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Zgodnie z konwencja przyjeta przez
Miedzynarodowy Instytut
Chtodnictwa, kriogenika oznacza
metody uzyskiwania temperatur

BARDZO WYSOKIE TEMPERATURY
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W tak niskich temperaturach: o]

- przejawiaja sie nowe wtasnosci
materii (skroplenie gazow trwatych,
nadciektos¢ i nadprzewodnictwo)

- ulegaja spowolnieniu badz
zatrzymaniu wszelkie reakcje

- zZmniejsza sie nieuporzadkowanie
substancji, znikaja szumy
(krioelektronika))
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wnetrze najgoretszych gwiazd

reakcje fuzji wodoru
whnetrze Stonca

korona stoneczna

zjonizowana materia (plazma)

powierzchnia Stonca

wiokno zaréwki

temperatura topnienia zelaza
turbina parowa

procesy biologiczne
nadprzewodnictwo wysokotemperaturowe
temperatura wrzenia azotu
nadprzewodnictwo NbTi (9.6 K)
temperatura wrzenia helu 4
temperatura wrzenia helu 3
przejscie w stan nadciekty helu 4

nadprzewodnictwo w wolframie (W)

magnetyczne uporzgdkowanie w statym helu 3
przejscie w stan nadciekty helu 3
nadprzewodnictwo w rodzie (Rh)

najnizsza osiggalna temperatura w catej objetosci prébki

najnizsza osiggalna temperatura jgdra miedzi (Cu)

kondensat Bosego - Einsteina



—

7
‘%13 Politechnika Wroctawska

Cosmic Microwave Background Radiation (CMBR)

Fluktuacje
temperatury sg rzedu
40 mikroK (40 E-6 K)

Cosmic
Microwave

Temperature of Universe Background as
pictured by

T=27K (_2705?0) COBE satellite

1989 - 1993
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Cosmic Microwave Background Radiation (CMBR)

Temperature of Universe Cosmic Microwave Background as

T = 27 K (_2702(:) pictured by COBE (Cosmic

Background Explorer) satellite

DIFFUSE INFRARED
BACKGROUND EXPERIMENT

INSTRUMENT AND
SPACECRAFT ELECTRONICS

FIRAS (Far-Infrared Absolute
Spectrophometer), detektory
instrumentu FIRAS dziataty w
temperaturze 1,5 K. W misji
zastosowano chtodzenie aktywne,
wykorzystujgc w tym celu ciekty hel.
Instrument pracowat od listopada 1989
SOLAR PANELS do wrzesnia 1990, kiedy to zapas
ciektego helu ulegt wyczerpaniu.

https://pl.wikipedia.org/wiki/COBE#cite_note-astronautica-1
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VOLUME 70, NUMBER 18 PHYSICAL REVIEW LETTERS 3 MAY 1993

Nuclear Antiferromagnetism in Rhodium Metal at Positive and Negative Nanokelvin Temperatures

P. J. Hakonen, R. T. Yuorinen, and J. E. Martikainen

Low Temperature Laboraiary, Helsinki University of Technology, 02150 Espoo, Finland
(Received | February 1993)

We have measured the dynamic susceptibility of polycrystalline rhodium foils down te 280 pK and up  #
to —750 pK. These record-low and -high nuclear spin temperatures were reached by adiabatic demag?
nelization using initial polarizations of 83% and —60%. rAl T >0, the slalic susceplibilily, integrated
[rom NMR spectra, displays an antiferromagnetic Curie-Weiss luw, with #=—1.8£0.]J nK. AL T <0,

u crossover from ferro- 10 antiferromagnetic lendency is found around —6 nK. We ablain Jau/h = =11
+ 3 Hz and Jane/h =10 3 Hz il only nearest and next nearest neighbor interuclions ure assumed.

PACS numbers: 75.30.Kz, 75.904+w

The record — low spin temperature

T= 280 pK (10-'2 K)
0,00000000028 K
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Najnizsza uzyskana temperatura: T=

280 pK (1012 K) (0,00000000028 K) !!!

