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Jacob Perkins’s
ice machine 1854

* The ether machine had a bad
habit of exploding un-
expectedly

* The Irish mathematician and
physicist William Thomson in
1852 introduced the idea of a
heat pump

* Same William Thomson later
became Lord Kelvin and
introduced the
thermodynamic temperature
scale

JACOB PERKINS'ICE MACHINE.
as made by
JOHN HAGUE.
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James Harrison,
Australia, and the
World's First Patented
Refrigerator in 1854

Working fluid: Methy!
Ether
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James Harrison, Australia, and the
World's First Patented
Refrigerator in 1854

i

Working fluid: Methyl Ether

Harrison actually new of Perkins
prototype and refined it




Inventors and pioneers of mechanical refrigeration

Absorption cycle:

— Ferdinand Carré (1824-1900), France
Patent NH,/H,O absorption system in 1859
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¢ The first Linde refrigeration machine

* Linde made his first compression
refrigerating machine using methyl ether in
. 1875. That machine, however, was not gas-
Ca rl von I—l N d e tight and the leaking methyl ether cau?ed
explosions in the engine room, seriously
injuring one worker. In 1876, he made his
first ammonia compressor with two vertical
cylinders, employing glycerin as a sealant.

Source: First Linde ammonia chiller takes centre stage - Cooling Post
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Harvest of natural ice, /] )
Denmark i

* After some winters with too little
natural ice, both in Denmark and
Norway, Carlsberg decided to
invest in the first mechanicalNH;
refrigeration system to control the
temperature in his beer
production

* The producers of natural ice set
up a fierce fight against
mechanical refrigeration systems,
which is another story




The first continuous absorption machines
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nach dem Kondensator C iiber-
steiot. — Da das specifische Gewicht des im Kocher
zuriickbleibenden Salmiakgeistes um so grosser wird, je
irmerddieser an Ammoniak wird, so sammelt sich in
demselben wahrend des Ganges der Maschine die

schwerere Losung unten an.
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The first transport of frozen food to the UK

* In the UK the production of
meat was not sufficient to
feed the population

* The imported meat was
salted — and hated

* When the meat arrived in
the UK it created big joy
because people could see
an end to salted meat

Roger Thévenot: A history of refrigeration throughout the world, translated from French by J.C. Fidler, 1979,
International Institute of Refrigeration
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Sabroe compressor
no. 2 from 1897
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Progress in 1907/

'l

hrer Anlagen

Figur 23, Leichen-Gefrierraum im Hafenkrankenhaus Hamburg (Borsig).
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Freezing of fish
(Ottesen, Nekolai Dahls method), 1915

] m | \ . u ‘

5 \\__gf- T

nanann

-
—
—
—
p—
—
—

Wit W W

e
L

* L | I I

= T o T LR )

L | TTTI T T T I T T I At L LT [ sl

Abb. 102. Einbau einer OTTESEN-Fischgefrieranlage in den Dampfer ,,Karmay*
mmags Th. Sabroe, Aarhus, Dinemark). Sol
s i 4 Sole-
i CO.,-XKompressor it Kondensator, 2 Verdampfer, 3 Gefrierbehiilter,
&E&fﬁgﬁsﬁﬁﬁﬁ u ‘- .nisiertg Figch¥ehiilter, 6 Hebevorrichtung fir die Fischbehiilter, 7 Solepumpe,
’ ig- : 10 gefrorene Fische versandfertig verpackt.
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Marine Refrigeration U W R

Gottsche, 1915)
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Fig. 624. Marinetyp von Luftkiihlerschlangen und Armaturen fiir COz2-Verdampfung. o
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Fig. 567. Schaltungsschema einer CO2-Schiffskiithlmaschinenanlage (Linde-Atlas).

GIAN @ Indian Institute of Technology Madras; October 2017




Small capacity units

(Gottsche, 1915) (Hubendick, 1921)

Fig. 455. Kleinkiltemaschine ,Augutsa,,
mit Kiihlschrank (Riedinger).

GIAN @ Indian Institute of Technology Madras; October 2017




Georg Gottsche and Walther Pohlmann

IKET (Hrsg.)

Taschenbuch der
Kaltetechnik

~ Grundlagen, Anwendungen,
~ Arbeitstabellen und Vorschrifte

19,, iiberarbeitete und erweiterte Auflage




/ . .
Explosionsgrenzen der Kiltemittel.

