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MuCool 
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Design/Manufacturer 

Fermilab ES&H 
02/2002 

EXHIBIT 

Vessel Engineering Note 
(per Fermilab Manual Chapter 5033) 

Prepared by R. J. Woods Date 11/15/06 

Reviewed by Date 

Head Date 

1. 	 Identification and Verification of Compliance 

Fill in the Fermilab Engineering Conformance Label information below: 

This vessel conforms to Fermilab Manual Chapter 5033 

Vessel Title Bayonet Box 
Vessel Number 
Vessel Drawing Number ME-435320 BAYONET BOX OVERALL ASSEMBLY !! 
Internal MAWP 
External MAWP 
Working Temperature Range -20 

Fermi Lab - Particle Physics Division 
Date of Manufacture 
Acceptance Date 

Director's signature (or designee) if vessel is for manned area and requires an exception to the 
provisions of this chapter. 

Amendment No. Reviewed by: 	 Date: 

Laboratory location code 
Laboratory property number 
Purpose of vessel 

List all pertinent drawings 

Manual 5033-1 
Revised 
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ES&H 

02/2002 

Drawing No. (SEE ATTACHED DRAWING LIST) Location of Original 

2. Verification 


Provide design calculations in the Note Appendix. 


3. 	 Svstem Venting: Verification 

Can this vessel be pressurized either internally or externally? Yes 	 [ X No 
I f  "Yes", to what pressure? 

List all reliefs and settings. Provide a schematic of the relief system components and 
appropriate calculations or test results to prove that the vessel will not be subjected to 
pressures greater than 110% beyond the maximum allowable internal or external pressure. 

Manufacturer Relief Pressure Setting Flow Rate 
CVI VACUUM SEAL-OFF 1" 1/8 FNPT 
VALVE # V-1046-31 for TC 

Size 

4. 	 Procedure Section 

Is an operating procedure necessary for the safe operation of this vessel? 
"Yes it must be appended) [ Yes X No 

Is a testing procedure necessary for the safe acceptance testing (acceptance testing) of this vessel? 
[ ] Y e s  
I f  "Yes", the written procedure must be approved by the division head prior to testing and 
supplied with this Engineering Note. 

5. 	 Welding Information 

Has the vessel been fabricated in a Fermilab shop? [ Yes 	 [ No 
I f  "Yes," append a copy of the welding shop statement of welder 

6. 	 Excevtional, Existing. Used and Non-Manned Area Vessels 

Is this vessel or any part thereof in the above categories? [ 
I f  "Yes" follow the Engineering Note requirements for documentation and append to note. 

No 

Fermilab Manual 5033-2 
Revised 
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CRYOGENIC SYSTEM BAYONET BOX ASSEMBLY 

M 

435459 

435460 

435461 

435462 

435463 

435464 

435520 

435498 

!! 20K PIPING SUB-ASSEMBLYdd 

dd SPIRAL TUBE FOR 14K PIPING 

dd SPIRAL TUBE FOR 20K PIPING 

bb SPIRAL TUBE FOR LN2 PIPING 

bb dd ADAPTER PLATE, 2.88 OD .75 ID 

dd ADAPTER PLATE, 2.88 OD 1.OO ID 

aa LN2 SUPPLY PIPE, 4" x 16.50, SCH. 

aa END PLATE, 4.50 OD x 4.01 ID 
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Fermi Accelerator Laboratory 
Engineering 

Stress and Displacement of Bayonet Box Top Plate 

Zhijing Tang 

October 18,2006 


Bayonet outer box top plate is 84 inch long, 25.75 inch wide, and 0.62 inch thick. It is 
made of stainless steel 304. There are quite a few holes drilled on it. It is subjected to 
vacuum pressure load. Besides that, on seven top row 2.25 inch holes each has 50 lb 
weight. We calculate the load on each hole as follows: 

Where D is the diameter of the hole, 14.5 psi is the atmosphere pressure, is the 
number of nodes on the hole, f is force on each node. hole of D 6.5 in, 32,f 15 
lb; 5 holes of D 1.625 in, n 16,f 1.88 lb; 3 holes of D 2.75 in, n 24,f 3.6 lb; 7 
holes of D 2.25 in, 24,f 2.4 lb; 7 holes of D 2.25 in, 24, plus 50 lb weight, f 
= 4.5 lb. 

