©NITNU

Low Temperature
Refrigeration Technology

Prof. Dr.-Ing. Armin Hafner
Professor Refrigeration Technology
NTNU, EPT

7491 Trondheim

Norway

Practicality and Applicability of Natural Working Fluids / 24t March 2021



Content

* Introduction and definition of ‘Low Temperature’

* Which working fluids are applicable and energy efficient

» System architecture for low temperature refrigeration units
» Examples from industrial installations

 Summary

» Further work and possibilities (INDEE+, etc.)

Practicality and Applicability of Natural Working Fluids / 24t March 2021



Low temperature refrigeration

Deep Freeze Frozen Chill “Banana”

|
o=
°C 30 5 2

Required evaporation temperature of the system depends:
« System architecture and product

* Freezing time and duration of storage

 Expected quality
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Working Fluids / Refrigerants

« McLINDEN [NIST] carried out database screenings to identify suitable refrigerants
* Used PubChem database (Kim et al., 2016), i.e. more than 60 000 000 chemicals

« Cycle calculations (simple performance)-> fluids with low COP and/or volumetric
capacity were screened out.

* The final result was a list of 27 fluids; these comprised hydrocarbons, HFCs,
HFOs, CO,, ammonia, and a total of five compounds with oxygen, nitrogen and/or

Second Conclusion:

...While a drop-in replacement refrigerant requiring no changes to equipment
design is appealing, the properties of low-GWP fluids will generally be
different than the refrigerants they are replacing.

Recognizing and adapting to these differences will be required to maximize
the safety, efficiency, and reliability of new systems....

Source: Mark O. McLINDEN National Institute of Standards and Technology, Boulder, USA
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Working Fluids / Refrigerants

Why focusing on
ci Hexachloro- : :
W propylene Natural Working Fluids ?

ODP
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technologies being on the

phase out agenda
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H
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Most relevant natural working fluids

Carbon Dioxide / CO, / R744

Hot water heat pumps
Commercial- / low temp. industrial refrigeration
Heat pump chillers

Ammonia NH, / R717

Industrial refrigeration and heat pumps

Residential AC split units
_ight commercial refrigeration
Home appliances (fridges and freezers)
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Properties of working fluids

Evaporation pressure
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Properties of working fluids

Pressure ratio versus condensing temp. Isentropic compressor efficiencies
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System architecture for low temperature
refrigeration units

* CO, as an evaporating secondary fluid

* CO, in a conventional cooling process
- cascade systems

« Transcritical two stage compression system
 CO, booster system: Two evaporation temperature levels
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CO, as an evaporating secondary fluid

¢ Application: Condenser
— Subcritical CO, system with NH; or HC in @.
the primary loop | <
— Industrial freezers, ice rinks
] Compressor
. Advantages: Primary loop ()
— Flooded evaporator ¢
— Oil free C02 |00p (FOOd Security) Throttling valve Evaporator/condenser
— High chiller efficiency @ " E)
— Smaller pipe dimensions and pump work 6 Evaporation Hiquid receiver
compared to glycol circuits oo Secondary loop @
« Disadvantages: / _@_ 15
— Complicated 0, pump Cooling
_ Expensive Avoids pressure build-up ’ batteries

e.g. during stand still
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NewTon System Technologies

High Press. & Temp. Gas Low Press. & Temp. Gas

_‘ [Compressor]
ol <«

Press, &

[Condenser] (T;?

and Oil

---
e e

[Evaporator]

Oil Separator

High Press. LlC]Uld »» : » . »» Low Temp. Liquid
Inter Cooler :...Economizer
Booster
NHzs Charge Power consumption

Significant Reduction in NH3 Charge Amount

1/38 1/2

The annual power consumption on the

NH3 charge amount is drastically
reduced down to 1/38. compressor motor is cut by half

Practicality and Applicability of Natural Working Fluids / 24t March 2021 @ NTNU



CO, In a conventional cooling process

Casca,de SyStemS Codenser
Application: @\

L1 1 ] |

— Two separate refrigeration units s | 'd' 't“
. " econd stage
— First stage subcritical CO, system J

. . . . system () Compressor
— Second stage system with a working fluid suitable for Throtiling valve
heat rejection (NH;, propane (R290), etc.) g
— Industrial refrigerati()n SyStemS Ik | Cascade heat exchanger (CHX)
Advantages: H - aae T\ Liquid receiver co,
— Energy efficient process é evaporation |\ First stage compressor

assistance system ()

— Small operational cost et Throttling

valve

@

— The indirect system provides NH, leakage precaution &

Disadvantages:
— Problematic if the second stage system is inactive

— Challenging to regulate the CHX at small capacities
without variable speed drive
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CO, In a conventional cooling process

- cascade systems EXAMPLE
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CO, /Ammonia Freeze Package
Compact packaged freezer systems
using reciprocating compressors,
and CO, /ammonia as refrigerant

Capacity range: 100-800 kW

Temperature range down to —55 °C



CO, In a conventional cooling process
- cascade systems

« Application: mmm
— Large faclilities with need for refrigeration at Second stage system Compressor
several temperature levels Throtting valve ()
« Advantages: S — .
Cascade heat exchanger | PRI compressor

— Flooded chiller evaporator

— COmpaCt l ’ Liquid receiver
. : . First stage
Disadvantages: A system | () )
— Expensive | e £ R
— The CO, system fully relies on the second Evaporator, chiller co, Evaporator, freezer
pump —

stage system for condensation
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Transcritical two stage compression system

