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INIRODUCTION 

Eight (8) u-tubes, or transfer line jumpers, are to be assembled, tested, 

cleaned, and installed in the argon and nitrogen storage dewar piping at 

DAB. All jumpers have been assigned a D0 Cryogenic Piping Component 

Number and can be identified on the cryogenic flow piping schematic, drg. 

no. 3740-ME-222394. The design is essentially consistent with the rest of 

the cryogenic transfer lines within the building: a 1 1/2" NPS, St. StL 304 

process flow line and a concentric 3" NPS outer line of the same material 

which contains the insulating vacuum and superinsulation. All jumpers 

are provided with Cryolab bayonets and CVI insulating space 
pumpout/relief valves (model no.S listed on the drawings in the appendix). 

Two (2) nearly identical nitrogen dewar jumpers (Appendix, pps.l,2) 
provide liquid nitrogen to the transfer lines feeding the argon storage 
dewar and cryostat condensers. These jumpers, the only ones built at this 
time, will be pressure tested when the current line modifications are 
complete. 

"-'- A I" NPS Annubar® flowmeter is present in the argon storage dewar liquid 
argon jumper which flows to/from the line leading to the cryostats 
(Appendix, p.7). Cryogenic filters (see 3740.660-EN-188) are a part of this 
line, the gaseous argon line which essentially parallels the liquid line 
destination(App., p.6), and the condenser inlet line to the argon dewar. 
The filters are relatively heavy (approximately 70-80 lbs. empty) 
compared to the rest of the piping and are the largest contributor to the 
overall heat leak to the inner line. The filters have been separately 
pressure tested to 270 psig recently. 

The condenser inlet jumper (App., p.8) is the most complicated line. It has 
a cryofilter in addition to a cooldown/operate flowmeter assembly (see 
drg. no. 3740.5I3-ME-273812) containing a Cryolab CV8 series "Y" valve. 
Just the opposite is true at the other side of the condenser, the outlet 
jumper (App., p.3) is the simplest argon dewar jumper to analyze and 
build. 

Two jumpers are needed to connect the argon dewar to the tanker fill line: 
one routing liquid to the gas space of the storage dewar (App., p.5) for 
routine filling operations and the other allowing a pressurized dewar to 
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flow liquid upwards into a tanker (App., p.4) should the argon become 
contaminated and need to be exchanged. 

Where appropriate. Circle Seal valves relieve trapped volumes and A and 
N Corp. vacuum fittings (see App., p.40 for detail, not currently shown on 
jumper drawings) access to the inner lines of the jumpers. These vacuum 
fittings were selected for their ability to hold up to 100 psig, their ease of 
use, and their ability to maintain a low leak rate during pump and purge 
operations. 

STRESS ANALYSIS MODEL 

All jumpers were fITst modeled (see App., pps. 10-15) using height 
dimensions that would provide the necessary clearance to easily view 
gages and not interfere with other dewar piping. A survey team provided 
the centerline to centerline distances of the female bayonets and the 
angular displacements (App., p. 16) and orientation of the existing argon 
dewar and mating flanges. Pages 17,18 in the Appendix outline most of 
the data used in the models. The effect of internal pressure was ignored in 
the analysis since it was much smaller than that due to thermal 
contraction. 

The inner line of each male bayonet connection is welded to a rigid end 
plate which is tightly fixed into position by the inner diameter of each 
inner female bayonet (App., p.19). The outer piping of each line is rigidly 
terminated at each bayonet flange connection. Therefore, the model 
conservatively fixes the inner line end at the end plate and the outer at 
the flange which is several inches above this plate. 

The cryofilters have a similar end plate. But to simplify the model, the 
inner and outer line are attached to this plate and are allowed to swing 
free. In order to conservatively compensate for the extra weight of the 
filter assembly not accounted for, a 70 lb. flange is hung on the outer 
piping at the same location as the o-ring flange. To reduce the thermal 
stresses due to length differences between the filters and vertical legs, and 
to ease installation, all cryofilters are located at the midspan between the 
jumper legs. 