Boundary conditions are simply supported but no rotations. Conditions on the holes are 
divided into two cases: One without constraint, and one rotation at hole is set to zero. 
Stress and displacement are calculated for each case. The real situation may lies between 
these two cases. 

Max Disp (in) Max stress (psi) 
1 No constraint 0.02764 11549 
2 No rotation 0.01 124 23748 

The maximum stress of 23748 psi in the second case may seem a little too large. This is 
mainly due to the over constraint at the hole. The real boundary condition at hole may 
rest between these two extreme cases, and we expect the maximum stress below 18000 
psi. 
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C - K . 4  .K, = 356.0.795-[(65+14.7).1.1].1.& 

dewar's 
20k 

7.A.3. 57A.2.a 97.A2.d 
~ ~ c i e n t  '&ll 1 M A W  

~pedpedmpttm-disk~pressure deg.F 
150%(MAWP+ BS&B 

total 
dewar 

y l l o r v ;  

/"C  ̂ Zb 
& - c a ~ a c i @ ~ ~ ~  0.00024 -1 - - 

' t ,  s IS 

7.k6. dewars 
two sets identical 

inlet 57.A.2.b. lo& Ib/hr 
@ l b h  @ psia. 

SUMMARY 
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GALLONS/MIN RAD 
POUNDS/HR 0 0.0 

LB/CU.FT 
0.0 

DEG.F. - 
--HEAD-.LOSS, FT-- - -  . - TEELDW-CH - - _  0 _--.-..-.. 0,0----.-,,-,- 

DIA.,IN. 
--vF.i-LoC-ITYi -FT-/= - - PXpE .EXIT - .- -- - -- - 3 ---- - - - - -xO :-6--- - 

GATE/BALL VALVES 0 
0 0.0 

FT 0.0 

DROP/~OO FT 0.0 
FT 

==2=======-5----======B=r==p==='P==============================a======= 

HL\...\ I  Appendix Rev. March 6. 1995 

F 	 + 460) 1 
in2 =0.1 

7.A.2.e. No additional (except tanker fill) external sources exist to pressurize the dewars. Plant 
production will not bring the pressure over 65 psig since the Nitrogen Plant is limited at 65 
psig with dewars pressure reliefs. 


As it is shown above in 
 through 
 the flow capacity of each of the relief is 
to ensure that the vessel pressure not exceed 10% of for fire, loss of vacuum, 

and pumping overfill combined. Then the at 70 must be less 
than 15)-15 = 120 psig. The installed rupture disks are 2" type RB-90set at 

nine (9) 4" parallel plate reliefs for vacuum jacket. The discharge area for each 
relief is 7.069 in2, and available area is 63.62 in2, which is more than the area required. The 
minimum required discharge area for vacuum reliefs installed on the should be (according to 

7.A.5. 	 There is no rupture 

The inlet and vent piping of relief devices provide for proper performance.11k 

= 0.00024 = 1,000 -8.345 =22.03 in2 

gal 

have 
of relief devices with 2" Worcester diverter valve incorporated into the flow path. 

