Notes on NLC beam dump window thermal performance (ZDR p. 807) 

e.d.  rev 1  6/3/05
Goal: extend ZDR dump window analysis to a more comprehensive understanding using ANSYS.

ANSYS model: 2-d plane elements axi-symmetric;  O.D. = 10cm, t = 1mm; element size = .125mm;  material = Cu; water cooled on one side; insulated elsewhere.

Confirm ZDR results (eqs 11.161 and 11.167) pertaining to heat flux at window-water interface.
a. Window temperatures if no radial conduction.
b. T through window eq (11.161): verified by closed form solution and by ANSYS simulation

c. But: significance of T through window is unclear.  What matters is temperature of window and T between window and water

d. Window temperature determined by heat flux and water velocity
i. 10.9W deposited

ii. Spot size 1mm diameter, window thickness = 1mm

iii. Cooing inside surface – water @ 1m/sec  => h=1500W/mC
iv. T through window is 18C (Fig 2) in agreement with zdr
v. But: max window temperature is 9290C

2. Window temperatures with radial conduction, lower surface water cooled at 20C
a. Water velocity ~ .3m/s (Fig 3): Tmax = 40.2C
b. Water velocity ~1m/s (Fig 4): Tmax = 38.4C
c. Water velocity ~3m/s (Fig 5): Tmax = 36.8C
d.  T through window (check eq 11.167) not evaluated because not relevant
e. Conclusions:

i. No possibility of boiling
ii. Window temperature ~ insensitive to water velocity

iii. Thicker window possible if needed
Extend to ILC
1. Window temperatures with radial conduction

a. Parameters (per Lew Keller)

i. 22W deposited

ii. Spot size .3mm radius (same area as .87 x .1mm radial spot)

iii. Water cooling h=1500W/mC

b. Results (Fig 6) Tmax = 61.8C

c. results

i. 22W deposited

ii. Spot size .3mm radius (same area as .87 x .1mm radial spot)
iii. Water cooling h=1500W/mC

Next step:

1. Study transient stresses.

2. Model elliptical spot (3-D model): steady state temperature will be lower but stress could be concentrated at sharp ends of ellipse
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Fig 1. 1mm thick window, 100mm O.D. circular symmetry about center (left edge).  Heat (10.9W) deposited in blue area 1mm O.D. x 1mm thick.  Bottom surface water cooled.
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Fig 2. Beam heated zone, 10.9W, no lateral conduction, cooled on bottom surface.  T through window = 18C (agrees with ZDR eq 11.161), peak temperature = 9290C.
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Fig 3.  Lower surface cooled with water at 20C, ~.33m/s.  Peak temperature = 40C.
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Fig 4  Lower surface cooled with water at 20C, ~1m/s.  Peak temperature = 38C.
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Fig 5.  Lower surface cooled with water at 20C, ~3m/s.  Peak temperature = 37C.
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Fig 6  ILC parameters, 22W,  R.3mm spot, cooling flow ~1m/s. Peak temperature = 62C.
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