igcﬂbrlck
“saboratories
S GBI K })

Utilizing Lubricant-Refrigerant
Interaction Data for Compressor and
System Design and Reliability

Joe Karnaz &"ZZW’%TWM
CPI Engineering

Sunday July 15, 2012

m;ﬁ?)c;ﬁ

Pl ENGINEERING

SERVICES — 3 Dy 01% _ I _

i i“}:muck

)Ol’ltOIleS
SRS

Special thank you to Chris Seeton
from Honeywell for contributing
some of this information




‘ |
el \!\1 ti\ii\

e Important Interactions
e Stability
e Understanding Miscibility J vt = miscibld,

e Understanding Solubility ﬁm.ﬂe (compr W’?)
e Pressure-Viscosity-Temperature
e Utilizing Lubricant < Refrigerant Interaction
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e Questions
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Important Interactions
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Compressor
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Solubility Concerns

ik Refrigeration Cycle -
it Compressor Dlscharge to Condenser

Iile

i Refrigerant 1’2%'4—:@0&50&«/\7,24/%4

* Gas
+ Discharge High Pressure
* Heat of Compression Heats Gas

Lubricant

* Lubricate Compressor

Compressor * Remove Heat of Compression

* Majority (> 99%) Separates From Gas with Separator
* Usually less Than 1-2% Discharges into system

Applicable Properties

* Solubility
+ Stability (High Temperature)




L errick Refrigeration Cycle -
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SR Condenser to Expansuon Devace

Refrigerant /
» Changes From Gas to Liquid

* Lower Temperature Condenser

Lubricant ﬁowgﬂﬁ
+ Dissolves with Liquid Refrigerant| 54
* No Possible Additional Separation Occurs

Lubricant

* Float or Sink with Liquid Refrigerant

* Additional Separation in Condenser

* Excessive Amount of Oil Reduces Ability to Liquefy Refrigerant

« Plug Expansion Device 2t WQVWM‘iM L\%M/%“ E*g:’j+L’“ sV

Applicable Properties
* High Temperature Miscibility

rm—

Lubricant

Refrigerant .. * Low Temperature Causes Lubricant to ‘Stick” to
* Changes From Liquid to Gas E
* Low Temperature vaporator
. Low P * Detrimental to Heat Transfer

ow Lressure « If Oil Sinks, Use Accumulator. If It Floats, Skim
Applicable Properties Lubricant

* Low Temperature Miscibility * Lubricant Stay’s Dissolved in Refrigerant
* Solubility - To the Compressor * No Impact on Heat Transfer at Low Concentrations

* Sealed Tube Stability - Durability (< 5%)
* DX System - Qil Flows With Gas
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Expansion
Device

Evaporator

Compressor
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Stability
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System Stability
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¢ Number of interactions to consider in refrigeration systems.
» Refrigerant

» Lubricant
(1 Thermal

» Metals Q Hydrolytic

— Ferrous . :

. [ Oxidative
- Yellow( m> O Chemical
— Aluminum

» Plastics , donn sh
2 wine
» Elastomers

» Processing Chemicals

» Contaminants

- Water
— Air




ifihores  Stability: Thermal, Hydrolytic, Oxidative
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ek e Potential Degradation Example

"Lubricant

Lubricant reaches an unacceptable

m'_ temperature at a hot spot and cleaves.
Breaks
* “EeEE Reactive byproducts formed.
/ \ Acids are produced.
. +. o « Reactive byproducts rapidly react
TR R R CEERT ith each other to form high \ .
+ molecular weight polymersnt)‘/{mof i WL\HE’

Increased molecular weight may
lead to increased viscosity.

::: + ::_-— High molecular weight polymer has
poor solubility and sticks to the metal
7 surface.
METAL




Refrigerant Flow Restriction 100 .

Capillary Tube
Incompatible Material

System debris

. Problems mvolved W|th |nc<')mrr"1;;at|$b|hty and contammants

Direction of Refngerant
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Understanding Miscibility




« Ability of Lubricant to Dissolve Liquid
Refrigerant into a Single Phase

& Miscible - One Clear Phase
& Immiscible — Cloudy - Two Phases

« Understanding Miscibility Characteristics
Increases System Knowledge

& Qil Return Properties

& Heat Transfer Properties

Mlsc1b111ty Profile
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TEMPERATURE

Lower
INVERSE IMMISCIBLE Critical
\O_/ Solution
Temperature
{ (CST)
MISCIBLE Upper
Critical
/’O\ Solution
Temperature
r ‘ IMMISCIBLE y (CST)
!
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Understanding Solubility
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s Ability of Lubricant to Dissolve Gaseous Refrigerant

+ Value is Dependent on Several Properties
s Pressure
4 Temperature
s Affinity Between Refrigerant and Lubricant

¢+ Dynamic Value T P

N
+ Useful for Evaluating Bearing Viscosit)[/
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Miscibility versus Solubility

e R R e

No Solubility Solubility Solubility and
No Miscibility No Miscibility Miscibility

Vapour

- R-134alEster
X = Mineraloil x = Ester X = Ester
*=R-134a *=R-134a * = R-134a

Pressure-Viscosity-
Temperature
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Solubility

¥

Refrigerant Working

Viscosity

Optimizing Bearing ;
Lubrication

1 2 3 4 5 10 20 30 50 100 200 800 a
Working Viscosity, cSt
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Utilizing Lubricant —
Refrigerant Interaction Data
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Viscosity (¢St}
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Refrigeration Cycle Overlay
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