T T ——— s JAK MOC jest konieczna do
Nuclear Antiferromagnetism in Rhodium Metal at Positive and Negative Nanokelvin Temperatures

napedu chtodziarki

Low Temperature Lal.:ommry‘ Helsinki University of Technology. 02150 Espoo. Finland
(Received | February 1993)

We huve measured the dynamic susceptibility of polycrystalline rhodium foils down to 280 pK and up ¢ ‘ ar n Ota O m O C 1 Watt
to =750 pK. These record-low and -high nuclear spin temperatures were reached by adiabatic demagy?
netization using initial polarizations of 83% and —60%. tAl T >0, the stalic susceplibility, integrated
from NMR spectra, displays an antiferromagnetic Curie-Weiss law, with §=—1.8£0.3 nK. At T <0,

u crossover from ferro- (o antiferromagnetic tendency is found around —6 nK. We obtain Ja/h = —17 )
#+ 3 Hz and Jano/A =10 3 Hz if only nearest and next ncarcst neighbor interactions are assumed. =
PACS numbers: 75.30.Kz, 75.90.4+w

. . . -12
W =0, Ty —Tc _ 300-280-10

-12
/ 2 isothermal processes TC 280 ’ 10

@1070 (W]

Catkowita moc zainstalowana w
elektrowniach USA wynosi ok. 1300 GW) Il

=1,07-10%

Qc
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Jak skropli¢ i zestali¢ gazy trwate, wg
Jonathan Swift , Podroze Guliwera,1726

Jedni z tych pracownikow naukowych napetniali
powietrzem ogromne, skorzane wory, a nastepnie z
nagta na nich siadali, gwattownie je ugniatajqc...
Sztukmistrz generalny wyjasnit nam krotko, ze
pierwsi z jego asystentow zajmowali sie
zgeszczaniem powietrza, aby uczyni¢ z niego
substancje twardq jak kamien.

(Podroze Guliwera, wg Jonathana Swifta opracowali Jacek Bochenski i Marian Brandys, Nasza

Ksiegarnia, 1967).
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Karol Olszewski i Zygmunt Wréblewski
skroplenie powietrza, azotu, tlenu rok 1883

1846-1915

liquifaction vessel

1845-1888

Uniwersytet Jagiellonski, Krakow

Bylo to pierwsze skroplenie tzw. gazéw trwatych,
czyli nie poddajacych sie skropleniu poprzez
sprezenie i wymiane ciepta z osrodkiem o
temperaturze wyzszej od temperatury krytycznej
skraplanego gazu.

cryostat
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Przemyst gazow technicznych umozliwit
rozwoj metalurgii i innych dziedzin

Georges Claudet — co-
founder of the L’Air Liquide in
1902

Carl von Linde = Linde
AG founder in 1895

Transfer odkrycia Wroblewskiego i Olszewskiego
do przemystu odbyt sie w dekade!

EAIH LIQUIDE
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James Dewar - wynalazca izolacji préozniowej,
Zi roku

Environment — warm boundary
N

VACUUM

Instilated space — cold bgundary

1842-1923

The original concept of
Dewar vacuum
insulation is still valid,
different vacuum filling

are being tested Vacuum Insulation  Insulation
with Glass Spheres

Multilayer
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Skroplenie helu przez H. Kamerlingh Onnesa w

1908 oraz odkrycie nadprzewodnictwa w roku 1911

gt

»~Mercury has passed into a | - __
new state, which on account ** T
of its extraordinary electrical =
properties may be called the #*
superconducting state”

| (K.K. Onnes Nobel prize lecture, [ P
1913) - I
0,08
e superconductivity in Hg \o’m w-mf
TC=4'2K (1911) .':',as“w\‘_’,jﬁig 430 45
,Mercury practically zero." Onnes wrote R = 0 below T.: 10-23
/ :.,f\ P those words in his notebook at 4 P.M. on Q_cm e1%v1v5 tic,;.,(ei rower
(g ; . ’
i April 8, 1911

than resistivity of Cu)
The Nobel Prize in Physics, 1913
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Bednorz i Mueller - odkrycie nadprzewodnictwa
wysokotemperaturowego w roku 1986