Modifications to the model of the standoffs, or 1/2" NPS non-process flow 
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connections at the comer tees, had to be made to compensate for the axial - thermal gradient from liquid nitrogen to room temperature. The length of 
these standoffs was halved and the wall thickness was also substantially 
reduced to allow the same amount of movement in the rest of the piping 
allowed by the original length . The same provisions were made for the 
support tube of the extended bonnet of the Cryolab valve, part of the 
cooldown/operate flowmeter assembly (see App., pps.22,23). The small 
1/2" NPS branch of that assembly was neglected in this analysis. 

ANALYSIS and RESULTS 

A number of analytical methods were initially employed to determine the 
maximum stresses and displacements encountered in the piping 
throughout the jumpers after the inner line had reached liquid nitrogen 
temperatures. The ANSYS® method was used because it takes into account 
many variables, the output tends to be more realistic and less conservative 
than the other simple approaches investigated (a comparison is shown in 
the Appendix, page 41 for one simple case). ANSYS® easily allows angular 
displacements to be a part of the input. This was either awkward or a 
non-existent feature for the other methods of stress analysis. 

The only areas of concern in the piping displacements are at the comers of 
the jumpers. After looking at the worst case displacements (long vertical 
and horizontal span), it appeared that the inner pipe elbow cleared the 
outer miter joint by a only a few mils. To be on the safe side, all elbows 
were changed to short radius. Although this introduced a 25% increase in 
the stress level at the elbow, it is clear from later discussion that this is not 
a problem. 

All jumpers, with the exception of the nearly identical nitrogen jumpers, 
are assigned a unique pipe run number 1-7. A liB" next to the numeral 
indicates that bellows are included in the outer 3 in. jackets and a "D" 
indicates angular displacements were accounted for at the ends of the legs. 
"BD" means that both of the above are included. A dash next to the 
number indicates that there are no angular displacements nor bellows 
assigned to that run. The small 2" OD bellows are included in all runs with 
standoffs. 

". All stresses listed on page 22, 23 of the Appendix are those greater than 
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12,750 psi (nodes found in App. pps. 24-31). According to the rules in 

ANSI! ASME B31.3 Piping Code (ref. 1), these stresses are large enough to 

place limitations on the thermal cycles that the jumpers will undergo 

(TP304, fusion welded piping). The stresses represented by the bold 

numerals are those that have exceeded 25,500 psi, the maximum allowable 

thermal stress limit. Even at this maximum value, the Code allows 7000 

cycles. The number of full temperature range thermal cycles that we 

expect to see for a given line is about two orders of magnitude less than 

this number. 


All stresses followed by an up arrow character (A) are false due to the 

inherent flaws of the model. By thinning the pipe walls and shortening the 

length of standoffs in the model, a stress 4Xs larger resulted. At the tee 

junctions of the model, one branch was reduced by ANSYS® to the 

diameter of the standoff at the vertex of the tee which introduced a 

unrealistically high stress intensity. Lastly. another reason to discount 

these stresses is that ANSYS® does not credit the bellows with the ability 

to take lateral displacements-which clearly the 2 in. bellows are capable of 

with a minimum of effort. 


For pipe runs 1-5, none of the stresses determined by the ANSYS® output, 

except at standoffs, exceed the maximum allowed by the Code. Run 5, the 

gaseous argon jumper, does have stresses that will limit the number of 

cooldown cycles to 7000. Runs 6 and 7 clearly indicate that bellows are 

needed to keep the stresses from exceeding the maximum allowed. 


The Achilles' heel of these jumpers appears to be at the inner line weld 

connection to the bayonets (see App., pps. 19,42-43). Others from around 

the Lab have experienced problems with this weld cracking on transfer 

lines. From calculations using allowable stresses from the AISC for the 

strength of welds loaded in shear, the maximum allowable moment in the 

XZ plane is 1300 in-Ibs. This maximum will even be lower for appreciable 

axial forces. 


