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ABSTRACT 

The large number of superconducting dipoles in the 
SSC results in a stringent heat leak budget for each 
dipole. Ensuring that the dipoles meet this budget is 
vital to the successful operation of the collider. This 
work surveys heat leak measurements taken during 
4 different magnet string tests. These tests involved 
both 40 mm and 50 mrn aperture dipoles. In these 
experiments the heat leak to the 80 K shield , 20 K 
shield and cold mass are measured. The results are 
compared to predictions from a computational 
thermal model of the dipole cryostat. Discrepancies 
are seen between the predicted and measured values. 
Possible explanations for these discrepancies are 
given. 

OVERVIEW 

The two collider rings of the SSC will contain 
approximately 8000 superconducting dipoles. In order 
to minimize the size of the required cryogenic plants the 
heat leak per dipole must be kept very low. Thus, a 
great deal of effort has been put into designing the 
cryostats for these magnets. The resulting design 
intercepts heat at three different levels: the 80 K shield, 
the 20 K shield and the - 4 K cold mass where the 
superconducting coils are located. Further details on the 
cryostat design may be found in 113. Table I shows the 
budgeted static ( as opposed to beam related ) heat leak 
for each of the temperature levels in both the 40 and 50 
mm aperture dipoles. 

Table I 
Collider Dipole Static Heat Leak Budgets 

(all values in Watts ) 

4omm 5omm 
80 K 27 37 
20 K 3.3 5.055 

ColdMass 0.28 0.363 

The full length 40 mm aperture dipoles were 
measured at the ER string test conducted at Fermilab 
and the 50 mm aperture dipole tests were conducted as 
part of the Accelerator System String Test ( ASST ) 
performed at the SSC Laboratory. Table TI summarizes 
the parameters of these experiments. 

By 1990 the decision had been made to go to 50 mm 
aperture dipoles. Nevertheless, heat leak measurements 
were made of the 40 mm aperture dipoles because it 
allowed the measurement technique to be tested before 
the 50 mm dipoles were available and because the 50 
mm aperture dipole cryostat is an evolution of the 40 
mm dipole cryostat. 

Table II 
List of Heat Leak Experiments Performed 

Name 

ER Run#l 

ER Run #2 

Type of 
Experiment 

2 Dipole string 
4omm 

5 Dipole string 
4omm 

Measurements 
Performed 

80K, 20 K 

80K,20K, 
cold mass 

80 K, cold mass 

80K,20K, 
cold mass 

EXPERIMENTAL METHOD 

In all cases the heat leak into a dipole was determined 
by measuring the temperature rise of the cryogen ( 
helium or nitrogen ) as it passes through the cold mass , 
20 K shield cooling line or 80 K shield cooling line. 
Knowing this and the pressure of the fluid we can 
determine the rise in enthalpy of the fluid. Thus the heat 
leak into a dipole at a given temperature intercept is : 

Since 1990 a series of experiments have been conducted Where m is the measured mass flow rate of the cryogen. 
to measure the heat leak to each of these temperature Carbon glass resistors with an accuracy of 2.5 mK 
levels in prototype full length 40 mm and 50 aperture were used at the inlet of each dipole's cold mass ( in the 
dipoles. These experiments were all conducted as part ER tests these sensors were also placed at the outlet of 
of magnet string tests to minimize the impact of heat each dipole's cold mass ). Germanium resistors with an 
leaking into the dipoles from the ends. accuracy of 15 mK were installed at the inlet and outlet 

of each dipole's 20 K shield cooling line. The 80 K 
shield cooling line contains platinum resistors with an 
accuracy of 0.5 K at the inlet and outlet of each dipole. 



AU thermometers were directly immersed in the fluid maurements and other system emn are measured by 
flow. In the cold mass, 20 K and 80 K circuits of each placing a known amount of heat into the cryogen f b w  
dipole are resistive heaters with which a known amount via a resistance heater and comparing this known 
of heat may be Placed into the dipole as a test of the amount with the heat increase as measured by the 
heat leak measuring technique. Warm pressure thermometry. For the data shown here these 
transducers are Placed in each of the CVXenic Pipes at uncertainties ranged between 10 and 20 percent 
the feed and end S P l S  to determine the Pressures of 
the flows. A Venturi meter measures the cold mass data are shown in parenthesis ) it is E n  that with the 
flow while room temperature volumetric gas meters exception of DCA 27. all the 80 K shield heat leaks are 
measure the 20 K and 80 K flow rates. Figure 1 shows greater than the budgeted value. Further, all the 20 K 
the inshumentation schematic of the ASST tests. shield heat leaks are far greater than the budgeted value, 

