas Mix
(-25°F)

DX T Direct Expansion refrigeration system
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DX Condensing Unit Equipment

Warm Liquid
( & 1°B)5

Cold Gas
(&%p

Medium
Temperature

Installed in:
Low Temperature Amachine rooms

Aoutside slab

cold Gas Arooftops
(asdp
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DX Rack Equipment (Circuit Piping)

= 1w o B

( & 2°B)0

Warm Liquid
( & 1°B)5

Cold Gas
(&%)

Temperature

Installed in:
Amachine rooms
Amezzanines
Aoutside slab
Arooftops ( & &5 Low Temperature
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TYPICAL LINE CIRCUIT LAYOUT
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DX Rack Equipment (Loop Piping)

Hot Gas
( & 2°B)0

Warm Liquid
( & 1°B)5

. Cold Gas
Installed in: ( & 5
Amachine rooms
Amezzanines
Aoutside slab

Arooftops Temperature

Cold Gas
(&a%Fp

Low Temperature

Lower refrigerant charge than circuit piping
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TYPICAL LOOP CIRCUIT LAYOUT
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N e Hot Gas
- d ( & 2°6)0
r‘i
‘#. I
Warm Liquid
( & 1°B)5

\/‘
SST

(-30°F)

Low Temperature

Energy & Store Development‘Conference oo sk mstmure

Warm Liquid
( & 1°B)5

Distributed DX Equipment (Loop) et alled in:

Aback hallways

P Hot Gas Aabove walk-ins
L ( a2°6)0 Arooftops
4 I Aunder racking

Aetc

Aow charge
Aeduced leaks
Aess copper
Aenergy efficient

Medium Cold Gas

Temperature (&5

Distributed i Multiple small compressor units located close to their loads throughout the store
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Secondary Glycol System Operation

* MT Only
Warm Glycol
Compressor (+30°F)
Hot Gas —
( & 2°B)0
Condenser
R404A
70% Liquid
30% Gas
Warm . : ;
LIqUId Mix Heat Circuit
( & 1°B)5 (15°F) Exchanger Setter

Cold Glycol
(+20°F)

Secondary i Intermediate medium for heat transfer between cooling load and refrigerant
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Secondary Glycol Equipment (Loop)

Installed in:
Amachine rooms
Amezzanines

Hot Gas
( & 2°B)0

Aoutside slab
Arooftops

* Can also be applied with
distributed technology

Warm
Liquid
( & 1°B)5

Warm
Glycol
(+30°F)

Medium

Cold Temperature

Glycol
(+20°F)

E Low refrigerant charge E Reduced leaks E Less Copper
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*LT and MT

Compressor

Hot Gas
( & 2°B)0

Condenser

R404A

70% Liquid
30% Gas
Warm Mix
Liquid (MT = 15°F)
( & 1°B)5

Scondary CO, System Operation

(LT = -25°F)
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50/50% Liquid/Vapor CO, Mix

(MT = +20°F)
Cold Gas (LT =-20°F)

(&asp

NN NN I S D S D D S D S S -

Heat
Exchanger

[
--J

100% Liquid CO,
(MT = +20°F)
_20°F)

L--
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Secondary CO, Equipment (Loop)

Installed in:
W e | Amachine rooms
o N1 Hot Gas S NP 2 Hot Gas Amezzanines
' ( & 2°B)0 : ( & 2°B)0 Aoutside slab
Arooftops
Cold Gas

(a5 9

Warm
Liquid
( & 1°B)5

CO,
(+20°F)

I I
I S

Low Temperature

| I, - PR

Medium Temperature

E Low refrigerant charge E Reduced leaks Eless copper E Uses natural CO,
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Cascade CO, DX System Operation

*LT Only
CO,
Hot Gas Compressor Cold Gas
Compressor ( & a5
Hot Gas —=
( & 2°B)0
Condenser
R404A » 70% Liquid
30% Gas
Mix
(-20°F)
70% Liquid
30% Gas 70% Liquid
Warm Mix 30% Gas
Liquid (20°F) Mix

( & 1°B)5 (-20°F)

Exchanger

100% Liquid CO,
(+25°F)

EEV

Cascade T Two independent refrigeration systems in series sharing a common heat exchanger
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Cascade CO, DX Equipment

Installed in:
Amachine rooms
Amezzanines

Hot Goas Aoutside slab
( a 2°6)0 Arooftops

Cold Gas

Warm L

Liquid
( & 1°B)5

Cold CO2
Gas
(+35°F)

* Loop Piping Shown
Low Temperature

E Low refrigerant charge E Reduced leaks Eless copper E Uses natural CO,