Another soft spot occurs with the outer line also at the bayonet. If we use 

the v-band retainer couplings currently stocked at Fermilab, Voss PN 

1185-090BA, the maximum allowable moment in the XZ plane is 1000 

in-Ibs given that the axial forces are low (see App., p.44). This is based on 

a 300 psi maximum operating pressure and a 3-4 factor of safety given by 

a company representative. 
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For a given horizontal displacement. the inner line stresses can be reduced 
linearly with a reduction in pipe diameter and are proportional to the 
length of the vertical leg squared in the simple lines without filters. 
Reducing the diameter will also add pressure drop to the piping and 
increasing the leg lengths will make the u-tubes more awkward to install 
/remove and could be counterproductive for the lines with filters. 
Furthermore. none of these solutions remedies the problems with the 
outer piping. 

By allowing a female bayonet on one end to "float" (relatively unrestricted 
motion in the horizontal plane), we can virtually eliminate all stresses at 
the bayonets. A much smaller moment will still be present at the bayonet 
due to the weight of the piping and filter (630 in-Ib worse case). Floating 
the bayonets can be accomplished fairly easily by modifying the 
building-side piping supports to give us this movement and to ensure that 
all u-tubes have bellows allowing the inner piping to contract. All u-tubes 
will be constructed in situ-this will help alleviate additional stresses due to 
length mismatches, line skewing, etc. 

Approximate heat leak values have also been calculated for all jumpers 
(App., pA5). Most values obtained were scaled from Cryolab Technical 
Data Bulletins (refs. 2,3). The estimate obtained for the filter was based on 
a similar 3"X5" bayonet assembly. No effort was made to determine the 
impact of this heat input to valve sizing, heat exchanger effectiveness, etc. 

CONCLUSIONS 

ANSYS® is a useful tool when looking at slightly complicated, relatively 
large diameter, u-tubes such as the ones to be built for D0. The other 
analysis methods studied are useful to check the ANSYS® output and for 
simple u-tubes when a very conservative result is acceptable. 

Future bayonet designs should have more moment resistance where the 
inner line attaches to the bayonet; perhaps a completely redesigned weld 
prep. For our piping, the simplest way to relieve the bayonet/clamp 
stresses due to these moments, is to allow horizontal movement in the 
building-side piping and provide bellows on the outer line of the jumpers. 
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APPENDIX 

Argon Dewar Condenser, LN2 Supply V-Tube drg. 
Cryostat Condenser, LN2 Supply V-Tube drg. 
Condenser Outlet V-Tube drg. 
LAr from Tanker V-Tube drg. 
LAr to Tanker V-Tube drg. 
GAr to/from Cryostats V-Tube drg. 
LAr to/from Cryostats V-Tube drg. 
Condenser Inlet V-Tube drg. 
LN2 supply to Condensers Model 
Condenser Outlet V-Tube Model 
LAr from Tanker V-Tube Model 
LAr to Tanker V-Tube Model 
GAr to/from Cryostats V-Tube Model 
LAr to/from Cryostats U-Tube Model 
Condenser Inlet V-Tube Model 
Measured Bayonet Displacements 
Argon V-Tube Stress Analysis Data 
Bayonet Assembly 
Model Y-Valve w/ANSYS 
V-Tube Stresses 
LN2 supply to Condensers Node Locations, Inner 
LN2 supply to Condensers Node Locations, Outer 
Condenser Outlet V-Tube Node Locations, Inner 
Condenser Outlet V-Tube Node Locations, Outer 
LAr from Tanker V-Tube Node Locations, Inner 
LAr from Tanker V-Tube Node Locations, Outer 
LAr to Tanker V-Tube Node Locations, Inner 
LAr to Tanker V-Tube Node Locations, Outer 
GAr to/from Cryostats V-Tube Node Locations, Inner 
GAr to/from Cryostats V-Tube Node Locations, Outer 
LAr to/from Cryostats V-Tube Node Locations, Inner 
LAr to/from Cryostats V-Tube Node Locations, Outer 
Condenser Inlet V-Tube Node Locations, Inner 
Condenser Inlet V-Tube Node Locations, Inner Profile 
Condenser Inlet V-Tube Node Locations, Outer 
Condenser Inlet V-Tube Node Locations, Outer Profile 
A&N Corp. Vacuum Couplings 

"....... 