The Nobel Prize in Physics 1987

IBM Zurich Research Laboratory
Ruschlikon, Switzerland

J. G. Bednorz, K. A. Mueller (1986). "Possible high T
superconductivity in the Ba-La-Cu-O system".
Zeitschrift fiir Physik B, 64

»It is too early to predict how
extensive the technical
applications will be, but it is
quite evident that the
development is being followed
with keen interest by
representatives of electrical
power technology, by
microelectronics researchers
and by physicists who
envisage new applications in
measurement technology”

Form the Nobel Prize justification
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il 33kW@50Kto75K

" 23 KW @ 4.6 K to 20 K
i 41 g/s liquefaction




Quarks

Electron Radius of Galaxies
~ ]
Universe

\

)

Atom
5

Study physics laws of first moments after Big Bang
increasing Symbiosis between Particle Physics,
ﬁ Astrophysics and Cosmology
‘


//upload.wikimedia.org/wikipedia/commons/3/3b/Rudjer_Boskovic.jpg

Zwiazek energii ze skala liniowa obiektu

Zwigzek pomiedzy czestotliwosca
E — h f fali i energig

h — stata Plancka, f - czestotliwosc¢

L —_— C/f E S h C / Zwigzek pomniedzy energig E i
- - dtugoscig fali L

Im mniejsze obiekty obserwujemy tym krotszych fal
potrzebujemy aby je ,,oswietlic”, tym wiekszymi energiami
musimy dysponowac



The history of accelerators

T4 Rozwoj akceleratorow

107eV [
[ [ J
- wykres Livingstona _rotev |
EQ . .
q 10V Kriogenika /TGV 4
~ E
uf - 2
— 100 TeV - Storage rings | / SEFES
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przez ponad 70 lat

z l Deblecting putentisl Y
Llectrrmeter o Ry
L ] % o R

Diagram of the first successful
cyclotron constructed by
Lawrence and M. S. Livingston.

The single dee is five inches in \ i POStQP mOiliWy dZiQki OkI‘eSOWym
dameter przeskokom z dojrzatych do nowych
technologii
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The large Hadron Collider

Collision of proton beams... ...0b

to Gran Sasso

East Area

neutrqw :

/ n-TokF
LINAC.L’EEQ:F)
ions h
' Lr\

-
BOOSTER ISOLDE lons i’ Y :
| ' Leir

p p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion =>>- proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight
P neutron P neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso




Kluczowe technologie LHC - skala zastosowan

 Nadprzewodnictwo nisko- i wysokotemperaturowe

1250 ton nadprzewodnikow na bazie Nb-Ti

7000 km nadprzewodzacych kabli typu “Rutherforda”
1232 magnesow dipolowych, 474 kwadrupoli, 8000 innych
Nowe materiaty konstrukcyjne stosowane w magnesach

Zaawansowane pomiary magnetyczne i elektryczne w niskich
temperaturach

Doprowadzenia pradowe z nadprzewodnikow
wysokotemperaturowych ,,BISCO”

. Krlog,emka nadciektego helu (< 1,9 K)

- Wykorzystanie helu nadciektego w postaci sprezonej i
nasyconej

Kriostaty o niskich doptywach ciepta
Wysokosprawne chtodziarki helowe o mocy 154 kW@4,5 K
llos¢ helu w systemie kriogenicznym akceleratora: ok.120 ton

e Technika prozniowa

Ultrawysoka proznia w rurze wiazki

,Kriogeniczna” proznia izolacyjna na calej dtugosci
akceleratora




Large Hadron Collider

[/ TeV + 7 TeV

) 4

Luminosity =

1034cm2sec

Further LHC results will
determine the future course
of High Energy Physics
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Wybor nadprzewodnika do budowy magnesow

