z Page 1

7

R� Layer00Colleagues

)URP�

TimJones,Dave Muskett

&&�

’DWH�

28/06/99

5H� Measurementsoftheperformanceofahalf-lengthLayer-00thermalprototype

6FRSH

Thisnotesummarisestheresultsof experimentalmeasurementsmade on a half-length thermal

modeloftheCDFlaye-r00vertexdetector.Theaimsofthisstudywere :-

1. Determinethe effectivenessof theŜVX-II InnerScreeñin imposing alowtemperature outer

boundarytotheLayer-00volumethuseliminatingthemajorsourceof heatinlayer-00,namely

theinfluxfromSVX-II.

2. Investigatethe possibilityof removingthe heat producedinthesilicon detectorsof layer-00,in

additiontotheinfluxfromSVX-II.viaheattransfertothê SVX-IIInnerScreeñ

0HDVXUHPHQWV

�

&)�7XEH�7HPSHUDWXUH�YV�,QSXW�)OXLG�7HPSHUDWXUH

Asthetemperatureoftheincomingfluidisvaried,heat willbetransferredthroughthe gasfrom

the outerscreentotheCFtube.Thisheatwillbeconductedthroughthecarbonfibretothe

coolingchannels.Thetemperature of theCFwillbe highestata pointonthe circumference

whichisequidistantfrom thecoolingchannels(neglectingthetemperatureriseinthefluid

alongthepipelength).

Measurementsof thetemperature of theCFtube and outeraluminium screenweremade as

thefluidtemperaturewas varied.Thesemeasurementswere performedwith both nitrogen

(k=0.026W / m .K)andArgon(k=0.017W / m.K)asthe gasfillinginthevoid between theCF

tubeandtheouterscreen.

ThetemperaturerisefromthecoolingchanneltothetopoftheCFcylinderwasmeasuredasa

function of thetemperature difference betweenthe outeraluminium screen andthefluid

temperature.The difference

’ T,givenby T

al

˘ T

fluid

,i.e.T1-T3,isameasure of the heatinflux

intotheCFscreenwhilst thedifference

                                                                                                       z  Page 3

·
 Argon

Fluid Temp (C)

’ T (C)

G T (C) ’ T/ G T

22.3 0 0 0

18.9 3.78 0.37 10.2

14.7 6.77 0.43 15.5

10.4 9.12 0.87 10.5

8.1 10.91 0.67 16.3

6.0 12.59 0.82 15.4

1.7 15.50 1.26 12.3

-2.7 17.13 1.19 14.4

·

 Nitrogen

Fluid Temp (C) ’ T (C) G T (C) ’ T/ G T

22.5 0.22 0.07 0

18.9 3.20 0.47 6.8

14.6 6.57 0.78 8.4

10.2 9.70 1.01 9.6

8.0 11.22 1.25 9.0

5.7 12.75 1.44 8.7

1.4 15.48 2.15 7.2

-3.0 17.03 2.18 7.8

Maximum SVX-II Inner Screen T emp
vs.

SVX-II to SVX-II Inner Screen  T emp. Difference

0

0.5

1

1.5

2

2.5

0 5 10 15 20

SVX-II - Layer00 T emp. Diff (C)

Max. Temp of SVX-II Inner Screen

(C)

Argon

Nitrogen

                                                                                           The data show that with an outer screen-to-CF tube temperature difference of ~ 15C,

                                                                                           corresponding to the operation of Layer-00 at 0C and SVX-II at 15C, the temperature rise to the

                                                                                           hottest point on the CF screen is less than 2.2C.

                                                                                           The temperature rise in the CF tube is reduced for argon when compared to nitrogen. This is due to

                                                                                           the poorer thermal conductivityof argon which reduces the heat influx into the CF tube for the same

                                                                                           ’ T.  The ratio ’ T/ G T (argon) / ’ T/ G T (nitrogen) ~ 13.2/8.1 ~ 1.63 which is in good agreement with

                                                                                           the inverse of the ratio of the thermal conductivities (0.026/0.017 = 1.53).

�

                                                                                                          ·

                                                                                                                 Helium

Heater Power (W) Layer-00 temp (C) Min CF temp (C) Max CF temp (C)

1 4.3 1.4 3.9

2 5.2 1.5 4.5

3 5.3 1.9 5.5

4 6.0 2.1 5.9

5 6.7 2.2 6.3

6 6.7 2.4 6.7

                                                                                                          Predictions for the bias voltages and strip currents, applicable to the situation following 3 years of

                                                                                                          operation have been made for a range of temperatures. For a temperature of 10 C the strip current

                                                                                                          for a 50
m
m pitch detector of length 150 mm is ~ 2
m

A. The corresponding depletion voltage is ~

                                                                                                          150 V. This results in a power dissipation of 38.4 (76.8) mW  per narrow (wide) detector. The total

                                                                                                          power generated in the silicon of layer00 is then 2 x 3 x 6 x (38.4 + 76.8) mW  = 4.15 W . Thus the

                                                                                                          relevant power for the test performed (1/2 length) is 2.07 W  @ 10 C.

                                                                                                          The nitrogen data showthat at 2W  the temperature of the tube representing the silicon is 7 C rising

                                                                                                          to 10C for 3 W . The greater thermal conductivity of helium results in a smaller temperature rise.

                                                                                                          The temperature is always less than 7 C for even the highest powers applied. At the nominal power

                                                                                                          the silicon temperature would be somewhat below 10 C resulting in a reduced strip current (I ~ 1.2

                                                                                                          m

                                                                                                                 A @ 5 C) and hence a reduced power dissipation. This will in turn lead to a reduced temperature.

                                                                                                          Hence one mayexpect that the final temperature with a helium filling would be ~ 5C.

Layer  00 Ther mal Prototy pe - Helium

0

1

2

3

4

5

6

7

8

0 2 4 6 8

Power (W)

Temperature (C)

Inner Cylinder

Min CF Sc ren

T emp

Max CF Sc reen

T emp.

                                                                                                      z  Page 6

&RQFOXVLRQV

A half-length thermal prototype representing the silicon of layer-00, the SVX-II inner screen and the
first layer of the SVX-II has been constructed and tested. Providing sufficient cooling power can be
integrated into the SVX-II inner screen, then ;

1.  An SVX-II inner screen, formed from a 20.25 mm radius carbon-fibre tube of thickness 0.3 mm

                         as supplied by FNAL, is capable of acting as an outer thermal boundary to the layer-00 system

                         and is effective in reducing the heat ingress from SVX-II to a lowlevel.

2.  The benefit of the screen could be improved if the gas filling the SVX-II volume were argon

                         rather than nitrogen. However, it is acknowledged that this may not be possible due to

                         overriding considerations.

3.  The silicon of layer-00 may be kept below 10 C during the whole of a 3 year operating scenario

                         by heat transfer through the nitrogen gas within the layer-00 volume to an SVX-II inner screen

                         cooled to ~ 0 C.

4.  The temperature of the silicon can be reduced to ~ 5 C, by heat transfer to an SVX-II Inner

                         screen cooled to ~ 0 C, if the layer-00 volume can be filled with helium with a flow sufficient to

                         prevent the ingress of nitrogen.