Single Case Comparison of Various Analytical Approaches 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17, 18 
19 
20,21 
22,23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
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Stresses at Bayonet End Weldment 42,43 

Max. Bending Moment for V-Band Coupling 44 

U-Tube Transfer Line Heat Leak . 45 
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Measured Bayonet Angular Oisplacements 

Pipe Run 	 Leg U-Tube Description Theta(x) Theta(z) 

20B 	 R GN2 FROM CONOENSER -0.3 0.2 
L -0.5 0.3 

30B 	 R LAr FROM TANKER -0.3 0.2 
L -0.2 -0.2 

40B 	 R LAr TO TANKER 0.1 -0.4 
L 0.3 - 0.1 

50,50B 	 R GAr/CRYOSTATS -0.4 0.1 
L - 0.1 -0.8 

60,60B 	 R LAr/CRYOSTATS 0.1 0.2 
L -0.1 -0.4 

70,70B 	 R LN2 TO CONDENSER 0.3 -0.6 
L -0.4 0.2 
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Argon U-Tube Stress Analysis Data 

Stainless Steel. TP304 
elastic modulus ....................................................................................................... 29E6 psi 
expansion coefficient.. .................................................................................... 79 E-7 °R-1 
cooldown temperature range ................................................................................. 380 oR 

~ 
expansion coefficient. ..................................................................................... 55E-7 °R-1 


1-1/2 in. NPS. sch 10 pipe 

outer diameter ........................................................................................................... 1.900 in 

thickness ...................................................................................................................... 0.1 09 in 

moment of inertia ................................................................................................... 0.247 in4 

weight of pipe ......................................................................................................... 2.08 Ib/tt 

weight of argon ...................................................................................................... 1.35 Ib/tt 

weight of nitrogen ............................................................................................. 0.777 Ib/tt 


1-1/2 in. NPS. sch 10 fittings 

90 deg., S.r. elbow, radius of curvature .............................................................. 1.50 in 

eccentric reducer to 3/4 in. NPS length ............................................................ 2.50 in 

tee, midpoint to end length ...................................................................................... 2.25 in 

thickness ....................................................................................................................... 0.109 in 


3 in. NPS. sch 10 pipe 

outer diameter ........................................................................................................... 3.500 in 

thickness ...................................................................................................................... 0.120 in 

moment of inertia ................................................................................................... 1.822in4 


weight of pipe ......................................................................................................... 4.33 Ibltt 


3 in. NPS. sch 10 fittings 
tee, midpoint to end length ...................................................................................... 3.38 in 

3/4 in. NpS. sch 40 pipe 

outer diameter ........................................................................................................... 1.050 in 

thickness ...................................................................................................................... 0.113 in 

moment of inertia ................................................................................................. 0.0370in4 


weight of pipe ......................................................................................................... 1.13 Ib/tt 

weight of argon .................................................................................................... 0.323 Ibltt 

weight of nitrogen .............................................................................................. 0.187 Ib/tt 


0) 




1/2 in. NPS. scb 40 pipe 

outer diameter ........................................................................................................... 0.840 in 

thickness ...................................................................................................................... 0.109 in 

moment of inertia ................................................................................................. 0.0171 in4 

weight of pipe ....................................................................................................... 0.671 Ib/ft 

weight of argon .................................................................................................... 0.185 Ib/ft 

weight of nitrogen .............................................................................................. 0.1 071b/ft 


