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Abstract.

The experimental study ofie headiffusion problem with using afhe smallMDT prototype
and Finite ElementAnalysis (FEA) of this prototype and BIL Chamber's Multilayer is
presented. The Finite Element program used in this analysis was ANSYS4.4.

All questions and notes addressB&LIEV@MX.IHEP.SU or KOZHIN@MX.IHEP.SU.



1. Introduction.

This paper describethe experimental andnalysisparts of a heatliffusion problemstudy for
the MDT Chamber withsmall prototypeusing. The reason of this studytie results of the
BIL Muon Chamber design concept analysis presented in the references 1 and 2.

The goals of this work were:

» study of theneating influence ofhe front end electronics on the temperatistribution
into the Chamber;

» experimental redetermination die finite element mode(FEM) parameters, such as air
thermal conductivity between drift tubes) (and convection coefficient dhe upper and
lower layers d). This redetermination is necessary to make thermal FEA of the BIL Muon
Chamber more correct.

2. Experimental part.

2.1. Setup.

The measurements were performed fpr@otypeconsisting of 17 Al tubes with 30mauter
diameter, 0.5mnwall thicknessand 85cm length, boundddgetherwith distance between
walls 0.1mm.The prototype waplaced inside cardboard box (Figure 1) to prevent asider
flow. Right and left sides othe prototype wereshielded by foamplates, butsome



measurements were done without them. The
plates reduce heflow nearprototypesides for
better approach to thehamber with larger
width. The tube ends are closed foam end
plugs (Figure2). We testedwo cases of heat
sources: one inside tubes and another at a board
placed near the end dube. Resistor (2W
2000hm) attached to theft end plug simulates
heat source inside tube, forexample,
preamplifier inside Faraday-cugitached to the
tube. Figure 3 shows cross section of the
prototype heate@&nd whenthe heat source is
placed at theboard. It consists of 18 2W
resistors distributed on the board. The board
was closed by a box made of 1.5mm Al
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Figure 1: setup for test of driftubesheating by
front end electronics.

The box was attached to tubes. The width of contact surface of the box with an external tube of the
prototype is about of tube diamet&or corner tubes of the prototype the contaictth with the
box is doubled. Length of the contadd( in Figure 3) could be changdaljt the contacsurface

wasnot perfect. The gap between tube and the box could be @bbom. We usetivo boxes.
One was closed. Up and dowidles ofthe second box wemrilled. Holes' diameter is 7mm, they
covered about 23% of the box side.
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1 — foam; 2 — resistor (180 Ohm/2W) Board with resistors

Figure 2: Cross-section of tube. Figure 3: Box with heated board

Temperature of tubes was measured by thermoresistor that was attachegalbdhatubeinside
it. Calibration curve of the resistor iggiven in Figure 4.For calibration  thermoresistor



Calibration of thermeresistor

was attached to internal

S s ; 10.3208E-01 _
=32 F : : : : ’F(: 6091 surface of Al tubewhich was
P2 i —6i566 placed in tank withwater the
28 P3 0.4764 t .
Y 0. 4624807 emperature of which was
measured by mercury
24 thermometer with resolution of
0.1°C (asterisks in Figure 4).
20

Full cycles denote points
measured in Al tubes of the
prototype during test before
heating, when air temperature
was measured by thaercury
thermometer. These points

8 \,\\\ were not used to fit.
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Figure 4: cCalibration of the temperature sensor: asterisk -- calibration
points, full cycles -- points during measurements

2.2. Results with heat source inside tube.

Temperature along tube #9, heat sources inside tubes

The first measurements were dawith
heat sources inside tubes. We measured
temperature along tube #9 and
distribution of the temperature across drift
; tubes at distancéscm from hot ends.

i Measurements were performed in 3 or
more hours after switch goower supply
------------- heatingthe tubes. Furthewhen weshall

tell about tube temperature it withean
the difference betweentemperature of
tube and air temperature. Figure 5 shows
5 temperature in tube 9 versus len@tbm
=—3.- heated end fordifferent powers inside

: tube. To recognizevalue of the power

Towse—Tann'C

....................

....................

- one needs to see in Figure 6 where the hot
Liem end temperature is shown as a function of
Figure 5: Temperature of tube 9 versiength for the power. Marker type ofFigure 6
different powers. For definition ofmarker type see corresponds to one in Figure 5. Asterisks
Figure 6. in Figure 6 denote difference of
temperature between heated



and cold tube ends. Figurgivestube cold end temperature verqu®wver. The resultgiven in
Figure5-7 were obtainedith onefoam plate at right side @he prototypgFigurel). Line fit of
the results in Figure givestemperature of heat end as 0.8A0008C*P(mW/tube), where P is
the tube heating power.
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Figure 6: Temperature of the heated end as figure 7: Temperature of cold end versus power.
function of power. Asterisks' difference temperature

between hot and cold ends.