% Gas in Luft

Walter Pohlmann, Tachenbuch Fir Kaltetechniker, 1935 e G R kv da

Aethylchlorid ...oevueeeeeeeen 443 95 1430,

ici i 1 AmmOniak. .« vveeerearaaeenes 12,; 59 22:2;
Official date of invention of the “Freon” is 1928 and in 1935 in Tl e
illi H H . Methylchlorid .....voeeeeeeees 49, s 115

the US had been sold 8 million Frigadaire fridges R A A

i ; Folgende Zahlen geben einen Vergleich der Gewichts-
AdOptIOﬂ by Walter Pohlmann in the book from 1935 is men(;ggn der Gase, die in einem gegebenen Raum die gleichen

. . Wirkungen auf den Organismus haben:
therefore a quick adoption o

Kohlensdure ..... e lmaile ) s 100
i, Aethylchlorid ............. 80
Some qualities of CO, came with 1000ppm CO (R. Plank) Methylchlorid ............ 70
Ammoniaks o EoE %
]ﬁhrlicher NH;-Verbrauch ’ Schwefl. Sdure ............ I
infolge Undichtigkeits-Verlusten. :
s Freon (F,,) ist dem Organismus noch weniger schidlich als
20000 keal Stunden-Leistung pro Jahr ..... ca.. 400 kg Kohlensiure. An offener -Flamme bilden sich Spuren von
50000 5 2 2 Ll 2500 o Phosgen, das sehr giftig ist..
80000 5 3 29 29b i psis g e ie 2 IZCS) 33
120000 1 £Y) E3) 99 Lt Eole o ig » » % f2 : Bt "
200000 ”Z s s S e A 5 1308 55 Vergleich der Kiltemittel in ihrer Wirkung auf
500000 5 3 D) 531 e &« o3 e den menschlichen Organismus :
(nach amerikanischen Angaben).
DL B
: Menae.di Ernste Wirkung | Leichte Wirku
Jahrlicher CO,-Verbrauch Menge, die s, b 1 0k Lelchee Wirkting
. . . Inatms i
infolge Undichtigkeits-Verlusten. ST e lbe: Einatmen
. Nelyle 1000 cbft Vol. % xooog:‘l%)rft Vol d K pel;:
5000 keal Stunden-Leistung ............. ca. 80 kg 1000 GhiR
TOO0O0 .o sy il Kohlensiure ... 30 | 33 gt de o i
39 3 3 3 120 Meihylehloridy ik 3_3 81 7779 4—6 | 4,5—6,8
20000 EY) EY) DY B Py 160 3y N S22 20—40 5—10Y) 6—13 2—3 2,6—4,0
B secs 0,5S—I,0| 0,2 5 .
gg% 33 3 99 Ao At deveie et g Eael SICICICHS 33 400 P Schuell Satee i _5 g,gi 2;: 2,03 0,013
120000 3 e M e S » 600 91y Chloride ,..... 0,1 052 0,005 o’r o’zgg i
3 ’Y) 99 L7 L oerelietierte M »» I000 ,, Chlorofoiss 5 5 5 ,0004 0,007
L ; Sua % 22 1,4—3 | 43—93 | o, 6
Der hohe Verbrauch an CO, hat seinen Grund in dem lf:\reet:ylc;uond 1] 18290 | soiie £ i s2 I,
hohen Druck in dem Kompressor gegeniiber der Atmosphire i 3 = ke 7 28-30
und in der Geruchlosigkeit der CO,. :

") Nur BewuBtlosigkeit ohne Nachwirkungen.



State of the
technology

* Materials and the state of the
technology was not capable of
handling the working fluids

* This came with a higher leak
rate than in modern
refrigeration machines

VII. Die Kiltemaschinen
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VII. Die Kéltemaschinen

159

sverbindungen fiir NH;-Leitungen vorwi
durch aufgeldtete, mit Nut und Feder verse%ene Fﬁ&:glfg
o der Nut liegt ein Ring aus Idealgummi oder Klingerit,

Reguherventq besteht aus normalem Ventilkonus, der
drehbar auf der Spindel sitzt und einen lingeren, sehr steilen
weiteren Konus tragt (siche Armaturen).

Roh

Stopfbiichsen fiir NH,.

Man unterscheidet bei hin und her gehenden Wellen
Weichpackung (Baumwollringe) und Metallpackung.

Abb. so. Baumwoll-Stop£biichspackung fiir NHj.

a = Grundring b = Baumwollzopfe d = Laterne
¢ = Gummiring f = Baumwollzopfe.

51. Metall-Stopfbiichspackung fiir NHj.

Spannringe aus Gufieisen
Dichtungsringe aus Weiimetall
Gummiringe mit Baumwolleinlage
Grundring aus Weifimetall
Absauge-Laterne.
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=
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Schmierung von NH;-Kompressoren.

iot eine moderne Prefidlschmierung fiir liegende
Abb. 53 zelgt £ on der Welle aus angetriebene Oler a

Kompressoren., Der v § n ne O é
und die Stopfbiichse mit Kkiltebe
versoIfl Zgl‘:rn ‘fiﬁ Schmie: ges Triebwerks ist ein

en
thﬁndigcm oL racht mit einem Olfilter, aus dem das




About Georg Gottsche and Walter Pohlmann

* 1905-1916 — Georg Gottsche, Hamburg-Altona
Beratender Ingenieur, Offentlich angestellter und beeidigter
Sachverstandiger fur Kaltetechnik; Herausgeber ,,Jahrbuch fir Kalte-
Techniker” und die Zeitschrift , Die Kalte-Industrie®

* 1919-1957 - Dipl.- Ing. Walter Pohlmann, Hamburg-Altona
Beratender Ingenieur, Beeidigter Sachverstandiger fur Kaltetechnik;
Weiterfuhrung des ,Taschenbuch fur Kalte-Techniker” und der
Zeitschrift ,Die Kalte-Industrie®

¢ 1957-1990 - Dipl.-Ing. Walter Maake und Ing. Hans-Jiirgen
Eckert, Hamburg-Altona
Beratende Ingenieure und unabhangige Sachverstandige fir
Kaltetechnik;
Weiterflihrung ,,Pohlmann Taschenbuch der Kaltetechnik”



Modern refrigeration with CO, anno 1962

A-G.THOMAS THS. SABROE & o,

| !
| | e AARHUS (Dinemark)

” baut als ausschliessliche Spezialitat

Eis- und Kilte-
- Maschinen

e - CO.-System
fir Land- und Marinezwecke

in hochmoderner Konstruktion
und solider Ausfihrung.