Poréwnanie kabla
miedzianego z
ekwiwalentnym
kablem NbTi

== Nb-Ti @ 4.5 K
== Nb-Ti@ 2 K
=0=Nb3Sn @ 4.5 K

‘\\

3 Tesla

\

Y:

8

10 12 14
B[T]




‘%‘ Schematy chtodzenia - przewodzenie przez He Il z dochtodzeniem -
kriostatowanie ciagow magnesow LHC o dtugosci 3300 m,

10000 ¢
F SOLID )
- saturated He ll, flowing heat exchanger tube
1000 | PR pressurized He ll, static
F ' crimipaL !
= ~ 7
% Hel e /] /| s
= SO - < e
@ FF PRESSURIZED He Il 7 = —
§ [ (Subcooled quuide) ‘y’,"// _ V/
10 ¢ Pad j A
S .
. — SATuRATER Red magnet sc bus bar connection
(0] 1 2 3 4 5 6

Temperature [K]

helium vessel

Heat Exchanger Pipe
Superconducting Coils

Helium-II Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars
Vacuum Vessel
Radiation Screen

Therma | Shield

The
15-m long
" LHC cryodipole




13 kA doprowadzenia pradowe wykorzystujace nadprzewodniki
wysokotemperaturowe HTS - najwieksza dotychczasowa aplikacja HTS

Current (A)

I=13000 A

THe _inlet=10 K

THe ext=200 K

mHe=063 g/s

Woltage drop across resistive part=70 my
THTS=45 K

RHTS/Cu_45K=2.5 nOhm
RHTSATS 4 5K=less than 1.5 nOhm
Q(4.5K) less than 1 Wilead

89:36:00 10:48:00 12:00:00 13:12:00

time

TOPTECHNIKA 16.01.2014

0.08

T 0.07

T 0.06

+ 0.05

+ 0.04

+ 0.03

+ 0.02

+ 0.01

0

Voltage drop across resistive part (V)
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Termodynamiczna optymalizacja

systemow kriogenicznych - przyktad

Cryogenic devices and systems must
compromise between mechanical stability and
thermal losses. A good example of such
approach is a support of LHC superconducting
magnets, each weighting 30 tons. The support is
a thermal bridge between 300 K and 1,8 K.

Magnet 30 tons

Aispunog piao - saeds pajejnal)

Heat
interception
temp. level
- to be
optimized




Polski wktad w prace przygotowawcze LHC - analiza
termohydrauliki przejscia rezystywnego magnesow

15-m long
" LHC cryodipole

Bu:

E=%LI°2L=0.098H 1I-=
11.85kA

E ~7 x 10% Joules

Magnesy LHC dipole waza po
okoto 30 ton, tak wigc energia
pola magnetycznego jest
rownowazna:

30 tonom bedacym w
ruchu z predkoscia
77 km/godzine
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Large Hadron Collider accident - faulty
electrical joint of two superconductors

No electrical contact between wedge and U-profile No bonding at joint with the

with the bus on at least 1 side of the joint U-profile and the wedge ThermOdynamlc mOdel

3xQV 2xSV
pset:jgba pset=$07b Vacuum vessel Thermal shield Cold mass
r

i y / /

J * qRateQuench I

Figure 7: Model of resistive joint in bus bar
with bad electrical and thermal contact with the stabilizer

