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ABSTRACT

Thisnotes preparedto review the statusof heatleakcalculationsbasedon measurementsfrom
the acceleratorsystemsstring test ASST as theypertainto the estimationof the refrigeratorloadson the
czyogenicsplants. The ASST dipole magnetheat leak datawasre-evaluatedto checkits accuracy. The
dipole heat leaks representa large portion of the total refrigerationload. If the dipole heatleak can be
determined with a high degreeof accura’,then the load onthe cryogethcplantscanbeestimatedwith
confidence.

PREVIOUS RESULTS

The dipole heat leak wasdeterminedby measuringthe massflow rate, the string test inlet
pressure,and the inlet andoutlet temperaturesacrossa magnet. The heat leak is the massflow times the
enthalpy rise across the magnet;

1
where

h=hT,F 2

Once the temperature andpressure are known, the enthalpyis determinedusingGASPAK’ or HEPAK.2
The dipole heat leaks, basedon ASST measurements,have beenreportedpreviously3’4andare

listed in Table L The reader is referred to figure 1 from Weisend3 for a schematicof the string test and
the sensorplacement. The averageheat leakswere determinedby takingthe temperature difference
across the threemiddle dipoles dipoles 2, 3, and4, calculatingthe total heat leak anddividingby three,
i.e.;

* Operated by the Universities ResearchAssociation,Inc., for the U.S. Department ofEnergy under
Contract No. DE-AC3S-89ER40486.
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The uncertainties given in Table 1 were calculatedby comparingthe temperaturerise acrossthe middle
threedipoleswith the absolute accuracyof the temperaturesensors,i.e.;
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Equation4 assumesthat the pressureandmassflow ratehavelittle or no effect on the heat
leak. It alsoassumesinstantaneoustemperaturemeasurementsbecauseno standarddeviation was
included. No equationswere givenby Weisend3or Burgett,4so equation4 is our interpretationof
statementsmade in their respectivepapers.

To estimatethe error in the pressureand flow measurements,a knownamountof heat wasinput
to the dipoles.3’4 The total heat input to the dipoles with the heaterandwithout the heaterwas compared
to the additional heat input to the string, i.e.;

[Qhzlh. -thihwo]Qh
spin - 5

From measurementsandusingequation5, the flow andpressureerrorswere estimated to be less than
20% - From Levin,5 no parameter was held constantduringthe heater test. The temperature
differencechanged,theflow changed,andthe pressure changed. How one distinguisheswhich error
contributesmore from thesemeasurementsis neverexplainedby Weisend3or Burgett.4

The reporteduncertaintiesdo not representthe combinederror in the measurementsof flow,
pressure,andtemperaturebut representaqualitativetypeof uncertainty. A more quantitativetypeof
analysisfollows.

UNCERTAINTY ANALYSIS

A proper uncertaintyanalysis shotrld takeinto account the contribution of each componentto the
overall uncertainty. Following the analysis given by ANSI/ASME,6 the uncertaintyof the calculated
heat leak may be determined as;

SO- /5rn2+5P2+bT2+ Q ¶2 6
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The partial derivativesindicatethe sensitivityof the overall uncertaintyto the measuredparameters.
To evaluate the total uncertaintyof the heat leak,3Q. the uncertaintyof the measured

parameters, 5Th, 8T0p 5P0and3m must bedeterminedfrom the accuracy of the instrumentation
s andthe standarddeviationa of the measurements.Theseuncertaintiesarecombined in a root sum
squaredfashion as shown in equation12.

6T
= + 2ar2 12

The useof two times the standarddeviation2a gives a confidence level of 95% in the measurements.

RESULTS

Using the aboveanalysis,someof the ASST data wasre-evaluated.The 4 K and 20 K data were
taken on 12/10/92from 0000 to 0230. The 80 K data were takenon 8/24/92. Listed in Table 2 are the
measurementequipment and their inherent uncertainties. Shown in Tables3, 4, and 5 are the ASST
measurementdata and their standarddeviations.The uncertaintieswere combined using equation12
and are also listed in the Tables.