Gas cooler

» Application; l__“ﬁ"l’%’ f&,\

— Two stage compression and throttling | T
— Industrial freezing applications | HP-

| Compressor

« Advantages: | | High pressure contol valve
— Robust and well developed
— Standard components and regulation Superhezi;
— Strong competitor to NH; systems in the industry -
— Well known and applicable all over the world Mid pressure

receiver (MPR) LP-

— Utilization of heat recovery potential = 90°C water Compressor

« Disadvantages:

— Slightly reduced efficiency when gascooler outlet I&J
temperature is above 25°C (-> ejector & HR) —[:%

Throttling valve

.
<1 1T 11

Evaporator
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Premium quality fish from R744 equipped vessels

W/T ROALDNES

Stern trawler
Length : 33,95 m
Width : 10,3 m
Trawling:

haddock & pollock
Capacity:

120 metric tonn

CO, (R744) DEEP-FREEZING PLANT
FOR M/S ROALDNES

Helge Hansen & Yves Ladam DIKULDE (PIKULDE
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Premium quality fish from R744 equipped vessels

R744 /CO, HCFC22

Metric tonn/day 40 30
Freezing time 140 min 190 min
Defrost faster
SKULDE SNKULDE
TEKNISK —A TEKNISK

——
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Principle freezing system layout
on a fishing vessel

Sea water cooled condenser

Yo High temp. compressor (

)X3

.

— Intermediate water @
cooler

Xo Low temp. compressor(

Plate freezer

).

=
—
| | | @ CO, liquid pump
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Principle freezing system layout on a fishing vessel, Source: Verpe 2018



Source: Espen Halvorsen Verpe, 2018, Master Thesis NTNU, Low Temperature Plate Freezing of Fish on boats using R744 as Refrigerant and Cold Thermal Energy Storage
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Gas cooler

&b & CO, booster system

=
-

| HP- : .
L comoressy Two evaporation temperature levels:
o
| LowTemp [-30°C] &
Suction gas HX ' ) High . fo)
pressure MediumTemp [-5°C]
control
> I
MPR Constant pressure valve vane
- « Smaller investment cost 29,000
rottlin . ..
valve @ * Higher efficiency .
F—HH « Standard solution for i
- Fvaporator, supermarkets
LP-compressor “na > t.g 1 2opan = P EP;NOOO
S . 4 Cima 3
- I T.-!-'-".".-!-"Jz
Suction gas HX Transcritical CO2
] Installations Around
' the World 95 AERAA Yo
Throttling - October 2020 %2204_ ' . N
valve @‘ shecco 3% - ¥
35 >+ e 75 r
— Evaporator, — 100 |ZEALano
— freezer —
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Primary R744 refrigeration system @ CERN

Transcritical R744 cycle of 1 slice
HP Discharge ! ! Tge=30°C,Pgc =76.4 bar, Tevap =-49 °C, Qevap =49 KW, COP = 0.94
I I

MP Flash gas 30 | . — _ L = 5y & & L LL | _
) e sk 8 ko358 BOE g % % i iceteezgszeed
slice I [ P P . 0% I O O O O ]
L ] 80 I~ .
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THE WYALUE OF
PERFECT TEMPERATURE

Norwegian University of
Science and Technology
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Summary & Conclusion

* Food is valuable and essential for humankind

-> safe and reliable refrigeration equipment is needed to reduce
food loss

« Safety at work Is also important for responsible companies
— Nobody should become sick due to refrigerants
— Natural refrigerants are a safe choice

 Environmental impact of major importance
— Only natural working fluids will survive towards 2050
— Great energy efficiency improvements can be achieved

* Let's cooperate
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Thank you for your attention

Contact:

armin.hafner@ntnu.no

Please visit:
www.ntnu.edu/indee

Please contact us for further cooperation’s
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INFLUENCES ON THE HUMAN BODY

PPM EFFECTS ON HEALTH
410 Average value in the atmosphere
< 800 EN13779: Good indoor air quality
5000 Maximum Workspace Concentration (MAK)
(0.5 Vol-%) Threshold Limit Value, 8 hours, weighted average
10,000 Short Time Exposure Limit (Germany)
60 min, 3 times per shift
20,000 50% increase in breathing rate! Can affect the respiration function & cause
excitation followed by depression of the central nervous system

50,000 Immediate Danger to Life or Health (IDLH)
“Escape” after exposure time of 30 min without irreversible health effects

100,000 Lowest lethal concentration
Few minutes exposure produces unconsciousness

200,000 Death accidents have been reported

300,000 Quick results in unconsciousness & convulsions




1995 Prof. Gustav Lorentzen said:

We have heard a great deal lately of the
harmful effects to the environment when
halocarbon refrigerants are lost to the
atmosphere. This should not really have come
as a surprise since similar problems have i
happened over and over again. Numerous cases are on record where
new chemicals, believed to be a benefit to man, have turned out to be
environmentally unacceptable, sometimes even in quite small
guantities (DDT, PCB, Pb etc.).

In the present situation, when the CFCs and in a little longer perspective
the HCFCs are being banned by international agreement, it does not
seem very logical to try to replace them by another family of related

halocarbons, the HFCs, equa”y forelgnlr?t(.)\].rz)ﬁggflr‘igération 9. Vol. 18, No. 3, pp 190 197, 1
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