3

gRatear * 'qRateOl 1 gRatez; gRates
Holes 2x32cm? @ t=0s Holes 2x30cm? @ t=22s
2 18 180
m— Pressura in Vac Vessel
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— =
4 0 44 - 40
2 | 10 : 20 Maciej Chorowski et. al.,
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-

gg Wroctaw University of Technology

Safe operation of
cryogenic systems

: | u»////c
g»“-'\'w'!r'x'( P////////M‘“j

—

Mechanical break of warm vacuum
vessel

e Fast degradation of vacuum insulation

with air Underestimation of heat
e Intensive heat flow to the cryogen i
. Magnet quench (optionally) flux to the helium caused
« Pressure increase of the cryogen serious damage of the
« Opening of the safety valve :
« Cryogen discharge through the safety LHC accelerator in 2008

valve
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Kriostat testowy pozwalajacy na uzyskanie
nadciektego helu pod cisnieniem 1 bar

From He liquefier

l

1 bar, T=4.2K

He I

-

T =T,

Politechnika Wroctawska



Prototypowe ciggi magnesow - zrodta
danych doswiadczalnych
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LHC w Polsce
15.11.08 Warszawa
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g C e ollaboration <
Zec Service Wroctaw -dostawca B @)

systemow gazowych dla The CMS Gold Avar

eksperymentu CMS w CERN i i 8

Wroclaw, Poland

for their achievements in the

Production and installation of cooling and gas
circuits for the CMS Detector

Professor Dr L. Fod
Geneva, March 13, 2006 Chairperson of the CMS Collaboration Board

= ﬂl\

H \\\'H\ AR :

LHC w Polsce
15.11.08 Warszawa
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Kriosystem sp. z 0.0. - dostawca systemu kriogenicznego
HiLumi w CERN, ok 1500 m ztozonych instalacji
kriogenicznych, kontrakt w latach 2023 - 2028

The High-Luminosity Large Hadron
Collider (HL-LHC) project aims to
crank up the performance of the LHC
in order to increase the potential for
discoveries after 2029. The objective
IS to increase the integrated luminosity
by a factor of 10 beyond the LHC’s
design value.

Prototyp instalacji HiLumi, CERN luty 2024
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The European X-Ray Free Electron Laser
XFEL — laser na swobodnych elektronach

LA P
L=l o momill
<

SN v

SN N 0T

Electron source
and accelerator

Electron trap

ight beam

Experiment

The European XFEL is a research
facility currently under construction in
the Hamburg area, Germany

The X-ray flashes will be produced in
a 3.4-kilometre-long facility.

Initially, a particle accelerator brings
electrons to almost the speed of light.
These electrons are then made to follow
a tight slalom course on which they emit
intense flashes of X-ray radiation.

The accelerator elements are cooled
to 1,8 K using superfluid helium.

The electrons are accelerated in 101
accelerator modules.

12 countries involved in the project: Denmark,
Germany, Poland, Switzerland, Russia, Spain,
France, Sweden, Hungary, Italy, Slovakia, Greece
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Polski wktad - budowa elementow

kriogeniki hali testow

European X-ray Free Electron Laser (XFEL) being under construction at DESY
in Hamburg will be composed of 101 cryogenic modules, each holding eight
superconducting cavities. The cavities and cryomodules will be tested at their nominal
operation conditions in the dedicated Accelerator Module Test Facility (AMTF).

Cryomodule -

. ;

i i !

! P !

! il !

! il !

! P! !

! i | !

! I l

! Pl '

! il '

i C i

i L XATL4 XATLS i

i i 30m 50 m i

| | |

! | XA—XFEL AMTF 7 :

i i TL—Transfer Line |

| 1256 mim | i i ST Storage Tank XATB1 XATB2 XATB3 |

! [ &) 4 I

1154 mm : I : TC—Test Cryostat i

H&""Lr | CF:)%“';T' i : i SB—Subcooler Box ; I

I 1 1 S - ’ !

