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Test Cryostat Nozzle 

This report contains the results of calculations for a resized 
nozzle on the D-Zero test cryostat. The nozzle neck in the inner vessel 
will be 6"13 schedule lOS pipe and 8"13 schedule l OS will be used For the 
ou ter vessel. On top of the nozzle will be placed the D-Zero Endcap 
Calorimeter si gnal board feedthru dewar box (see dwg. 
3740 223-ME-223636). hIS box wei ghs approxImate ly 250 Ib, bu t the 
weight was conservat ively taken to be 500 lb. Re fer to Dwg. 
3740-ME-209058 f or de taI ls of the test cryostat. 

CoJcuJotj ons 

Vessel pressure = 45 psld 
Allowable stress = 18800 X 0.8(FERMI stress reduct Ion factor) 

= 15000 psi 

6- PIpe (Ref. 1 Par. U6-27) 

tr shell 	 = PR/(SE-0.6P) 

= (45)(24.75)/[(0.6)( 15000)( 1)-(0.6)(45)] = 0.124 in 

tr nozzle 	= PRnozzle/(SE-0.6P) 

= (45)(3.1785)/[(0.6)(15000)(1 )-(0.6)(45)] = 0.0 16 In 

Area of Reinforcement (Ref. 1 ~ App. L) 

AreQ. 	 = d X tr sheJl X F 

= (6.357)(0.124)( 1) = 0.79 in2 

= [( 1)(0.25)-( 1)(0.124)](6.375)+(0. 148-0.016)(5)(0.25)( 1 ) 

= 0.97 1n2 

AavalL ) Areq. therefore no reinforcement is required.-

http:148-0.016)(5)(0.25
http:PRnozzle/(SE-0.6P
http:PR/(SE-0.6P
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8- Pipe (Ref.l por, UQ-28) 

LIDO = 72/55 = 1.31 

= 0.25/1.5 

= 0.1667 in (t = 1.5tr ensures that any isolated opening 

In an externally pressurized vessel is 
seIf-reinforced.) 

D = 55­o 

A = 0.00018 (FIg. 5-UGO-28.0) 

B = 2400 (FIg. 5-UGO-28.1 ) 

Pa = 9.7 pst 

Conclusion: The allowable pressure from above does not exceed 
15 psig per ASME, but It does exceed 7.5 psig required by 
CGA-341 therefore reinforcement Is not required. Note that the 
reinforcement provided by the nozzle neck In combtnatlon with 
the excess shell thickness Is probably suHlclent to satisfy the 
ASME requirements. 
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Stresses in Nozzle Dnd SheJJ (due to feedthru box} 

For conservatism, the 6-" schedule lOS pipe was assumed to 
carry the full load of the feedthr u box. 

p 

~. 


Max. bending stress in nozzle neck = Mcll 

I = 15.3 In4 
c = 3.3 In 
M = 500 Ib( 10 In)eos 60° = 2500 In-Ib 

Stress = 540 pSi, neg Ugible 

Stresses on shell due to radial load (Ref. 2. 4.3.1) 

l = 0.25 In 
r 0 = 3.3 In 

Rm = 27.5 in 

P = 500 sin 60° = 433 ]b 
B = 0.875 ro/Rm = O. ]05 

Gamma = Rm/l = 1]0 
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Me/P)t - 0.08 Mx/P)l - 0.084 

Mx/P)t = 0.05 M8/P)1 = 0.05 

-

Ne/CP/Rm»t = Nx/CP/Rm )l = 12 

Ne/CP/Rm» l = Nx/CP/Rm)t = 16 

Longltud1na 1 Axi s 


Stress = [Na/CP/Rm)l ][P/R T] + lMa/P)1](6P/T2]
a m 

= 3086 psi 

Stress = [NX/(P/Rm)l][P/RmT] + [MX/P)lU6P/T2]x 


= 4248 psI 


Transverse Ax1s 

= 4081 psi 

= 3086 psi 
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Stresses tn Shel I Due to Circumferential Moment (Ref.2. 4.3.2) 

Me/(Mc/RmB) = 0.08 MX/(MC/Rm8) = 0.044 

Ne/(Mc/Rm2B) = 4.3 

:: 7190 psi 

= 4601 psi 

Pressure Bending Stress 

The pressure bending stress can be assumed to be 1.5 
times the membrane stress (PR/tl. The membrane stress in the 
shell is approximately 5000 pst, therefore the pressure bending 
stress is approximately 7500 psi. 

Conclusion: The largest total stress (pressure bending stress, 
stress due to radial load, and stress due to cIrcumferential 
moment) occurs on the transverse axis and Is equal to 4080 + 

7190 + 7500 :: 18770 pst. The bending stress limit is 3 X S or 
45120 psi. The total stress Is less than half of the limit. 
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Weld DetojJ (fig. UW-16. ](1) 

w--- 8· 5ch. lOS 

ie---- 6· Sch. 1 OS 

12 

/ 

t 1 + t2 } 1.2Stm In 
t l,t2 > 0.7tmln 

= tn = O. 135­t m1n 

.1875- ... 1875- } 0.185- (1.2Stmin) K 

O. 1875- > 0.1036- (0. 7tm In) DI. 
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