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Low Temperature Physics: Calculations of Heat Leaks

The purpose of this exercise is to give you a feeling of the magnitudes of the heat leaks of a
cryostat and to estimate which parameters that are the most important ones to consider in the
design of low temperature apparatus. Hence, we will estimate the main contributions of the heat
transport into the (simplified) cryostat which is specified below.

Inner part: polished Cu surface 500 cm?
€=001  yolume 800 cm?

Quter part: tarnished brass
E = Olo
Support: stainless steel tube with
diameter @#=2.0 cm
thickness t=0.3 mm
length (77 10 4.2 K) 1=6.0 cm

Pressure (He gas) in vacuum space:
p:l()‘5 mmHg

Electrical leads: 8§ Cu wires, ¥=0.1 mm
4 constantan, @¥=0.2 mm

Total length of cryostat, about 50 cm

Rough scale of figure: 1:10

What are the different contributions to the heat transport into the inner part? You should find at
least 6 ones. Estimate these heat leaks with the aid of the specifications above and the tables that
are enclosed.

Investigate if the Joule heating in connecting leads and a Ge thermometer attached to the inner
space will give any problems. (Try different values of the measuring current.) The

thermometer has a resistance of about 1 k€ in the temperature range in question.

In order to get a feeling of the effectiveness of the liquid nitrogen cooled shield, you should
make the same calculations for an outer space temperature of 295 K, inner one 4.2 K.

Would the heat leaks change drastically if the outer container were at 4.2 K and the mner one at

1.2 K? (This would correspond to the case of a pumped 4He bath surrounded by an unpumped
one.) Any other issues to be considered in this case?

Starting from the calculated values (which can be presented in the form of a table to get an
overview) we will discuss possible improvements of the cryostat construction (the elements of
which are rather antiquated, but is treated for pedagogic reasons).
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The experimental figures suggest that for a metal surface in the

TaBLe XII
Accommodation coefficient for helium gas
Aetal
Platinum 0-49 (90°* K, 133* K); 0-38 (34°-264° ()

Bright platinum
Blackened platinum

Cloan fresh tungsten
Gas-filled tungsten
Ges-freo nickel

Nickel (gas layer adsorbed)
Glass

044 (50°-130° C)
091 {50°~150° C)
0-025 (79° K); 0-046 (195° K); 0-057 (22°

. 0-19 to 0-82
0-048 (90° K); 0-060 (195° K); 0071 (273° K)
G-413 (90° K); 0-423 (195° K); 0-360 {273* K)
67 (12* K); 0-38 (37" K); 0-34 (273° K)

usual condition encountered in g cryostat, gxposed to helium
ges at low pressure, a value

< 05

should provide a useful upper limit for calculating heat transfer.

TasLe XIII
- Mean values of thermal conductivity expressed in W/cm degK

A A A A A A A
Fy=e300°K Ty 300°K T,=300"K T, =77"K T, = K Ty=200K T.=+K
=TT K T =20K T =4K T,=20KT, =+ KT,=4K T,=:HK
lass 0-0082 0-0071 00068 | 00028 , 00025 | 00012 0-0007
Btainless rteelt 0123 ¢-109 0-103 | 0-055 \0'0{5 | 0009, 0-0022
Yncono, {ca. ;2 Ni, 14-17 Cr, 6-10 Fe, i P
0-1 C) hard-drown 0125 ¢111 0-108 '0-061 0-051 0-012 0-003
Blonel (c. 66 X1, 2 Fe, 23in, 30 Cu}
sanoanled 0207 0-192 0-183 ¢-133 0-113 0-040 0-007
Gorman silver (47 Cu, 41Zn, 9XNi, :
2 PL) o4 recoived 020 o-19 018 c-14 012 ¢-039 0-003
Jonstantun (GO Cu, 40 Ni) wire es re- . e
ecived 622 0-21 G20 0-16 40140 0-04, 0-00%
Bro-ws (30 Zn, 70 Cu) as received 081 ¢-70 0-67 0-31 0-26 0-078 0-015
Coppor (phosphorus deoxidized) as
nwivm[l 1-91 1-71 1-63 0¢-95 t 0-80 0-25 6¢-07
Copper (clectrolytic tough piteh) &z —
—aed &1 &4 51 &7 Ces ) ' 10 4

{ These figures for stainless steel are calculated from thermal conductivity data which are reurcsentative of the behoviour «

types 303, 304, 347, and therefors an appropriats composition could be 187 Cr, 094 Ni, traces of Mn, Nb, 3i, Ti totaling -3¢

with remaindor Fe.

