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Vapor Compression Refrigeration Machines

An application of saturated system and phase change
principles and concepts
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|deal Refrigerant

Properties
Now

Nontoxic

Nonflammable

Zero ozone depletion potential
(ODP)

Zero global warming potential
(GWP)

Short atmospheric lifetime
High latent heat of vaporization
Low power consumption

Low vapor specific volume

Compressor discharge
temperature below 260°F

Evaporating pressure above
atmospheric pressure

Condensing pressure below the
critical pressure

1928

Low condensing pressure

Evaporating pressure near
atmospheric pressure

Condensing pressure not much higher
than evaporating pressure

Low latent heat of vaporization for
small machines to ensure
controllability

Low vapor specific volume
Compatible with lubricating oil
Non-corrosive

Stable/does not decompose with age

Does not form non-condensable
gasses upon contact with moisture

Does not form explosive compounds
upon contact with lubricant

Non-explosive and non-inflammable
Low cost and easy to obtain

Non-poisonous and no discomfort if it
leaks into air



See the Refrigerants Supplement for More
Information



Refrigeration Compressor Performance

Basis for Example

 Trane RAU air cooled
condensing unit

« Contains compressors, and
condenser coll

« (Connects to a remote coll
or evaporator

40 tons, 2 circuits,
* Four 10 ton compressors

* R4 1 Oa https.//www.trane.com/commercial/north-america/us/en.html|
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Evaporator Performance

Basis for Example

» Greenheck Direct Expansion
(Dx) Coil

e« 8,750 cfm
« 500 fpm face velocity
* 4 row

« 10 fins per Inch
* Intertwined

1
5
it
L]
‘Jﬂ

Courtesy https.//www.capitalcoil.com/
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Compressor and Evaporator Interactions
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Liquid Line
Solenoid Valve

I Suction Line Ij

Hot Gas
Line

Liquid Line




Which Pipe is Which

e Suction Line « Largest, coldest and
Insulated
* Liquid Line « Smallest, warm, usually

not insulated



Service Bypass to Allow Filter
Dryer to be Serviced (Not
shown on diagram

Filter Dryer
(Not shown
on diagram)

Service Valves (Not &=
shown on diagram



r Chilled

‘ N Water Pipes

Liquid Line
Solenoid Valve
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I Suction Line Ij

I Compressor I-j

Hot Gas
Line

Liquid Line
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Oil Management is
Crucial

Design the Piping to Bring it
Back

* Pitch towards the
compressor

 Maintain velocities that will
carry the oil back

 Use double suction risers
to change elevation




Installation Practices

Refrigerant piping installation practice critical to short and
long term system integrity

« General requirements no different from those employed
with any built up refrigeration system

« Details associated with R410 systems may vary from
standard practice in the field at this point in time



Nitrogen Purge is
Essential While Brazing

Courtesy http://www.reflok.pl Courtesy http://www.hvactrainingsolutions.net
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Expansion Valve
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Screw Compressors
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Scroll Compressors









Reciprocating Compressors
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3 Stage
Centrifugal

1
|
Condenser :
|
| Compressor
|
|
|
|

2

CW Supply
and Return

&

Metering
Orifices

\

|
Evaporator 1 | } o o o o ___

Economizer

CHW Supply
and Return

&

A Typical Water Cooled Vapor
Compression Cycle Chiller
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Inlet Vanes and ‘==
Suction Elbow 3



3 Stage
Centrifugal

|
|
Condenser :
|
| Compressor
|
|
|
|

2

CW Supply
and Return

&

Metering
Orifices

\ Hot Gas
Bypass Valve

H

Evaporator 1 | } o o o o ___

Economizer

CHW Supply
and Return

&

Adding Hot Gas Bypass
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Chiller Performance at Start-up

August9,2010
el [ —— HGB Temp
82
81 - — Assumed pointwhere

hotgas is closed

60

closed; Supply

Load assuming 1,475
gpm CW flow and
15,000 Btu/ton;

Tons/100
— Assumed Evaporator

Load from Siemens,
Tons/100

79

78

7
— Assumed Evaporator

Load from Siemens,
Tons/100

Temperature, °F; kVW/10; Tons/10

76

Temperature®F/10, kVV/100

- — - Evaporator load plus
COMpPressor energy
serving it; Tons/10

5

74

Inlet Vane Position, mA; 8 ma
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Absorption Chiller