Ternperature across tubes for warm (L=5cm) end, P=B45mW/tube

e T Distribution of temperature across drift tubes at
T; B - 21dom pites distance 5cm fronheated end is presented in
S s Figure 8 for 845 mWi/tubgower and for 3
cases: withoutfoam plates (two sets of
0 measurements);1 foam plate and 2 foam plates
) o e at sides of the prototype.
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Figure 8: Distribution of temperature acrogsbes
for 845mW/tube poweinside tube at L=5cm from hot
end.



2.3. Results with heat source on the board.

For the 1sttase wherthe box around the board wast drilled we performedimited number of
measurements. We tested otyo values ofpowersupposing that temperature of the tubknisar
function of power. Previous results with heat source inside tube (Figure 6) prove it. The
measurements were done with 2 foam plates.

POWER ON PLATE IN FRONT OF TUBES P=12.6W (740mW /tube)

Distribution of temperature across tubes at

o Futt-fire-=tow-tayer distance 5cm fromheated end is shown in
3o i Btet e et i Figure 9 for three lengths afontactbetween
12 Y the box around the heat board and tub@due
of thelength is givemear correspondinfamily
10 of curves. Negative valumeansthat there is
not a contacbetween tubes and the box that is
o attached tdoam end plugs only. Increasing the
temperature at edges is caused by about
] doubled contact surface width for corner tubes.
. ‘/u D,=—1.5 MM
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X,mm

Figure 9: Distribution of temperature across
tubes at L=5cm from hot end. Power is
740mW/tube at common board.

Distribution of the temperature along tube 9 is given in Figure 10ifflerentcontactconditions of

the box with tube antlvo values ofpower. Marker typelefinition can beunderstood fronkigure

11. Line dependence of tube temperature versus bgerder gives us 0.006, 0.009 and
0.01Z2C*P(mW/tube) forD, equal to --1.5, 5 and 15mm, accordingly.
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Figure 10: Temperature of tube #9 versus length foFFigure 11: Temperature of heated end as a function
different powers at common boaf8lox wasnot drilled. of power at common boardvith undrilled box.
For definition of marker type see Figure 11.



Heol source on board, box with holes

For thedrilled box we measured temperature i s , , ; ,
tube 9 versus power morecarefully. T; DS -SSR N S S
Dependences of tube 9 temperature as a function ¢
of power is shown ifrigure 12 for distance 5cm~ * |
from heated end. Values tifie contactlength 35t
are given near curvesvhich are the 2nd order ¢t
polynomial fit. i

800 1000
Power P,mW /tube

Figure 12: Temperature of heated end as a function
of power at common boardith drilled box, holes'
diameter is 7mm, surface of holes is 23%.
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2.4. Discussion of the measurement results.

We should like to emphasitleat ourmeasurement ®ero approach to th@oblem. However now
we have several digits that can be used for estimations.

When heat source is placed insidbe, e.gpreamplifier inside end plug, signal endtabes will be
heated with respedir as 0.014C*P(mW!/tube), where P is power. Thalue was obtained for
short (85cm) tubes. Ineasing of the tubkength will decreaséhe end temperature about 20%,
but we suppose thatlayers chamber will haveemperature some larger as comparegayers
one. So, we conserve our estimation.

It is detected temperatudifference betweetubelayers. The value iabout 0.3-0.4C for heated
tube ends for power of 845mW/tube.

Estimation of temperature for heat source at board, commonboard with ampliers like
"hedgehog"”, is 0.006-0.01C*P(mW/tube). The value is dependent gifielding box thermal
contactwith the end of MDTchamberFor the boxwith drilled surfacethe tube's temperature is
abouttwo times less as comparettte closed box. Wthink thatthe temperature can be increased
due topinsbetween the board and end plug$ds to baestedwith real construction of the MDT
chamber.



3. Analysis part.

3.1. Finite Element Model.

2-D (X-Y axes) FEM was used wmulateprototype(Figure 13) and BIL Chamber's multilayer
(Figure 14).

Cross plane model.

Cross plane model.

Longitudinal plane model. Longitudinal plane model.
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Figure 13: small prototype FEM. Figure 14: MDT Chamber’s multilayer FEM.

The element types used were:
» STIF32 (2 nodes Thermal Bar) to model the drift tube’s cross section;

» STIF33 (2 nodeghermalBar) to modelthe drift tub’slongitudinal section and air between
tubes in longitudinal model:

« STIF34 (2 node Convectiohink) to model convection between outside surface of the
prototype or Chamber’s multilayer and environmental air;

» STIF55 (4 node Isoparametric Thermal Solid) to model air space between drift tubes.

