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Abstract

Superconducting magnets must be kept at ultra-low temperaturesin order to maintain the
high currents used to create strong magnetic fields. These temperatures can be reached using
liquid helium. Mot of the current leads going to the magnet are not made of superconducting
materid and thus generate heat as the current flows through them. Our group designed hesat
sinksto place between the current leads and the baffles of the cryodtat to draw heat away from
them before it contributes to liquid helium evaporation. While these heat snks are thermally
conductive, they are aso eectricaly insulating in order to prevent undesired current flow. The
sinks have been made, dong with the device to measure their therma conductivity. Future work
will determine this property. This project dso consisted of developing acomputer program to
model the effects of these heat Snks when placed in a cryodtat as used by the group.

I ntroduction

Electron physics conducted at |ow temperatures often requires a device capable of
maintaining hdium in liquid sate at 4.2 K. In cryogenics, such adevice is known as adewar
(because it acts like a thermas, which was originally created by James Dewar). The dewar
contains a vacuum space and many layers of shidding. This prevents agreet deal of heat energy
from passing through the vessel toward the sensitive materidsingde. In the bottom of the dewar
regsthe liquid hdium. The superconducting magnet resides immersed in the hdium.

Use of acryostat alows the sample to be cooled sgnificantly lower than liquid helium
temperature. It aso securdy holds the sample within the high magnetic fied of the
superconducting magnet. The cryodat fitsingde the dewar. This design makesit possble for a
great dedl of hedt to enter the gpparatus by way of the magnet current leads that enter through the
top of the cryodtat, which is at room temperature (298 K). Baffles are placed throughout the
cryostat to both reflect heat back out through the top of the unit and to disperse it into helium gas
that is dready on itsway out of the dewar. Figure 1 shows the genera picture of this setup.
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The superconducting magnet can maintain a 16 Tedafield once enough current has been
passed through its wires and their temperature has fallen into the superconducting range. A
current of 60 A must be passed through these wires to reach the desired magnetic field, after
which the current may be turned off and the field maintains itslf by the superconducting current
flow through the wires. During the ramping stage when the current is being increased, the
current leads which go from the power supply to the superconducting wires of the magnet
generate agreat ded of heat. Some of this heat is removed from the system by helium gas that
has previoudy been boiled off. A more efficient method of removing heat from these leads may
conss of heat snking them to the baffles, which have a better thermd contact to the helium gas.

Computer Modding

The computer program is in the process of being rewritten. Revison is needed to better
account for the heat capacity of the helium gas as it makes its way out of the cryodat. It will
work by beginning with an estimated vaue for the heatleek into the sysem and using that vadue
to cdculate the temperature at a Specific pogtion within the cryodat. After determining the
temperature the program will caculate a new hegtlesk vaue for a dightly different pogtion.
This will continue until a baffle is reached, & which point the contribution of the heat flowing
out of the system through the baffle is taken into account.

These loops are performed in between the baffles, eventualy producing a temperature for
the top of the cryodtat. This temperature is known to be agpproximately 293 K (room
temperaiure). The program is written to adjust its initid estimate of the heetlesk to arive a a
reesonable find temperature.  During these loops the program is cdculating its vaues by
conddering outdde radiaion, thermd conductivity through cryostat materids, joule hesting
caused by the current leads, and unavoidable helium gas boil off.



Heat Sinks; Design and Production

Professor Gramila provided the general ideafor the heat snks. Figure 2 is a conceptud
diagram of the manner in which heat sinks (drawn as a square) can be used to draw heat away
from the current leads. The current lead shown is one that is carrying current down toward the
liquid helium that surrounds the superconducting magnet in the bottom of the dewar. The heat
flow ordinarily follows the same path as the current flow and causes liquid helium to boil away.
Someliquid hdium will boil away regardless of design. Using hest sinks to draw away some of
the heat produced by the current leads may cause much less helium to be lost.

Placing a heat Snk on one of the baffles will creste a second path for heet flow. The sink
is attached by soldering the bottom of its inner section to the baffle. Electrical connectionis
prevented by machining away a smal amount of the outer cylinder asto prevent it from
contacting the baffle. Figure 2 shows that some of the heat produced by the current lead will
travel through the heat Sink and baffle and then by taken out of the system by the dready
vaporized helium. Other cryodtat designs use the outbound helium gasto coal the current leads
directly. Problemswith this method include maintaining a proper gas flow and designing current
leads that dways remain in good therma contact with the gas.
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Previous work with this type of heat snk concept has been done by this group with sinks
consisting of two copper disks epoxied on top of each other. The epoxy spacing was
approximately 4 mils. Current work with this concept aims to improve the heat sinks by
changing their design, thus dlowing them to conduct more heat avay from the liquid hdlium in
the bottom of the dewar.



The new design calsfor two concentric copper cylinders to be epoxied together with a
gpace of 3 — 10 mils (1 mil = 0.001 inches) between them. Asshown in Figure 3, thisdesign
conggts of an outer cylinder of gpproximately 1 inch in diameter. The therma conductivity of
the heat sink is proportiond to its height, which we set a 1 inch to make production more
efficient.