The losses in the piping are shown in The vent are 0.725 psi for 4399 of 
saturated gas flow 15 psia, plus 0.08 psi for 18,752 of saturated liquid 15 

LIQUID PIPELINE SIZING 


. 
VALUES OF PIPELINE SEGMENT FITTINGS 	 NO. EQ FT 


46 90 DEG SHORT 1 4.1 
18752 90 DEG LONG RAD 

DENSITY, 50.43 45 DEG ELBOW 0 0.0 
VISCOSITY, CP 0.15 180 DEG ELBOW 0 
TEMP, -320.0 TEE THRU 0 0.0 

INTERNAL 
 2.469 PIPE ENTRANCE 0 0.0 

. 3.1 


PIPE EPSILON, IN 0.0018 
 0.0 

REYNOLDS NUMBER 320255 BUTTERFLY VALVES 

FRICTION FACTOR 0.019349 GLOBE VALVES 0 
 0.0 

PIPE LENGTH, 
 1.0 CHECK VALVES 0 

EQUIVALENT FT 15.7 REDUCTN DIA, IN, 0.0 0.0 

PSI 
 0.4963 ENLARGE DIA, IN. 0.0 


. 	 0.0TOTAL 	PSI DROP 0.08 MISC EQUIV. 
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Fermi National Accelerator 
I Support IEngineering 

Valve Box under Vacuum Pressure 

Zhijing Tang 

February 1 1,2005 

The valve box under vacuum pressure is analyzed using finite element method. The box 
is 72 inch long, 27 inch wide and 31 inch high. The material is inch stainless steel 
304. There are seven tubes with diameter 2 inch on the top, each weighs 15 lbs. In 
addition to that there is 50 load on each tube plus vacuum suction. So the total load on 
each hole is about 1 11 lbs. 

is the stress plot, Fig. 2 is the total displacement and Fig.3 is the z-direction 
displacement. 
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Volve box under vacuum pressure 
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TABLE ULT-23 
MAXIMUM ALLOWABLE STRESS VALUES I N  TENSION FOR 5%, 8%, AND 9% NICKEL STEELS, TYPE 304 STEEL, 

AND 5083-0 ALUMINUM ALLOY AT CR 

5% Nickel Steels 


Plates: SA-6452 


Welded Construction3 
Nonwelded 

Construction, ksi UTS 100 ksi UTS 95 ksi 

-320 37.7 34.0 32.3 -320 38.4 34.0 32.3 
-300 34.5 33.2 31.6 -300 37.2 33.2 31.6 
-250 32.4 31.8 30.3 -250 34.8 31.8 30.3 
-200 31.5 30.6 29.1 -200 32.6 30.6 29.1 
-150 30.2 29.3 27.8 -150 30.6 29.3 27.8 
-100 28.8 28.1 26.7 -100 29.0 28.1 26.7 
- 50 27.4 27.1 25.8 50 27.7 27.1 25.8 

0 23.7 23.7 23.7 0 25.0 25.0 23.7 
100 23.7 23.7 23.7 100 25.0 25.0 23.7 

8% and 9% Nickel Steels 

Plates? SA-353, SA-553 Type I,and SA-553 Type 
Pipes and Tubes: SA-333 Grade 8 and SA-334 Grade 8 

Forgings: SA-522 

Welded Construction 
Nonwelded 

Construction, ksi UTS 100 ksi UTS 95 ksi 

TYPE 304 STAINLESS STEEL 


Specified Minimum 
Strengths at  

Room Temperature 
Maximum Allowable Stress, ksi, for "F, Not Exceeding 

Spec. Tensile, Yield, 

No. Grade ksi ksi -320 -300 -250 -200 -150 -100 . -50 0 100 




-0 rl ----- -- 0, 694%0~ A-A 






















Mucooler 

X 

0E-05 
E =  2.80E+07 

= 
= 

inchW 

3*E*I*AULA3), 
= P*L) = 

M*(OD/2)/1), = 

Ib 

= 

< WILL 

LN2 Box Tubing Contraction Analysis 

Section Length between ends (width) Y (height) Z (length) 

-9.75 
19.5 
-10 

7 

-1 1.25 
-1 0.75 
13.218 
13.032 

-71.5 
76.5 

-76.5 
76.5 

-66.75 
Effective length between fixed ends 6.75 4.25 -61.75 

Stainless steel tubing properties 
cte = 1.1 per K 

psi 
OD = 1 inch 
ID 0.902 inch 
wall t 0.049 inch 
I= 0.01 65939 
L = 26.25 inch 

AX, inch Ay, inch AZ, inch Resultant, AL, due to AX and AZ 
0.01 6038 0.01 0098 -0.14671 8 0.1 47592 inches 

WORST CASE ANALYSIS 

Assuming all AL occurs at the outlet tubing that has the longest L of 26.25". 