Condenser
water from
cooling
tower

High Pressure Section

! Generator Condenser

Low Pressure Section

o L W | “
[

LD w w
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Evaporator

Absorption Cycle Water Chiller

The refrigerant is
water

The absorbent is
typically lithium
bromide
Operates at a
nearly perfect
vacuum

Chilled water
to and from
loads



Taking a Closer Look at an Absorption
Chiller
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Different Cooling Sources = Different
Operating Requirements

Vapor Compression
Chiller

Cold condenser water =

Many moving parts;
frequent or rapid cycling

Improper start/stop
/sequencing

Set point fine tuning =

Monitoring operating data =

Absorption Cycle
Chiller

Cold condenser water =

Fewer moving parts;
frequent or rapid cycling
= Not gonna happen

Improper start/stop
/sequencing =

Set point fine tuning =
Just fooling your self
(you’re lucky its
Vglgligle),

Free Cooling Cycle

Cold condenser water =
Relative thing

Some moving parts;
frequent or rapid cycling

Improper start/stop
/sequencing =

Set point fine tuning =
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Other Types of Heat Transfer Elements will
Exhibit Similar Variability

Characteristics will vary with 1. The control system will have

o Changes in flow to deal with all this

- Changes in entering conditions * Aloop that was tuned

« Transitions from turbulent to today may not be stable
laminar flow tomorrow

« Logic that makes good
sense under some
conditions may not work
under others

2. The control system can

 Phase changes on either side
of the heat exchanger

— Condensing water from air
— Steam condensing to water

* Age introduce additional variables
— Corrosion « Reset strategies
- Fouling « Elements with non-linear

output or response
characteristics
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Free Cooling via
Plate and Frame
Heat Exchangers
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Free Cooling via
Plate and Frame
Heat Exchangers
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Compressor
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UC Santa Cruz

Physical
Sciences
Building Loads
Science Library
Building Loads
Natural Science
Building Loads
Thimann
Building Loads

Sinsheimer
Labs Building

 These loads are 100% outdoor air loads
trying to deliver air in the low to mid
50’s°F

The Original Plant Configuration

Pre-Wet Economizer System

2016-01-29
Drawn By : DS

Loads
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* These loads are 100% outdoor air loads
trying to deliver air in the 50-60°F range

» These loads are economizer equipped
loads trying to deliver air in the upper
50’s to low 60’s°F

UC Santa Cruz The Original Plant Configuration

Pre-Wet Economizer System
2016-01-29
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There Are A Lot of Hours When 100% Outdoor Air Systems

Delivering 50-60°F Air will Need Preheat
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Loads
[ T —— |
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* If you pumped water that was warmer
than the outdoor air through the chilled
water coils in these units, you would cool
the water and warm the air

UC Santa Cruz The Original Plant Configuration

Pre-Wet Economizer System
2016-01-29
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Thimann
Building Loads
Sinsheimer
Labs Building
Loads
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Building Loads
Building Loads

Science Library

 If you shut down the economizers, these
loads would require cooling

» If you pumped water that was colder than
the mix of return air and minimum outdoor
air through the chilled water coils in these
units, you would provide the cooling and
warm the water

UC Santa Cruz The Original Plant Configuration

Pre-Wet Economizer System
2016-01-29
Drawn By : DS
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A strategically located valve and piping
connection will allow water returning from
the loads requiring preheat (a source of
cool water) to be circulated to the loads
requiring cooling (a source of warm water)
and then back to the loads requiring

pretreet
UC Santa Cruz The Modification to Make the Wet
20160120 Economizer
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A strategically located valve and piping
connection will allow water returning from
the loads requiring preheat (a source of
cool water) to be circulated to the loads
requiring cooling (a source of warm water)
and then back to the loads requiring

prefrest
UC Santa Cruz The Wet Economizer in Operation
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A Heat Recovery Centrifugal Chiller

The chiller in the following slide has a second condenser
tube bundle that is piped to the heating hot water system.
This allows the hot gas off of the compressor to be used to
generate hot water for reheat loads prior to having its heat
rejected to the cooling tower via the traditional condenser.
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