The pressure usedin the present calculationswas the pressuremeasuredat the feedcan. The
pressuredrop for eachline was estimatedto be smaller than the accuracyofthe pressuresensorsand for
most cases,it was. It would be impracticalto measureapressuredropusingthe present sensors.
Therefore, the pressurewas assumedto beconstantat the feed can pressure.

Figures 1,2, and3 showthe calculatedheat teaks into eachdipole andtheir calculated
uncertainties. It is evident from Figure 1 that the measurementuncertaintyis of the sameorder asthe
actualmeasurementfor all dipolesexceptdipole 1. From Figures 2 and3, it can be seenthatthe
uncertainties in the 20 K and80K heat leaksare much smallerpercentagesof the averageheat leak than
the cold mass. However, the uncertainties are still significant.

Given in Table 6 are the avengevaluesacross the three middle dipoles. When compared to
Table 1, the averagevalues are essentially the same. However, the uncertainties are much different. The
4 K and 20 K uncertaintiesarean order of magnitudegreater than those in Table 1 and the 80 K
uncertainty is about four times higher.

Also included is an analysis of the 4K heat leak data suppliedby Levin.’ The data was taken as
being the "true" values, i.e., no error wasassumedin the temperature, pressure, andflow measurements.
The data are shown in Table 7. The heat leakacross dipoles2, 3, and4 were avengedand the standard
deviation wascalculated. The resultis shown in Table 8. The avengevalue was 1.36 watts with a
standard deviation of 0.934watts. This is for a 67% confidencelevel la. For a 95% confidencelevel
2a, the uncertainty would be 1.868watts.

CONCLUSION

The dipole magnet heat leakspreviously reported3’4 are the only official estimatesat this time.
Based on standard uncertainty calculation methods, the uncertainties of the dipole heat leaksaremuch
higher than previously reported. It is not correct to determine the heat leak uncertaintysolely on
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temperature considerationswithout proper combination of the other measuredparameter uncertainties.
The uncertainties reported in this paper are the minimum dipole heat leak uncertaintiesexpectedfrom the
ASST measurementswith the current instrumentation. Becauseof the large uncertaintiesin the heat leak
values, no conclusioncan be made regardingthe load on the cxyogenicplantsat this time.

RECOMMENDATIONS

It is recommendedfor futuretestingthatan erroranalysis,as specifiedby ANSI/ASME,6be
performedprior to conducting the experiment and be usedto direct the measurementtechniquesanddata
reduction. It is recommendedthatdifferentialmeasurementsof temperature and pressurebe madeas
opposedto absolutemeasurementsdue to the small temperature andpressuredifferences involved.

NOMENCLATURE

h enthalpy Jig
th = massflow rate gis
F pressurebar
Q = heat leak W
T = temperature K
s= absolute instmment uncertainty
a= standard deviation of data
il/i = enthalpy difference Jig

= total measurementuncertaintyfor massflow rategfs
6? = total measurementuncertainty for pressurebar
ST= total measurementuncertaintyfor temperature K
SQ = total uncertaintyin the calculatedheat leakW

Subscripts
h = heater
in = inlet
out = outlet
T = temperature
w = with heater
wo = without heater
2 = dipole two
5 = dipole five
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Table 1: Previously Reported Dipole Magnet Cryostat MeasuredHeatLeaks from ASST and
Uncertainties.2’3

Run I
watts

Run 2
watts

Uncertainty
watts

Budget
watts

ColdMass 1.3 1.4 +/-0.405 0.36
2OKShieJd N/A 5.59 +/-0.112 5.06
80KShield 28. 24.5 +/- 3.94 37.

Table 2: InstrumentAccuracy’s.

Temperature K’ Pressurebar3 FlowC
Accuracy° Accuitcy Accuncy

4 K Cold Mass 0.0025 0.038 2%
2OKTubes 0.0150 0.038 1%
80K Tubes 0.5000 0.038 1%

A 4K:
20K:
80K:

Carbon-Glass Resistor
GermaniumResistor
Platinum ResistanceThermometer

B All are SetraModel 204E PressureTransducers

C 4K:
20K:
80K:

Venturi
Diaphragm Meter
Diaphragm Meter

D Accuracy’sgivenby Wiesand3 andBurgett.4

E Percent of measuredvalue.