This displacement will create a cantilever-mode bending stress on the tubing at top wall connection. 


Force P created due to displacement AL, (P = = 11 
Bending moment, M, created (M 299 inch-lb 
Bending stress, S (S = 8,996 psi 

Allowable stress, Fb, for 304 stainless steel tubing 18,800 psi 

AS BENDING STRESS IS THE ALLOWABLE STRESS, TUBING BE OK. 
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THERMAL 

Tor 

300°K. 
4% curve ( P ~ ) C U  

;OK. 

more 16 

- 
cm2 

= 
A thermal watts/cm- O K  

temperature O K  

To ( 6 " ~  [PbICu [T'eICu; 
4°K 

T h e m  

OK 

6 
t; 

10 
15 
20 
2 
30 

40 

50 
io 
70 
76 
50 

90 
100 
120 
140 
la 
P o  

2 50 
300 

Thermal 

Hi-Purity 
h e a l e d  

70 
96 

120 
134 
120 

Q 

12 
e .o 
6.2 
5.7 

2 

4.3 

4.1 

4 .O 

4.0" 

23 
2 
2 
22 

15 
10 

5 .I 

4.5 
4.3 

4.2* 
4.2* 

watts/cm- 

-2 

11 

1 3  

13 

G 

7.0 

5.5 
5.2 

4 3 

.O 

.o* 

O K  

2 . 4 ~  
3.7" 
4.7* 
6.0* 
8.5" 

11 
12 
12 
11 

5 
5.2 
4.9 

4.7 

4.3 

4.0* 

(Pb) 

2.7" 
3 . 6 ~  
4.5" 
6.3" 

2 
9.6 

9 

4.5 
4.3 
4.0* 
3.8* 
3.7' 
6;' 

3.5.5 

3.6* 
3 . 3  
3 . 3  
3.6" 

( ~ e )  

-7 R 

7 . 7  
6.6 

5.2 
4.9 
4.u 

3.6 
3 .t! 

3 . 6 .  
3.8 
3.8" 
3.8* 

CONDUCTIVITY INTEGRALS 

COPPERS 

Comments: The s i x  curves were extrapolated t o  The curve f o r  
G.F.H.C. was extrapolated t o  and the f o r  was 
extrapolated t o  It i s  estimated t h a t  the extrapolated 
values do not deviate than from the  probable values. 

Where: 
Q heat flow i n  w a t t s  

A = cross sect ional  area i n  

L 
 length i n  cm 

= conductivity i n  

T = i n  


= i n i t i a l  temperature for and 
f o r  ail other  coppers) 

Conductivity Integrals  are  on following page. 

Temp. Conductivity 

Coalesced T.P. O.F.H.C. Cu Cu 
4 6.2 

10. 
3 
4.8 2.2 

14. 0.3 2.G 
17.5 7.8 3.4 

5.0 

5 
83 

40 

4 
3 14 

14  

* 8 * 
9 

6.5 
7 3 

I 

35 28 
20 

18.5 
11.5 10 

9.5 7.9 

7.8 
8. 7.7 

6.2 
6.9 
5.5 5.8 

6.5 
6.0 

5.9 5 4.7 

5 5.7 

4.7 
4.5 4.8 

4.7 
4.5 4.5 

4.3 
4.2 
4.0 

4.2 4.2 4.2 3. 
4.2 4.1 4.1 

4.0 4.2 4.0 4.0 
200 4.2 4 4.0 

4.0 4.0 4.0 
4 

* Extrapolated Values 

1 
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