3.2. Material properties.

Two materials typesvere used in FEM Aluminium alloy for the drift tubes andir in the space
between drift tubes. The material properties for the different model elements are shown in Table 1.



Table 1.

Drift Air Up Low Lateral
tubes surface surface surface

Thermal A, =0.026
conductivity 209.3 - - -
(W/mLFC) A, =0.154

Heat capacity 880 1000 - -
(J/kgFC)

Mass density 2630 1.29 - - -
(kg/m*)

Convection
coefficient - - 2.17 1.77 2.4
prototype

(W/m?[PC)

Convection
coefficient - - 1.42 1.16 2.24
multilayer

(W/m?[PC)

3.3. Loading.

The heat source (845 mW) was applied to one end of each drift tube.

3.4. Analysis plan.

The analysis was made in the following sequence:

« The several calculationgere carriecbut for the croslane ofthe prototypé (Figurel13). As
result air thermal conductivity coefficient and convectiore were matched gbat cross plane
temperature distribution obtained by calculations became the same as one for the prototype;

» The calculations fothe longitudinal plane othe prototypgFigure 13) with using of previous
calculation resultsvere carried out. By result the temperature distribution along the drift tubes
was obtained. Agreement of this distribution with measoreel was a criterion of the FEM

correctness;

» The calculations for the cross plane and longitudinal one of the Chamber’s multilayer (Figure14)
with utilizing of the calculation results for the prototype were carried out;

! Standard value of the air thermal conductivity is equal to 0.026, but convection’s presence
makes it value equal to 0.154.
2 All calculations were made for prototype without foam plates.



» The estimations of the Chamber’s sag under temperature gradient influence were carried out.
3.5. Calculation results.

We came tahe conclusionthat the most goodgreement between calculation and experimental
results (Figures 14,15) can be obtained when FEM parameters will have following values:

A, =g

A, =60A;

a, =24W/m?[C);

a up = llm Iat;

a low = Ogm Iat;

Where:
A, is air thermal conductivity between drift tubes in X direction;

X

A, is air thermal conductivity between drift tubes in Y direction;

A, =0.026W/ mO Q is standard value of the air thermal conductivity;
a,, Is convection coefficient of the lateral layer;
a,, is convection coefficient of the upper layer;
a,, IS convection coefficient of the lower layer.
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Figure 16: Temperature alongibe #9 obtained by

Figure 15: Distribution of temperature acrosisbes .
measurement and calculations.

obtained by measurement and calculations.
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The results of calculations for BIChamber's multilayeare shown in Figure 17 ari8. The
temperature distributiogiven in Figure 18vas carriedout for multilayer crossplane center
line.
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Tube # in laye L,mm
Figure 17: Distribution of temperature Figure 18: Temperature distribution
across tubes for BIL Chamber’s multilayer. along tube #16 for each layer.

The minimal Chamber's sag under normal the Chamber's plangemperature gradient
influence was estimated as equal tpu®® (for heat source equal to 845 mW per tube).

3.6. Discussion of the calculations results.

The change-over from prototype FEM @hamber’s multilayeFEM leads tahe pronounced
increment of the maximal drift tubes' temperature (from°T1t6 25.6C).

The temperature gradient naal to the Chamber’s plane is quitbig (from 0.01...0.53C
between neigbouring layefsr central area of th€hamber td.27...1.37C for outlying area)
and Chamber’s sag under this gradient influence can exceed allowable value.

The temperature gradient along of the drift tubes is alsoHagletds tothe different value of
the thermal expansion fafifferent Chamber’s end (according @ar estimation this difference
can reache 50n).

? Allowable value is 11625um.



The temperature gradient in tdamber’s plandyut across drift tubes is largep to 6.51C
between central tube andittying one) thatcan lead tothe pronounced deformations in
Chamber’s plane. Moreover, because of the Chamber’s multilayer cross seatpmisetrical
(Figure 13), the temperature distribution in drift tutbe@ger is asymmetricabo (Figurel7). It
can lead to a warping of the Chamber’s multilayer.

It looks as if theproblem ofthe heating influence tdhe Chamber’'s deformation is quite

serious problem and requires further study. However it is @kaady now,that there is
necessity to find some technical solutions to provide uniform temperature in the Chamber.

4. Conclusions.

» Chamber’s temperature deformations are a real problemhich must be studied
thoroughly;

» Temperature gradient in the Chamber leads to complex three-dimensional deformations;

» Temperature deformations value can exceed its allowable value.
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