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ABSTRACT 

The production of 1.8°K li~uid uSlng 4.2oK li~uid from the standard helium 
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1 . I NTRODUCTION 

Low temperature environment 1n the r egi on of 1 . SoK in laboratory cryostats 

1S usually achieved by the evaporative refri geration of liquid helium . Rotary 

vacuum-type pumps are used to pump off the vapour until the required vapour 

pressure and associate temperature is leached. In a typical cryostat about 50% 

of the initial liquid fill would be lost in evaporation during this process of 
. 4 0 0cool1ng from . 2 K to 1.S K and thus at best only 50% is available for experiment 

a 
at 1 . S K. For longer experimental periods the low temperature liquid can be 

replenished by feeding 4 . 2oK liquid through a trans fer pipe and control valve 

direct into the low pressure cryostat where it expands isenthalpically to pro

duce a mixture of vapour and liquid at the lower temperature . During this 

second process about 50% of this feed liquid is lost in producing additional 

expansion vapour and to maintain a comparable re fri geration load , the vapour 

pumping capacity would need to be doubled. The filling scheme proposed will give 

a considerable increase in potential 1 . SoK li quid production and also a pro

portional decrease in expansion vapour , from a 4 . 2
o

K liquid helium dewar supply . 

Further this scheme can be operated with a supply dewar changeover method to 

give a continuous refrigeration facility . Calculation shows that an increase of 

greater than 45% in liquid production at 1 . SoK is feasible . 

4.2oK liquid from a supply dewar is. fed through a transfer pipe into a heat 

exchanger in the cryostat, where it is sub-cooled using the sensible heat of 

the low temperature vapour. This sub-cooled liquid is then expanded through 

a variable Joule-Thompson control valve and the resultant liquid vapour spray 1S 

fin ally directed through a liquid separ ator unit . 

2 . THEORETICAL CONSIDERATION 

From helium data it can be s een that vThen 4 . 2
o

K liquid helium at 1 atmos

phere is expanded isenthalpically to 12 . 5 Torr it converts to 41% vapour and 

59% liquid a t 1.SoK. If however this 4 . 2
o

K liquid is first sub-cooled to say 

2 . 40 K a nd then expanded to 12 . 5 Torr it converts to 13% vapour and 87% liquid 

at 	1 . 8°K . Thus we have a 47% increase 1n 1 . SoK liquid production by s ub-cooling 
This is shownto 2.4°K along with only 33% of the volume of unwanted vapour . 

on Temperature - Entropy di agram, Fig .l . 

The value of sub-cooling before expansion 1S summed up by the graph Fig.3 , 

the potential increase 1n cooled liquid production i s plotted against the
where 


sub-cooled temperature . 


'lable he l ium data shows that a tubular heat
the ava1Calculation using 
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exchanger design is feasible . Fig . 2a and 2b sho~..T this data , i. e . temperature 
o 0 

-enthalpy for liQuid Helium at atmospheric pressure 4 . 2 K to 2 K and also for 
•vapour at 12 . 5 Torr 1.8°K to 4oK. It is noted that the specific heat of the 

vapour lS greater than the liQuid in the region concerned thus sub-cool temper

atures lower than the arithmetric mean are possible in the heat exchanger 

design. The effect of the heat exchanger size on the attainable sub-cool tem

perature is shown on Fig 4 (a) (as calculated for a typical tubular coil design 

heat exchanger) . Fi g.4 (b) is derived from Figs . 4 (a) and Fig . 3 . It gives 

a measure o f the potential increase in refrigeration efficiency (i . e . lncrease 

cool ed l i Qui d product ion) achievable by varying the size of the sub-cooling 

heat exchanger . 

3 . LOW TEMPERATURE LIQUID TRAP 

The liqu i d produced from the Joule-Thomps('H valve f Cl:;:ms a very fine par

ticulat e spray and must be trapped before it "floats off" to warmer parts of the 

c ryostat to be evaporated and lost . The liQuid-vapour spray lS directed 

through a filter of fine glass fibres where it will coagulate to form droplets 

and so fall into the helium liQuid well . 

4. CONTINTOUS REFRIGERATION 

(a) Operational problems 

When the cryostat cool-down load is large or when extended experimental 

t ime is needed, the us e of more than one supply dewar is inevitable. A straight 

dewar changeover has oper ational difficulties , it incurs large refrigeration 

losses and i nterrupts the experiment . During the dewar changeover the 

exposure of t he cooled transfer ports to the ambient alr creates conditions for 

cryo-pumping and frozen moisture and alr can readily build up to choke the 

cold inlet pipes and control valves. '\fuen the replacement dewar is assembled, 

furt her time is needed to re-establish the refr igerati on temperature condition 

fo r the experiment to continue . 

(b) P r oposed Scheme 

The f ollowi ng scheme is proposed to solve operational difficulties and to 

produce 1.8°K refrigerati on without interrupt lO on d . 1url ng a supp y dewar change
ov r pe riod , i .e. continuous refrigeration . 

A 'slave' supply dewar is permanently c t d t honnec e 0 t e cryostat via a 
liQui d t rans f er p ipe . A second transfer 

port and suitable level censors fitted 
in the slave de \Olar allows it to be filled 

and ' topped up ' at any time from a 
normal s upply dewar. The capacity and filling times of the slave dewar arechos en so that it does not 

run dry - especially during the changeover of 
an empty 
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supply dewar. In this way a constant supply of 4.2
o

K liquid lS glven to the 

cryostat. The variable liquid level and the slight pressure changes in the 

slave dewar during the supply dewar changeover period causes only a slight 

variation in the flowrate of the cryostat control valve. An attractive alter

native to the slave dewar lS to have an equivalent 4.2
o

K liquid container built 

in to the cryostat. Fig. 5 shows a typical assembly.Transfer pipe losses are 

saved and the same benefits and system still apply. 

The provision of a bleed of helium gas into the exposed cold transfer 

ports, to prevent the ingress of ambient air and moisture, will virtually remove 

the cryo-pumping hazard. This transfer port connection is also used to purge 

the transfer plpe and exhaust the surplus helium gas that is created each time 

the transfer plpe is re-cooled in order to re-establish the 4.2
o

K liquid flow. 

REFERENCES: 	 Helium 4 data: N.B.S. Report 9762 - Aug.1970. 

ACKNOWLEDGEMENTS : 	 The Author is very grateful for the help and encouragement 

given by D A Gray, A R Mortimer and A T Gresham. 
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