Table 3: 4 K ASST Data and Uncertainties12/10/92.

7



Table 4: 20 K ASST DataandUncertainties12/10192.

Pbar 1.124 mW’s 1.01

2a bar 0.001 Va g/s 0.15

c bar 0.038 c g/s 0.01

8? bar 0.038 3m g/s 0.15

SensorLocation TemperatureK Va IC c IC ST K
FeedCan 23.46! 0.060 0.015 0.062

InletDipole 1 20.341 0.050 0.015 0.052

Outlet Dipole 1 18.280 0.051 0.015 0.053
Outlet Dipole2 17.333 0.049 0.015 0.051

Inlet Dipole 3 16.596 0.052 0.015 0.054

Outlet Dipole 3 16.333 0.053 0.015 0.055
Inlet Dipole 4 16.208 0.054 0.015 0.056

Outlet Dipole 4 15.206 0.060 0.015 0.062
Inlet DipoleS 15.097 0.059 0.015 0.061

Outlet DipoleS 14.356 0.063 - 0.015 0.065

End Can 9.467 0.066 0.015 0.068

Table 5: 80 K ASST Data andUncertainties8/24/92.

Pbar 1.59 nig/s 15.13

2’abar 0.10 2’aW/s 1.02
cbar 0.04 cg/s 0.15
SP bar 0.11 Sm Wa 1.03

SensorLocation Temp K 2a K s K ST K
FeedCan 99.01 0.44 0.50 0.67

Inlet Dipole 1 99.30 0.38 0.50 0.63

Outlet Dipole! 100.95 0.16 0.50 0.53
InietDipole2 101.06 0.16 0.50 0.52
Inlet Dipole 3 102.89 0.11 0.50 0.51

Outlet Dipole 3 104.58 0.07 0.50 0.50
Inlet Dipole 4 104.89 0.07 0.50 0.50

Outlet Dipole 4 105.78 0.13 0.50 0.52

Inlet DipoleS 106.36 0.13 0.50 0.52
Outlet DipoleS 107.60 0.30 0.50 0.58

Inlet Quad 1 109.91 0.37 0.50 0.62

OutletQuadl 110.70 a4l 0.50 0.65
End Can 112.92 0.50 0.50 0.71
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Table 6: Dipole Magnet Ciyostat Heat Leaksand Uncertainties.

HeatLeak
watts

Uncertainty
watts

CoidMass 1.3 +1-1.4
2OKShield 5.7 +/-1.0
80K Shield 29.6 +1- 12.6

Table 7: Data given by Levin.5

Date Dipole I Dipole 2 Dipole 3 Dipole 4 Dipole 5
watts watts watts watts watts

11/15/93 8.53 2.56 0.21 1.49 1.71
11/17/93 8.5 2.7 0.41 1.45 1.87
12/08/92 8.73 2.46 0.07 1.28 2.24
12/10/93 10.08 1.97 0.25 1.48 2.46
12’12/92 8.97 2.55 0.14 1.56 2.36
12/15/92 9.19 2.16 0.25 1.49 2.3

Table 8: Statistics for Dipoles 2, 3, and 4 using Data from Table 7.

AvengeHeatLeakwatts 1.360
a watts 0.934

2*a watts 1.867
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Figure1: 4KDipoleHeacLeaks

12

10

8

6

4

2

0

S

S

S
Ca

Figure 2: 20 K Dipole Heat Leaks

Magnet

Dipole Dipole Dipole
1 2 3

Magnet

* Q watts

UQ watts

* Q watts

L dQ watts

Dipole Dipole Dipole Dipole Dipole
3 4 5

Dipole Dipole
4 5

10



60 T

Dipole Dipole Dipole Dipole Di?ole
1

Magnet

* Q Watt[]

dQ Watts

Figure: 80K Dipole HeatLeaks

50
In

4Q.

.X30.

20
Ca

10

0j i.F i.
2 3 4 5

11