2006 Maschinen und
| Anlagenausgefiihrt!

Einfachste Bedienung. Gerduschloser Gang.
fHégﬂgte; Betriebssicherheit. Billige Preise.

| Export nach allen Landern.
44 K}at’alogb, ‘Kostenanschlage, Projekte
] auf Verlangen

ret, d i com Sabroes
lindret, ¢ bbeltvirkende COy-kompresser af
or ;:agg krydshoved og dbent krumtaphus.

1915



Onboard the modern
fishing vessel

* NH3 for fishing vessels delivered recently

* Heat recovery from these systems is normally
not an issue because the main engine provide
plenty of hot water

* Acceptance of NH; on fishing vessels is easier
because of limited and trained crew

* Discussions are ongoing with classification
companies to accept this equipment on
merchant ships as well




management today

Optimal space




Future

* Ammonia systems
* Cascade systems (CO,/NH,)

* Trans-critical systems (CO,)




Why NH,?

* When the last gas is gone — it will take some million years — if we dig
sufficient material in to the ground under great pressure to produce
new oil, gas or coal

* CO, emssions will come from burning biomass and waste

* Hydrogen can be produced from water, a side product will be NH,

* Hydrogen is more demanding to store and transport than ammonia
* If needed, NH; can be processed to H, on site

* This makes NH; acceptable in the machine room — especially because
the refrigeration circuit is a closed loop



Markets — latest information

Information from FAO



Resent new ships

Highlights

e Freezing capacity of 200 tons of fish per 24 hours.

e Cargo holds capacity of 900 tons at -30 degrees
Celsius

e NH3 - Ammonia: Natural refrigerant - no
environmental impact

e (CO2 - Carbon Dioxide: Natural refrigerant - no
environmental impact

e  The plant has high flexibility and high
performance levels

e  The plant has titanium shell-and-tube chillers and
condensers, which ensures long service life and
trouble-free operation




* Closed machine room for chiller

Closed loop
. * Ventilation either to motor or to
NH; chillers the froe




How many vessels are there out there?

FLEET SIZE AND COMPOSITION Data source

EMPLOYMENT Data source

ECONOMIC VALUES

Data source

~ 750000

Non-motorized ~ 500000

<12m
12-24 m
>24m

~200000
~40000
~10000

e =10 000 VESSELS

~ 33 million people « 1

PRIMARY SECTOR | SECONDARY SECTOR

Yn fishing (primary); transporting, processing,
preparing, selling (secondary).

’.H =1 MILLION PEOPLE

Sorurce: https://www.fao.org/3/cc0461en/cc0461en.pdf

Estimated landings value:

® = USD 1BILLION

—

J)—J{—"\_;"/;/ |

~ 7% derived from tuna,
making it a high-value species



World fisheries and
aguaculture production

MILLION TONNES

0 T T T T T T T T T T T T T
1950 1955 1960 1965 1970 1975 1380 1985 19%0 1995 2000 2005 2010 2015

* Source:
Capture fisheries — [N Capture fisheries — 17 Aquaculture — M Aquaculture —

https://www.fao.org/3/cc0461en/cc046len.pdf i e p TR M

NOTES: Excluding aquatic mammals, crocodiles, alligators, caimans and algae. Data expressed in live weight equivalent.
SOURCE: FAO.

1990s 2000s 2010s

Average per year

Million tonnes (live weight equivalent)

2020

AQUACULTURE

|

CAPTURE

Production
Capture:
Inland 7.1 9.3 11.3 12.0 12.1 11.5
Marine 81.9 81.6 79.8 84.5 80.1 788
Total capture 88.9 90.9 91.0 96.5 92.2 90.3
Aquaculture:
Inland 12.6 25.6 44.7 51.6 533 54.4
Marine 9.2 17.9 26.8 309 319 33.1
Total aquaculture 218 43.4 71.5 82.5 85.2 875
Total world fisheries and aquaculture 110.7 134.3 162.6 178.9 177.4 177.8



The future

It is easy to predict the future, it is harder to make a prediction that
ends up being totally correct



Natural refrigerants are the only long term
working fluids

* The price of gases based on natural gas will increase in the coming
years

* There are more important uses than just burning gas; e.g. natural
refrigerants can also be recycled

* One day there is no more natural gas and it is not likely that it will
ever come again

* Pollution and breakdown down products released in to the air and
water are a great concern for fluorinated gases



Thank you for your
kind attention

Questions?