The heat leak measurements were made after in one case by as much as a factor of 3. 

measurements took place after saing power tests were not indicate any problems with the isolation vacuum 
completed, typically after the string had been at helium that could explain these higher than expected heat leaks. 
temperatures for more than 4 weeks. In the It is believed that the higher heat leaks are a result of 
measurements to date, the cold mass flow rate is kept at thermal conduction between the 300 K wall and the 80 - 50 g /s , the 20 K rate at -1 to 2 g / s and the 80 K rate K shield, and the 80 K shield and the 20 K shield. 
at between 3 to 15 g/s. Due to these low flow rates the possible paths for this conduction include MLI 
80 K cooling flow tended to have a significant blankets that were tightly pressed between the 300 K 
temperature rise aCrosS the S h g S .  Thus, when we made wall and the 80 K shield and between the 80 K shield 
measurements of the 20 K shield heat leak the 80 K and the 20 K shield as well as expansion joints on the 
c h &  W a s  filled with 2 Phase N2 to ensure that the 80 shields that may act to short the shields and the 300 K 
K shield was uniformly at - 80 K. wall together. 

with measurements taken during an early test of a 
thermal model of the 40 mm cryostat 12 3. In this test 

Table 111 summarizes the 20 K and 80 K shieldthe additional heat leak was also attributed to 
measurements taken with the 40 mm full length dipoles conduction heat leak between the 20 K and 80 K 
at Fermilab. . shields. 

Table III In the 5 dipole experiment direct measurements were 
Sunimary of 40 mm Results made of the shield temperatures using Cryogenic Linear 

Temperature Sensors bonded to the shields in several 
DCA DCA DCA DCA places. This measurement showed that the shield 
17 126 19 27 201 temperatures were within 3 K of the shield cooling 

Examining the data in Table 111 ( the 2 dipole test 

the strings were in thermal equilibrium. The pressure measurements made during these tests did 

The results seen for the 20 K shield are consistent 
40 mm RESULTS 

80 K 18 36.2 22.5 27.5 flow temperature. 

20 K 
+/ -15% (32 )  During the 5 dipole ER experiment, a measurement 

was made of the cold mass heat leak by measuring the 
temperature rise across the entire 5 dipoles. Calculating + / - 1 %  (10.1) 
the heat leak associated with this rise and dividing by 5 

The first ER test consisted of only 2 dipoles ( # 17 & the average Cold ~ M S S  heat leak is found to be 300 mW 
26 ). TO reduce the impact of heat le&ng from the end + / - 70 %. The uncertainty here being due mainly to the 
of the string into the dipoles, the shield flow difficulty of maintaining a Steady flow through the cold 

dipoles so that by measuring the temperature rise from despite the problems with the shield heat leaks, the 40 

heat leak to an effective dipole plus an interconnect is budget value Of 
determined. This result is indicated as DCA 17 / 26 in 

50 mm RESULTS Table III. The other dipoles in the 5 dipole string had 
thermometry in the inlet and outlet of each magnet. ne percent uncertainties list& with the 80 K and 20 The 50 mm dipole cryostats are very Similar h design 
K results are On a ratio of the temperature rises to the 40 mm cryostats. However, two significant 
observed in each case with twice the absolute accuracy changes to the thermal insulation System Were made. 
of the thermometers involved. Uncertainties in flow rate 

3.7 9.1 5.6 6.7 

temperature SenSon are placed in the middle of the InaSS of the suing- This IneaSurement suggests that 

the middle of one dipole U) the middle of the next, the mm cold mass heat leak ~~~~ very close to meeting its 
mW- 

The shield expansion join% which were thought to be 

. 



causing thermal shorts, were removed and greater care 
was taken in installing the MLI blankets in order to shown in Table V. 
prevent them from causing thermal shorts. The results 
of the 50 mm tests are shown in Table IV. In both 
ASST experiments the order of the dipoles in the string 
is 313,314,319,315, and 316. 

temperature level is calculated. These results are 

Table V 
Average Heat Leaks for 50 mm Dipoles 

( All Values in Watts ) 

