
D0 SOLENOID UPGRADE PROJECT 

Solenoid insulating vacuum vessel; 

Relief path capacity calculation 

D-ZERO ENGINEERING NOTE # 3823.111- EN-345 

May 26, 1993 
Rev. August 2, 1993 

Russ Rucinski & David Bell 

-. 


.... ~. --.----.- / 



I r' . ...., 

Rev. 8/2/93 

This engineering note documents the calculations done . to determine the 
relief capacity of the solenoid vacuum pumping line. The calculations were 
done by David Bell, a co-op student from the University of Wisconsin. The 
calculations are attached. The conclusion is that the vacuum pumping line has 
a venting capacity of 129 g/s warm helium or 298 g/s warm nitrogen. Both 
of these capacities are much larger than the expected operating mass flow 
rates of the liquid helium (·5 to 15 g/s) or liquid nitrogen ( 2 or 3 g/s) 
circuits. The calculations assume the solenoid vacuum vessel is at 3 psig and 
the relief plate is set at 1.5 psig. 

Additional calculations were done to prove that the venting capacity of 
the vacuum pumping line exceeded flowrates due to a failure mode. These 
calculations are attached. Since the system is not finalized, (pipe sizes not 
determined, components sized ... ) the calculations were done by first picking 
reasonable line sizes based on known allowed pressure drops in the system 
and then doing a maximum delivery rate calculation if a line was completely 
severed in the vacuum space of the solenoid/control dewar. The numbers 
from these calculations say that failure mode flow rates are 80 g/s liquid 
helium or SO g/s liquid nitrogen. Both these values are less than the capacity 
of the relief line. 

In the five months since the (12/92 Dave Bell) calculations were done, 
some changes occured to the relief path. The most notable is that the 
radiation shield is now considered to be 6.625" O.D. instead of 6.00" used in 
the venting calculation. This change would tend to lower the capacity 
numbers. Another change was that for about half the venting path the 
chimney vacuum shell size was increased to 10" pipe. This change tends to 
increase the capacity numbers which were done assuming S" pipe. These 
changes taken together probably offset each other or make the capacity 
numbers better. In either case, since the margin of safety is large, the 
calculations have not been redone. 

Russ Rucinski 
RD/D0 Mech. S'/2/93 
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..st.~ OUtJ;!l.1t 	 Comment 

DO Solenoid LN2 line 

Russ Rucinski RD/D0 7/28/93 

** FLUID FLOW IN PIPES ** 
Pressure drop equation from Crane 
Technical paper 410 

100 L ft length of pipe 

.37 d in pipe inside diameter 

.04 f friction factor of pipe 


Re 3386.996 	 Reynolds number of pipe flow 
795 	 rho kg/m'" 3 fluid mass density 


dP .02212023 lb/in"'2 pressure drop across pipe of length L 

Area .10752101 in'" 2 cross-sectional area of pipe 


3 mdot g/s mass flow rate 

.00012 mu Pa-s fluid viscosity 


W 23.80968 lb/hr 


St. .Inlmt. Name. ClJtJ;!ut llnit. 	 Corrgnent 
DO Solenoid LN2, max flow 
with delta P of 7 psi 

Russ Rucinski RD/D0 7/28/93 

** FLUID FLOW IN PIPES ** 
Pressure drop equation from Crane 
Technical paper 410 

100 L ft length of pipe 

.37 d in pipe inside diameter 

.019 f friction factor of pipe 


Re 90319.894 Reynolds number of pipe flow 
795 	 rho kg/m"'3 fluid mass density 


dP 7.4717217 lb/in"'2 pressure drop across pipe of length L 

Area .10752101 in'"2 cross-sectional area of pipe 


80 mdot g/s mass flow rate 

.00012 mu Pa-s fluid.viscosity 


W 634.9248 lb/hr 


CorrgnentSt. lDJ;!l.lt. H.ama Q]Jt:smt .un1t. 
DO Solenoid LHe line 

Russ Rucinski RD/D0 7/28/93 

** FLUID FLOW IN PIPES ** 
Pressure drop equatio? from Crane 
Technical paper 410 

L 	 ft length of pipe100 
pipe inside diameter.495 	 d in 
friction factor of pipe.013 	 f 

Re 530382.82 Reynolds number of pipe flow 
106.7 	 rho kg/m'" 3 fluid mass density 

dP .3124628 lb/in"'2 pressure drop across pipe of length L @ 
Area .19244218 inA2 cross~sectional area of pipe 
mdot g/s mass flow rate15 

fluid viscosity2. 864E-6 mu Pa-s 

W 119.0484 lb/hr 
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