TaBLE XV
Ezxperimental values of emissivity
Fulk, Blactman,
Reyroids, and Mcddarue Ramanathan Ezerton. and Ziegler and
Park (1933), (luodd, (1252 Treter (1943}, Cheunua (1237%
300° K room liwm 243 K 200 A
vadiction on tempera~  ruadiation on rrd.adion on ra . tivit 08
Afaterial T5* K surfice ture 24 S surfucs 90" K surjucs 7% K suruex

A, clean polished foil Q02 008 0-011¢ 0-053 0432
Al, pate [1BR 1 — — — —_—
Al, highly oxidized —— 031 — e —
Braw, clean (ol-ned 0-029 Q-03 0-018¢ 0046 6103
RBrasa, high Lzed e g8 e — —
Cu, clean priisned  0-015~0-018 0-02 0-0062-0-0157 001~ -0-035 —
Cu, hizhly oxidized e o8 e — —
Cr, plate 003 0-03 e 0-065 00343
Ag, foid 6-010-0 023 0-02-003 — o028 —
Au, plate 0028 — e e . —
3tonel — o-e e — o113
Ni, polished e 0045 o - —
F.h, plate 0-078 — — —_— —
Ag. plate 0008 &02-0 03 — 0-023-0-0368 —
Statnless steel 0-043 0074 —— — —
Sao, clean foul 0013 0o 0-013¢ 0-033 -
&oft solcer 0-03 — — —_ 00473
Glass | — 09 — 0-87 -
Weood's metal -— e — — 16

4 ‘These surfsces were electro-poi=ned (Uamanathani.

¢ These surfuges wese Teliol LISy 1! 3 nor heavily oxtdized, but as encnuatered 2
normal praciiiz ol L Ll vocenved U3 Al Ve 0 G ©F ATIEION Jftiee w08
fow emrisaivity 31l Ciresd 1Y ity 16 0 2 or 9 0, Ue adsr fugaa 1hat vaitie.my e
CEC adhesive NO. Tudl ana Yaecule 100 o COTE &0 €SUVIEY € DX 00300 S4Ladliy, S
wpe (delloture) B13 30 eriaanyily G aluul v za. :

e




Latent heat of vaporization and boiling-point at standard
atmospheric pressure of some common gases

Gas Cco,t | Oy A Ny | Ne H, | ‘He
Latent heat (cal/gm). | 137 | 51:0 | 37-9 | 478 | 20-8 | 106-8 | 52
Latent heat (calyem3). | 223 z8-1 ] 535 (38T} 25 7-56 | 0-65
Boiling-point (*K) . |, 1046 | 50-1 | 874 | 773 | 272 20-4 4-2

|

3
o

3000

2000

1000

LATE'NT HEAT (Joules Litre

o ) 2 3 4 5
TEMPERATURE (°K)

THERMAL CONDUCTIVITY (W cri? deg'x 10}
- ] N
G [0} 0
O [o] Cl)

8

v
O

(e]

1
100 200 3CO _ 400
TEMPERATURE (°K)

TrerMaL CoNDUCTIVITIES OF GASES AT ATMOSPHERIC PRESSURE



Summary of heat leaks into a cryostat

February 28, 2007

Radiation

For two plane parallel surfaces with emissivities €1 and €9,
Q = UAEeff (T14 — T24)
where
c . E1€2
eff = €1+ &g —¢€182

Heat conduction through gas

For low pressures such that the mean free path is larger then the separation, the molecules
will go from one side to the the other without colliding with each other. The conduction
through the gas will proportional to the pressure (i.e. the number of molcules).
) W
Q = const - ag - P (Th — T3) [2]
cm
where const = 0.028 for He, P, is the pressure in units of mmHg and
ai1az
ar + (A1/A2)(1 — a1)az
a1 and ag are the accommodation coefficients for the two surfaces and A; and Ay are the
corresponding areas.

ag =

Heat conduction through support and leads

The heat conduction can be calulated by using Fourier’s law, Q = —AVT. We consider a
volume with cross-sectional area A and temperature dependence only in the z-direction.
) Al A
. T _
=—ANT)—=—= | \NT)dt ==X(T1 — T
Q= -MNDG, =7 [Tyt = AT - 1)
T1
A is the mean value of the thermal conductivity between the two temperatures
T
U / NT)dt
T
T

and is tabulated for different materials and temperatures.



Experiment

Joule heating

Q = RI?

Summary
Type 77 to 4.2K | 295 to 4.2K | 4.2 to 1.2K
1. Radiation from warm to cold vessel 2 430 0.000018
2. Radiation in pumping tube 0.075% - 130° | 0.075 - 130 | 0.075 - 130
3. Conduction through pumping (SS) tube 100 190¢ 0.2
4. Conduction through leads 38 314 0.63
5. Conduction through vaccum space 3.4 13.5 0.14
6. Conduction through gas in pump tube 9.5 23¢ 0
7. Joule heating in thermometer 1/ 1 1
Total heat [mW] 154 - 284 689 - 819 2-130
He boil off [1/h] 0.21 - 0.38 0.92 -1.09 -

“Blackened tube
*Total reflection
‘l =30 cm
I = 36 cm
‘l =30 cm
T=1mA

Table 1: Contributions of heat leaks in units of mW.
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