& |V VTVTV |V Wi i Leepmnl [ YB3 MulyeBox | I L

In.4t L i i i i : i TB—Test Bench T DS | I

NWAAAAAAAALL | : 1 : i

rf pick HOM i To 300 K helium compressor suction | i To 300 K helium compressor suction i

up coupler e, ————,————————————————————————————————— i
8 Superconducting Sub-system 1 Sub-system 2

cavities in 1 module Scheme of the Accelerator Module Test Facility
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Produkcja i montaz elementow linii
kriogenicznej we Wroctawiu

’ - ¥
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Installation of the process lines
in their thermal shield and
(courtesy Kriosystem)

Winding MLI (30 layers) on the thermal
shield (courtesy Kriosystem)
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Linia kriogeniczna zostata zaprojektowana i

wyprodukowana w Polsce oraz zamontowana w DESY

The required cooling power at AMTF (3 kW @40 K + 0.5 kW @4.5 K + 0.8 kW
@2.0 K) will be treansfered from helium refrigerators by:

- pressurised gaseous helium at 40 K and 17 bar,
- supercritical helium at 4.5 K and 3.5 batr.

AMTF hall will be connected with the helium refrigerators by multichannel
cryogenic transfer line XATL1, located on the bridge.

Multichannel cryogenic transfer line
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Instalacja linii na moscie XFEL w
DESY, Hambur
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Installation of the XATL1 modules on the piping bridge
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AMTF Hall cryogenic structure
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i b 17 m 30m 50 m i
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| | XA—XFEL AMTF :
i : i TL—Transfer Line |
! : | ST Storage Tank XATB1 XATB2 XATB 3 :
i ! : TC—Test Crvostat i
j : | SB—Subcooler Box |
; | : VB—Yalve Box : : : :
i b TB—Test Bench e e e e e e le e i i I
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; To 300 K helium c%mpressor suction | : To 300 K helium cvompressor suction i
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Sub-system 1 Sub-system 2
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XATC kriostaty, 1,8 K projekt i opracowanie

technologii: Politechnika Wroctawska

Sub-atmospheric pressure manifold (SM)30 mbar 300K

Nitrogen manifold (NM>3bar 300K |nsert Top P|ate
High pressure manifold (HM> 8:l6boar 300K
Low pressure manifold (LM)1,1+1,3bar 300K o
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AMTFE hall outside
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Design and thermodynamic optimization of the Low Pressure Heat
Exchanger (LPHE), Politechnika Wroctawska
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Wroctaw University of Technology

Produkcja kriostatow w przemysle,
Kriosystem Wroctaw, nadzor PWr
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XATC cryostats installation in AMTF Hall at
DESY,Hamburg
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=] XATC1 - preparation for commissioning at

B DESY site, Hamburg
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XATC1 - first cool down to superfluid

Wroctaw University of Technology

helium conditions
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Kompleks akceleratorow FAIR w
armstadt, Niemc
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Elementy systemu kriogenicznego, projekt PWr,
produkcja w polskim przemysle

11th FAIR In Kind Follow Up and Monitoring Group, 20" of March 2024




Linia przesytu prgdu 13 kA kablami nadprzewodnikowymi, zasilanie
magnesow akceleratora SIS 100 w FAIR prOJekt PWr
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System kriogeniczny
akceleratora ESS, Lund
Szwecja

Protony przyspieszone w
nadprzewoenikowym akceleratorze
wybijg ze specjalnej tarczy neutrony
stuzgce do badan materiatowych

vvvvvv
MONOLF

nnnnnn

Protons are generated The protons strike the target When the neutrons arrive

in the ion source and high-energy neutrons sacron NS { !-E at the instruments, researchers
are released e — use them to examine matter

down to the atomic level

nnnnnnnnn
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ssssssssss

Cavities accelerate
the protons to 96% \ L
of the speed of light roro

EXPERIMENTAL  SCIENTIFIC

The neutrons are slowed down
and sent down neutron guides to
the instruments

All the data is sent to the Data
Management and Software
Centre in Copenhagen to be
stored, managed and analysed
with the researchers
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System kriogeniczny akceleratora ESS, Lund
Szwecja, zasilanie kriomodutéw ciektym
helem, projekt PWr, produkcja i instalacja
Kriosystem sp. z o.0.
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System kriogeniczny o
dtugosci okoto 300 m
zainstalowany w
tunelu ESS, Lund

