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Motivation

Nelium cycle
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Cryogenic system for the FCC-hh
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Baseline cryogenic cycle

Nelium Turbo-Brayton cycle: former

baseline cycle layout
Key components:
- multi-stage centrifugal compressor (~10 MW range)
- turbo-expander ~700 kW — power recovery in compressor
Hel
Previously considered Nelium composition: 33 vol. % of neon |
| PT Nelium Hed
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Limiting factors

1. Turbo-compressordesign 3 2. System size and gas mass
| Relative heat exchanger sizes
3
Currently developed 1-tandem design: g ,x
g :
- upto40vol. % He; g 2
=15
- total compressor isentropic efficiency: ~73 % =
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Helium content (vol.)
Number of required compressor casings depending |
on the helium content Theoretical relative gas mass compared to a pure helium cycle
(M. Podeur, University of Stuttgart; MAN) (excluding the buffer)
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Compared cycle arrangements
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Compared cycle arrangements
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v’ 2 inner heat exchangers v reduced pressure ratio v reduced pressure ratio
v’ easier pressure control v higher volumetric flow to the second
compressor casing
v’ reduced pressure ratio of pre-cooling turbine
compared to cycle B
x higher pressure ratio x additional heat exchanger x additional heat exchanger
Cycle A (baseline : Cycle : : /i
4 ( 4 x high speed of the pre-cooylfng%rbme (high Cyele €
pressure ratio) Chosen arrangement
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Compared cycle arrangements

Required pressure ratio depending on the gas mixture

composition
Cycle C - > new baseline 6.2
6.1
Advantages: 6
- Reduced pressure ratio > 8 5.9 l
(1)
o 5.8
- Higher volumetric flow on the inlet of the second casing % 5.7 J l
o
Thus, for 40 % helium: a 5.6 l
V1 casi 5.5
Cicle A: — I 2.4 5.4
Vs casing .
Ve 5.3
CycleC:  —“79~1,9 (var) 0.3 0.4 0.5 0.6 0.7
2 casing Helium content (vol.)
Increase helium content up to 60 vol. % He or - 1 compressor impeller — +4..5 % to the total
compresor ns?
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Improved cycle concept

Total isentropic power of the compressor depending on the middle

MC pressure (for NTU1=18)
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| . . .
| — Case study (under progress): matching the turbo-compressor middle pressure with the
| | G | BS_in cycle parameters
| — Estimated total power for the chosen case: ~9.7 MW
| | LHX |
\MT/
He_ out BS out
, . Yy 26.06.2019: “Improved concept of the Nelium Turbo-Brayton cycle
New baseline cycle flow diagram for the FCC-hh beam screen cooling”,
S. Savelyeva, S. Kloppel, Ch. Haberstroh, H. Quack
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Upper heat exchanger design

Reduction of the heat exchanger cross-

MC section area and the cold box diameter
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New baseline cycle flow diagram Length: 5.6...6 m;
Diameter: 3.6..3.8 m
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Natural Nelium concept

- Corresponds to the neon-helium ratio in the air:

Natural Nelium: (Ne:He) ~(3:1) + (3...8 %) H2

- Economically advantageous

LP T T LN,

-] 95.9% N, - Current target composition: 60 % neon, 40 % helium — cheaper helium can be added
V- o VR
C-E > ‘ . . . +« 0.20
- Hydrogen presence in tt_le mixture: good x — Neon
- 1 thermophysical properties = 015 | — Helium
T = Hydrogen
| wp =
MR - Problem: instability of composition 3 0107
o
el L
= % 005
=
2
Crude nelium mixture production flow ~ 000 —F——F——F—F—TF—F—TF—F—
diagram 30 60 90 120 150 180 210 240 270 300
Temperature, K
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Secondments & Trainings & Dissemination events

. Secondment - Linde Kryotechnik, Pfungen, Switzerland (29.04.-14.06.2019)

. Scientific cooperation with ESR 15 - University of Stuttgart, Germany (18.03.-05.04.19)

- Cryogenics conference 2019, Prague, Czech Republic (07.04.-11.04.19)
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THE LINDE GROUP

; : S e
5 - Nelium turbocompressor test rig Um“

15th CRYOGENICS 2019

[IR International Conference
April 7 - 11, 2019 / Prague, Czech Republic
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Next steps

.Case study for the cycle design matching with the turbo-compressor design

.Part-load operation and buffer optimisation for the new cycle baseline

‘ .Compander design

‘ Review of the cycle performance calculation

~Cool-down operation of the new cycle baseline

~/ Further study of the Natural Nelium concept

~/ Participation in experiments on the neon-helium turbo-compressor test rig (University
of Stuttgart)

~ Secondment 2
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Thank you for your attention!
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