Congtruction of this design proved to be chdlenging. It isdifficult to epoxy the two
copper cylinders together without bringing them into contact. This problem is solved by joining
copper piecesthat are larger than needed and then cutting them down to the desired sze. As
illustrated in Figure 3, the copper cylinders can be fitted together in such away asto leave a
amall gap between them. The size of this ggp is determined by the dimensions of the two pieces.
For ease of production it is possible to make one piece standard and only vary the dimensions of
the other piece.
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The Find Setup shows holesin the outer cylinder. These are drilled after machining, and
alow for epoxy to beinjected into the gap. A needleis soldered into one of the holes, and epoxy
isinjected until it begins to come out of the other hole. The syringe can produce sufficient
pressure to force the epoxy uniformly between the cylinders. This process is made easier by
hesting the copper cylinders and epoxy to just below 100°C. At this temperature the epoxy is
less viscous and therefore easier to inject. Theinjection can then ensure that epoxy has spread
throughout the gap. After the epoxy sets, the heat sinks are completed by cutting the ends off of
the entire unit. By making the cylinder lengths on the order of six inches, one can get five
separate Snks through cuts a every inch after removing the ends. A lathe must be used to findy



face the ends of the heat sinks and prevent the development of shorts that occur when asmall

fragment of one cylinder crosses over the epoxy to eectricaly contact the other cylinder.

Heat Sinlkes: Production Pieces Figure 4
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Heat Sinks: Testing

The thermd conductivity of the heat Snks must be determined. This temperature
dependent vaue is used in the computer modd to account for the contribution the snks makein
removing heet from the cryodtat. While the hdium gas is the primary outlet for current leed
heet, snkswith alarge therma conductivity can direct heat flow acrossthe baffles. This heat
can then be more efficiently removed because the baffles have a large surface areathat places
them in good thermd contact with the helium gas.

The therma conductivity between two points is related to the heat flowing through those
points and the temperature difference between those points by the following relation.

Q=Kk(T) - AT, &)

where Q is the heat flow in Js, Kk(T) is the therma conductivity with respect to the temperature
T, and DT is the temperature difference between the two points. Equation 1 is easly solved for
k(T), which makes it rdaivdy smple to find k(T) experimentally when one knows the other
two variables. Such isthe basisfor my experiment.

The heat snk is attached to a solid piece of copper. Platinum resistance thermometers are
placed on both the sink and the solid piece (base). These resstors alow for the temperature of



each piece to be known at dl times. Heaters are placed on each piece. With the heaters we can
regulate the temperature of the setup and apply a known heat load. The base is heated using two
resstors in a pardld circuit. By running a current through the circuit the ressiors act as heaters
by the process of Joule heating. The sink heater conssts of resstive brass wire wound around its
outer shell. This wire heats up as a current is run through it, producing an amount of hest that
can be determined by the I°R relaionship.

The heet flow in the system is determined by finding the heat produced on the snk during
a certain time. Heaters on the base are used to keep the temperature of that piece constant. A
congant temperature on the base dlows for the snk temperature to be made dightly higher,
which in turn causes the heat to flow from the snk to the base. At this point we are able to
determine the temperature difference between the two pieces from the resstance readings and
the heat flow through the system from the heet output of the Sink resistance wire.

These heat dnks will be used at liquid nitrogen temperatures (77K) and below. Thermd
conductivity is temperature dependent and must therefore be measured at these temperatures.
This is accomplished udng a cryo-dick and the Thermd Conductivity Measuring Device
(TCMD). The cryo-gick is an indrument used to make eectronic measurements a low
temperatures.  This low temperature environment is usudly a storage dewar full of ether liquid
nitrogen or hdium. The ayo-gick is a long probe with space on one end to attach the sample
and connectors on the other end to alow for instrumentation. Such a unit is needed because the
largest neck diameters of storage dewars are typicaly on the order of 1 ? inches.

The TCMD condsts of two pieces made of oxygenfree high conductivity copper. The
base provides a surface for the heat snk to thermaly contact, creating an end point for the
theema conductivity measurement. The other piece is a shidd screwed tightly to the base
enclosing the heat snk and wires within. By placing heaters on the outer surface of the heat sink
and on the base we are able to perform the thermd conductivity measurement. The vaue we
determine is the conductivity between the outsde of the heat snk through to the bottom of its
center cylinder. Thisisthe path for the heet that will be drawn away by the heat sinks.

Data

We were able to collect data concerning the therma conductivity of a heat snk with a 10
mil gap. This snk has been tested a 100K and the resulting plot of heat flow versus temperature
changeis shown in Grgph 1.

Andyss

From Equation 1 we know that the therma conductivity of the heat ank in Grgph 1 is the
dope of theline. Thisdopeisfound to be 0.716 W/K.

Concluson
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By the completion of this summer research program the heat sinks have been designed,
with one having been tested and three more needing minor mechining. The Themd
Conductivity Measuring Device was designed and then built by the physcs shop. This device
had to be dightly modified to accommodate for the incduson of the platinum ressance
thermometer. The wiring has been secured to the base of the TCMD to dlow for multiple heet
gnks to be tested usng the same base and shidd. New sinks need only be soldered to the
secured wiring to be ready for teding. Future work will condst of actudly testing many
different heat anks. The firs to be tested will be a 10 mil ggp snk, followed by tests with 5 mil
gaps.

Further testing will be done until there is enough data to determine the thermd
conductivity of the heat dnks with respect to the range of temperature experienced in the
cryodat. The data set included in this paper seems to indicate that a heat snk with a 10 mil gap
will not be thermaly conductive enough to implement in a cryostat. Our god is to develop hesat
snkswith therma conductivities of at least 2 W/K throughout the given temperature range.

The computer program continues to be revised. Future work includes debugging and

including parameters to dlow users the option of running with current on or off, and with or
without hegt sinks.
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