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INTRODUCTION 

This engineering note documents the calculations done to determine the 
vacuum pumping speed for the D-Zero solenoid. The raw calculations are 
attached. A summary of the results are listed below. 

RESULTS 

The vacuum pumping speed of the solenoid is determined by the 
conductance of.-the pumping path. At higher pressure ranges during initial 
pumpdown, the conductances will be rather high. Calculations were not done 
for the transient pumpdown period, only the steady state type pumping 
situation. The pressure is assumed to be on the order of 10E-7 torr. This is 
the free molecular flow regime based on Knudsen number. This pressure 
regime is also where the pumping speed would be least. 

The conductances were calculated based on pumping helium gas at a 
temperature of 300 Kelvin. The total conductance of the pumping path from 
the solenoid to the inlet of the turbomolecular pump is II.S Lis. The 
effective pumping speed of a 1000 Lis turbo pump attached to this pumping 
path is 11.7 Lis. 

The minimum required pumping speed for design purposes was set at 
4.3 Lis. This value was arrived at by assuming a warm leak size 
(lOE-S atm-cc/sec) was not detected during fabrication of the solenoid. It is 
then assumed that the leak leaks cold liquid helium into the vacuum space. 
With this leak rate, a 4.3 Lis pumping speed would be able to maintain a 2 x 
10E-7 torr pressure in the solenoid vacuum jacket. The solenoid would be 
able to be operated with this small leak with continuous pumping. 

CONCLUSION 

The effective pumping speed calculated for the solenoid and chimney is 
greater than that required to keep the solenoid operational even if a small 
liquid helium leak was leaking into the insulating vacuum space. 
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EXPLANATION OF ATTACHED CALCULATIONS-- ---~ .. 

Several sets of calculations are attached. They are in .chronological order with 
the most recent calculations first. Each set is described below. . 

*Calculations dated 8/2/93 thru 8/10/93, Pages 1 thru 5: 

These calculations summarize the conductances of the pumping path as­
described in the August 11, 1993 version of the Design Report. These 
calculations heavily reference previous calculations. These calculations are 
the source for the effective pumping speed = 11~7 L/s. 

*Calculations dated 5/17/93, Pages 1 thru 6: 

These calculations were done before/during the time it was determined 
that the turbomolecular pump had to be moved. The calculations do contain 
the latest conductance value calculated for the obround section however. 
Pages 5 and 6 show the 'new' decision to move the turbo under the control 
dewar. These calculations also allude to the plan to expand the vacuum jacket 
from 8" pipe to 10" to get higher pumping speeds. 

*Calculations dated 11/13/92, Pages 1 thru 3: 

These calculations were done to determine the conductance through the 
obround chimney section. They determined that the obround should be 
increased from 3" x 6 3/4" to 3" x 7" to get a much improved conductance. 

*Calculations dated 10/7/92 thru 10/13/92,- Pages 1 thru 12: 

These calculations were the first I did to try to determine whether to 
use a separate dedicated pumping line or to use the cryo utility transfer line 
vacuum space. At this date, it was not clear whether the chimney could run 
vertically from the solenoid or not. The calculations on page 11 conclude that 
the minimum design pumping speed is 4.3 L/s. 
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.Table.3 • Pumping...speed~Comparisan 

• ~""- ....!' 

Clllrnnay Extarnal IIna Nominal EffectJva:" pump 

Siza/Shapa Conductanca condudaric.--~·PihnP '.pHd. ., Sifiiia."'~ 
(lis) (4·prpe - size)(lIs) (I/s) (I/s) \ 

Rect. 2.5· x 9.5· 410 37 380 31­

Rect. 2.5· x 5" . 169­ 37 380 28~ 

Annular, 2.75·" x 2·" 10 37 380 8 . 

Annular, 2.75·" x 2.5·" 2 37 380 1 

Circular, 1" " 3 37 380 3 

Circular, 2.75"" 61 37 380 22....: 

Circular, 3" 0.0. x .065· wall 69 37 380 23 

COF. both pumps on 59 

COF. control dewar pump only 42 

SOC 4·" to pump total 125 390 95 

Required pump speed to keep the coil at 2.2 x , 0-7 Torr with a warm 10-8 atm-co/sec leak leaking cold LHe is 4 I/~ 

Temperature used in calculations is 300K. 
Assumed pumping helium gas. 
Conductances are for free molecular flow regime. 
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