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Background and project motivation

« Helium liquefier - from Linde group

« Liquid He - crucial for research
infrastructure

e Simulations of thermodynamics -
better understanding of liquefaction
process

Linde liquid He production and recovery system - linde-engineering.com



Some thermodynamic concepts

« Enthalpy
H=U + pV, U=U(T) for ideal gas

* Joule-Thomson (JT) valve

 [rreversible, isenthalpic process: AH =0

e Inversion temperature
« Enthalpy in heat exchanger
|4 H; = H, —dH

H, — Hy + dH




Liquefaction cycles - Linde

« Most fundamental cycle, 1895
« 1st law of thermodynamics in

control volume (dashed):
mhy = 'rhfhf -+ (m = Thf)h5

< mhy = ?’;’thf -+ (m = ?’;’Lf)h4

my

Yield: Y = o

Local yield: ¥i

hy—hs
hy—hs

my

ms3

ha—hy

~ hy—hy

CMP —




Liquefaction cycles - Claude

 Improvement, 1902 -
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Liquefaction cycles - Collins

e Collins 1946

e Similar to Claude, but two more heat

exchangers and one more turboexpander

« Analogously: 15t law around control

volume gives
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The FREIA System
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The FREIA Liquefier Schematic 5
with Coldbox S X g
Simplified cycle of the FREIA cryosystem )

(vs Collins in the bottom right) I —



Cycle components: counterflow heat exchanger

« System of linear equations

N rz =0 T1 T4
T, =T —n(Th — 13) n= ey Y
L =t e M = ) e Vdz |
- Enthalpy transfer C.
AH = Cy(T5 —T1) %
Cp = o= (C. £ G)

1 1, 1 Y \

Ca C, " op (G=N z=1L T, Ty
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Cycle components - MatLab implementation

 JT valve: °
JT valve TY
6
« Phase separator:
6| |7

;T —

« Turboexpander:

Th

- W,

7, | TXP

$JT-valve - isenthalpic process

T5= py.CoolProp.CoolProp.PropsSI('T','P',Phigh*le5, "H',H5/Q5, "Helium'") ;
H&é = Hb;

Q6 = Qb;

Te= py.CoolProp.CoolProp.PropsSI('T', 'P',Plow*leb, "H' ,H6/Q6, "Helium') ;

if T6 < 5.1953 %critical point of He

% enters liquid phase

hlig= py.CoolProp.CoolProp.PropsSI('H','T',T6,'Q"',0, '"Helium'); %specific heat capacity
hgas= py.CoolProp.CoolProp.PropssSI('H','T',Te, 'Q",1, "Helium') ;
yv1l=(hgas-H5/Q5) / (hgas-hliqgq); yl=min(l,max(0,v1l)); % local without HE

Hgas = H6 - yl*Q6%hliq; |

H7= Hgas;

Htl = x*HZ;

Ttl = T2;

TtZ = 0.5*T2;

Pt2 = Phigh/5.64;

htZz = py.CoolProp.CoolProp.PropsSI('H','P',Pt2*1le5,'T',Tt2, '"Helium');
Ht2 = x*Q1l*ht2;

W = Htl - Ht2;
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Simulations so far - Claude

e [terative tester with MatLab

function - convergence 200
100 £
« Enthalpy and mass flow _ sof
conservation = 25f
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Next steps
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