Lhe, 4,3 K, 3 bar

Stanowisko testowe, optymalizacja
rozwigzan
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System kriogeniczny akceleratora ESS, Lund Szwecja,
zasilanie kriomodutoéw ciektym helem, projekt PWr,
produkcja i instalacja Kriosystem sp. z o.o0.
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Duza infrastruktura badawcza —
projekty o pokoleniowej statej
czasowej, kriogenika jest jedng
z bram do tych osrodkow
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Tematyka

e Kriogenika, definicje, rys historyczny
e Przyktady zastosowan kriogeniki

- Satelity,

- Akceleratory - Wielki Zderzacz Hadronow i
inne duze projekty FAIR, XFEL, ESS ...

- Lotnictwo
» Kriogenika - polska specjalnosc



Master programmes in English

Wodor charakteryzuje najwigksza Flcarbon
gestos¢ energii w MJ/kg M hydrogen

25 - 12 wt.%
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at Wroctaw University of Technology

Sprezony wodor ma objetosciowg gestosc energii porownywalng z ciektym wodorem przy
cisSnieniu 700 bar. To pokazuje skale trudnosci magazynowania wodoru przy duzej gestosci
energii

- Liquid Hydrogen — 20 K, 1 bar dewar vessels
(car tanks: 5 MJ/liter)

— Compressed Hydrogen - up to 700 bar, 300 K
(car tanks: : 4,7 MJ/liter)

LH2 - Tank System
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leved probe
filling line S pension
a5 extraction
liguaied estraction licyuid Hydrogen

|-253=)
filling port

safary valve

gaseaus Hydrogen
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shut-off valwe

alectrical heater .
rewersing vahee . cooling wata
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aw University

the EU European Social Fund
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Kriogeniczne silniki rakietowe ,state of art technology”, paliwem jest ciekty
wodor, utleniaczem ciekty tlen. Stad technologie kriogeniczne sg rozwijane w
panstwach o ambicjach mocarstwowych — USA, Francja, Indie...
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Samoloty zasilane ciektym
wodorem @ 20 K ( - 253 °C)

The hydrogen powered Boeing
Phantom Eye UAV first flew on 1 June
2012, LH2 powered

[September 7, 2023, Stuttgart/Maribor]
— H2FLY, the Stuttgart, Germany-based
developer of hydrogen-electric powertrain
systems for aircraft, today announced it
has successfully completed the world’s
first piloted flight of an electric aircraft
powered by liquid hydrogen.

Results of the test flights indicate that
using liquid hydrogen in place of gaseous
hydrogen will double the maximum range
of the HY4 aircraft from 750 km to 1,500
km, marking a critical step towards the
delivery of emissions-free, medium- and
long-haul commercial flights.




—

N
‘ Politechnika Wroctawska

Tematyka
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East Hanover Salzwedel, Germany

Field Odolanow, _
Poland Orenburg, Russia

i
Y ,

J Helium Producing
J Non-Helium Procluniril

N
o 4
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Irkutsk, Russia

British Columbia/
Alberta, Canada

Riley Ridge,
Wyoming

Moab,
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Fig 1 Helium can be extracted from only a few natural gas fields around the world. The rich-
est field is in the state of Utah in the U.5.
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The only place in Europe where helium is produced
from natural gas is PGNIG Odolanow, Poland

=
Helium: 446

ton/year
1 1.6% of world
] consumption

o g b e 2
D — -

Natural gas
(pipe): about
3500 ton/day
About 30% of
Poland gas
production
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Low-methane gas purification . .

= Liquid Natural Gas (LNG):

Low temperature distillation of natural gas About 150 ton/da}y (Ca 4% of
s total gas production)

P Helium purification, liquefaction and storage
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Czy mozna sie obejs¢ bez kriogeniki?
Tak, lecz czasami moze to byc¢ ktopotliwel!
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