6 in. OD tube 
thickness ...................................................................................................................... 0.120 in 
moment of inertia ....................................................................................................... 4.94in4 

pipe bellows 
2 in NPS spring rate ............................................................................................... 290 Ib/in 
3 in. NPS spring rate (braided) .......................................................................... 750 Ib/in 



female 
bayonet 

fillet welds 

not to scale 

V-Tube Bayonet Assembly 


model as 
stiff plate 

3" sch 10 

1 1/2" sch 10 

.."0 
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U-Tube Stresses 

Pipe Run Date Max. stresses, nodes 	 Max. XZ Moments, nodes ,....... 
1 B 6/14/89 2600, 1 2400, 10 

2B 6/14/89 	 970, 1 
1780, 8 
330, 13 810, 18 

2DB 6/14/89 	 4500, 1 2200, 8 
330, 13 810, 18 

9113B 6/14/89 23100, 1211 53400, 3200, 1 1500, 8 
3 11251000, 	 180, 13 

1100, 18 

3DB 6/14/89 34300, 1211 92200, 9 11 350, 1 340, 13 
3 11403000, 	 2900, 8 2300, 18 

4B 6/14/89 23200, 1211 51700, 911 2700, 1 

3 11
241000, 	 250, 8 

1400, 13 3000, 18 

4DB 6/14/89 13100, 1211 84200. 3 11 	 2400, 1 2800, 8 
1500, 13 1600, 18 

!"'. 
5 6/14/89 13000, 5.5 13700, 6 3200, 1 2600, 9 

13.700, 6 13900, 6.5 1600, 14 1500, 22 
131113500, 7 49100, 

1011132000, 580000, 8 11 

10115B 6/14/89 53600,13 11 135000, 2600, 1 2000, 9 
8 11624000, 	 1500, 14 2600, 22 

5D 6/14/89 21700. 	1 12800, 9 5600, 1 3300, 9 
1311 101142800, 122000, 4000, 14 2200, 22 

8 11517000, 

5DB 6/14/89 23300, 1 47000,13 11 6000, 1 3200, 9 
8 11125000,1011 559000, 	 4300, 14 2300, 22 

6 - 6/14/89 22600, 30 23200, 5 1500, 1 1500, 14 
22000, 5.5 16300, 6 250. 8 290. 22 

101123500, 31 30900, 
131113000, 8 53400, 

15200, 24 14800, 18 
45100, 3 

1311 10116B 6/14/89 14400, 36900. 	 560. 1 110, 9 



60 

70 

u-Tube Stresses 

161000, 8" 	 40, 14 710. 22 

6/14/89 	 17000. 1 
26700, 5 
20600. 6 
23800, 31 
16900, 12 
19000, 8 
15900,18 
45400, 3 

60B 6/14/89 19000. 13" 
207000. 8" 

7 ­ 6/14/89 33600, 36 
26600, 5.5 
14600, 6.5 
14600, 12 
19500,13 
19800, 25 
391000, 14" 

57300, 3 

7B 6/14/89 44500, 14" 

22300. 30 
26000, 5.5 

34400, 10" 
21400, 9 

71100,8" 
15800,18 

45100. 10" 

27700, 5 
32400, 37 

22000,6 
18600, 12.5 
21100,16 
16300, 18 

64100,31" 
30900, 14 

46100, 32" 

6/14/89 	 17300, 1 18500, 6.5 
31500, 5 
30500, 5.5 
16500, 12 
21500, 13 
28700, 14 
27900, 18 
17900, 20 
61300, 31" 
33600, 36 
20700, 40 

70B 	 6/14/89 129000, 14" 

26000, 6 
20600, 12.5 
23700, 16 

32900, 19 
32800, 37 

362000. 14" 
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380. 1 62. 18 
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960, 21 
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3740.5JO-EN-220 Storage Dewar V-Tube Design June 26, J989 

SINGLE CASE COMPARISON OF V ARIOUS ANALYTIC 

APPROACHES 


CASE: XZ MOMENT AT LEFf BAYONET CONNECTION, NODE 1, PIPE #2 
(condenser outlet jumper) 

APPROACH Mxz (in-Ibs) 

Roarke and Young (case 5q) 1020 

Hand calculations (rigid comers) 5200 

Hand cales. + Roarke and Young (case 5c) 1850 

Grinnel 1980 

970 
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