Table IV 
50 mm Results 

( All Values in Watts ) 
D313 MI4 M g  D315 D316 

Run 1 Run 2 Budget 

Cold Mass + !z3 9b 1.4 
+ I - 2 8 %  0.36 

20 K N I A  +:!;% 5.06 

8 0 K  + I - 1 4 %  + I - 1 6 %  
28 24.5 37 

Cold M m  
RUN I 9.47 2.40 0.42 1.66 4.07 
RUN2 9.00 140 - 1.46 2-15 

ZOK RUN2 9.58 4.83 - 5.18 3.8 

BOK RUN 1 26.5 29.0 26.4 16.0 . 20.3 
-RUN2 .QA g.9 22.7 I25 19.0 

In the case of the 50 mm magnets the 20 K shield 
Comparing the results in Table N with those from the heat leak is very close to meeting the budget. This is a 
40 mm tests several significant differences stand out. In great improvement over the 40 mm cryostats where the 
the Case Of the cold mass measurements the heat leak is 20 K h a t  leak was as much as three times over budget. 
far above the budgeted value unlike the 40 mm case. The improvement is most likely a result of the removal 

Notice also the largest cold mass heat leaks are seen of the shield expansion joints and better installation of 
on the end magnets and that they get smaller as you the MLI blankets. These changes reduce the likelihood 
move toward the middle of the string. This structure of thermal shorts bemeen the 20 K and 80 K shields. 
suggests that end effects may be present. End effects Note also that the 80 K shield results are consistently 
result from heat entering the string from the end withinbudget. 
mvefing down the string and entering the cold mass The uncertainties shown here reflect the absolute 
space at some point in from the ends. One possible accuracy of the thermometry used. Tests made by 
mechanism by which this may happen is that there may placing a known heat load into the system and looking 
be regions of the end spools that are warmer than at the resulting temperature rise shown an uncertainty 
designed and these warm surfaces radiate heat down the due to flow measurements and other system problems of 
vacuum space of the dipole cryostats. This heat is less than 20 %. 
eventually deposited in the cold mass. A numerical model of the thermal performance of the 

Another clue that end effects may be present is the ASST string has been developed 131. This model is 
change in rnwured heat leak in DCA 316 between based on the cryostats being built exactly as designed. 
Run 1 and Run 2. Note that the observed cold mass heat Using data from the second ASST ~n as input to the 
h k  changes from 4.07 to 2.15 W. NO changes were model, comparisons can be made between predicted and 
made to the dipole between runs but, a major heat leak measwed values of the heat I&. The predicted 80 K 
into the cold mass of the end spool which is close to heat leaks are in good agreement with the measured 
DCA 316. was fmed. Thus, there is a strong correlation values. The predicted 20 K results are lower than those 
between the heat leak into the cold mass of the end measured. Thus, there may still be more thermal 
spool and DCA 316. contact between the 20 K and 80 K shields then is 

It is not fully understood why end effects are present allowed for in the ideal design. As expected, the 
in these measurements and not in the 40 mm tests. The thermal model predicts much lower values for the cold 
design of the end spools used in the 50 mm massheatleak. 
experiments is significantly different from the end cans The obvious problem with the measurement 
used in the 40 mm experiments. It's highly possible that technique used in these experiments is that it only 
the spools have larger heat leaks than the end cans and provides a goss measurement of the cryostat heat leak. 
contribute more to end effects. It does not tell us much about the cause of the additional 

uncertainty in the measurements; the temperature rise An attempt to remedy this problem is included in Run 
across the middle three magnets is measured and an 3 of the ASST which is currently in operation. This 
average per dipole plus interconnect for each string, composed of 10 dipoles and 2 quadrupoles, 

contains a highly instrumented dipole with thermal 
sensors on the 

In an attempt to reduce the end effects and thq,atle&. 



shields, the support posts and the MLI blankets. It is the cryogenic operations staff working under G. 
expected that this will ascertain the causes of the cold Mulholland, H. Carter and J. Urbin, and the controls 
mass heat leak or at least eliminate some of the likely group led by C. Dickey, D. Wallis, J. Zatopek and D. 
candidates. Haenni. 

CONCLUSIONS REFERENCES 

Dipole heat leak measurements have been underway 
as part of string testing since 1990. The techniques used 
have been shown to provide reliable measurements of 
the cryostat heat leak. Results of testing with full 
length 50 mm aperture dipoles show chat the 80 K 
shield and 20 K shield meet their heat leak budget ( 
although the 20 K shield's heat leak is higher than 
predicted by computer models ). The cold mass heat 
leak observed is significantly higher than the budgeted 
amount. It is not clear at this time whether this is due to 
problems in the magnet cryostat itself or is an artifact of 
heat leaking from the end spools. Either way, changes in 
the dipole cryostat or the spool pieces will be necessary 
to fix the problem. As small adjustments in cryostat 
design tend to have large impacts in heat leak, it is not 
anticipated that radical design changes will be necessary 
in order for the dipoles to meet their design heat leak 
budget 
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Fig.1. ASST Reduced Instnunentation Schematic. 


