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Pressure rating calculations were done for some of the chimney and control dewar
components. This engineering note documents these calculations.

engineering calculations for each of the components follow.

Component

Chimney: Obround vacuum shell
Chimney: 8" sch. 10 vac. shell
Chimney: 10" sch. 10 vac. shell
LHe supply tubing

LHe return tubing

LN2 tubing, aluminum

LN2 tubing, stainless

Control dewar 36" © vac. sheil

Control dewar 12" © LHe vessei

TABLE 1:

Internal
pressure
Rating
52 psi
445 psi
398 psi
>1600 psi
1387 psi
2087 psi
>2100 psi
102 psi

365 psi

Summary of ratings

External
pressure
Rating
52 psi
100 psi
72 psi
n/a

n/a

n/a

n/a

32 psi

n/a

Code used
Internal

ASME; Appendix 13
ASME; UG-27
ASME; UG-27

ANSI B31.3

ANSI B31.3

ANSI B31.3

cale. r;ot done
ASME; UG-27

ASME; UG-27

The table below
summarizes the components looked at, and what pressure rating are.

The raw

Code used
external

ASME; Appendix 13
ASME; UG-28
ASME; UG-28

n/a

n/a

n/a

n/a

ASME; UG-28

n/a
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St Input

.148

4.164
220

28000000
12800
1

110.3582 psid

in
8.624 in
in
in
445.44771 psid
psi
psi
UG27cl1 -
.148 in

.07185404 in

comment

DO chimney vacuum Jjacket
Mat'l: Welded pipe

304 Stn. Stl. Sa=16.0 ksi
For Fermi S=Sa*(.8

Collapse Pressure

Thickness of Shell

Outside Diameter of Shell

Inside Radius of Shell

Distance Between Stiffening Rings
Internal Pressure

Modulus of Elasticity

Maximum Allowable Stress per CODE
Joint Efficiency

Applicable Code Paragraph (int. pres.)
Thickness per UG-27 cl

Thickness per UG~27 ¢2



FERMILAB SECTION PROJECT SERIAL -CATEGORY | PAGK
# ENGINEERING NOTE RD"D¢ PeRACE | 3823.111
susJECT NAnE NS K]
8" PIPE PResSORE RATING | 2SS RucNsK
: 4/26/93 ~

E TUBE SALES

Piex B" scr.\0 PiPe, 304 s™. STL. %zFOMMe:b }
" - 0 .
= B.625 -{;wﬁw AHe w::‘o‘-}li;&&t’z.

WeLoes PifPg WI3I0HLA-312

INTE AL PRE&SS vRE , UG- 27 (1986 eoitiod oF AsMe code)

‘:, :Siifib €5 EE ! CP C) F(!S\
i B+ 0.6t Taale UMA-23 , WELnsO PiPe

UNS» S20400 . PEE No—e 4.
THE MOAXIMUM B ecawa @ UL, STRGS g
WLLUOES A QoiNT E®fE Cr&AIeY

FERM\ 1o -HOVSE FACTOR 0F 0.B%., <ET UG-3la C_M&&hsamaﬂ

s
o (0B 16,000 pai)( - 4B 1) - &45 Psﬂ
(4.14 Sw) + (o.(o\(-i‘ﬂ‘&mb T

Exreastm. PRessurL, UG-2%

DO/t-z 5&.% -0 VUSE  Fla. S -UMA-Z8.\ PER maLt ~
UWa.13,
L = 220 v Mﬁt”‘ SPMZ .
BET e [E = 28.0c10¢ Psa}
L ~
/by = 25.5 P Ariowniis
1 NPT * WZT&?
‘ﬂ = 0.000%3 pea Fla. 5-U&0 -28.0 PRESSULE
"B = 4500 fpa Fio. S-UHm-28.4
Pas P52 D 025, = (106
3(%4) 7 3 (5.2
THE EXTCewmal. eressurE Case DOgS NOT INCLUDBE Amnvw  FERMA
FACTOR - FEAMY REQUINES DESIon Foll 30 psip
“—'
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L R.Rucusii S/18/93,
St Input Nane Qutput Unit comment, Eavl‘S/zs/qg

DO chimney, 10" vacuum jacket

Mat'l: Welded pipe, Sa=16.0 ksi

304 Stn. Stl. Sa<16.0 ksi

Mat‘*l: Plate, Sa=18.8 ksi

For Fermi S=Sa*0.8

Pc 104.10955 psid Collapse Pressure
.165 t in Thickness of Shell
10.75 D in Outside Diameter of Shell
R 5.21 in Inside Radius of Shell
220 L in Distance Between Stiffening Rings
P 397.81503 psid Internal Pressure
28000000 E psi Modulus of Elasticity
12800 s psi Maximum Allowable Stress per CODE
1 Ej ——— Joint Efficiency
Cl 'uG27c¢l ——— Applicable Code Paragraph (int. pres.)
tl .165 in Thickness per UG-27 ¢l
t2 .08046144 in Thickness per UG-27 c2

Exteamm. PREssSWRE, (g - 28

107 |
Loy, = 5”.’;@5-‘ 5.1 Y10

L2 220w
. 2z
/a2 TT%oas = 205
USE  Fig. 5-u60-28.0 To Ger A A =.0002%
USE Fie 5-0UWA-23,| 75 Ger B B=23500
A8 4{2300) +— |
§> - = - \ .
SN A 7| T2 psi
~ + > (¢=5.1/ \




2 Rule
"Cylindrical Vessel under external pressure
"per CGA 341
Pc=2.6%E* (£/D)"2.5/((L/D)~0.45*sqrt (t/D))

"Cylindrical Vessel under internal Pressure
“per ASME BPV VIII div.1l UG-27
if P<0.385*S*Ej then Cl='UG27¢l
* 1f and (P<1.25*S*E4,P>0.385*S*E]j) then Cl='UG27c2
t1=P*R/ (S*Ej-0.6*P)
t2=P*R/ (2*S*EJ+0.4*P)
if Cl='UG27¢cl then t=tl
* 1f C1l='UG27c2 then t=t2
D=2* (R+t}



SL Iopub Name Quiput Unit Comment,
LHe supply tubing-bounding case
R. Rucinski 5/25/93

P 1600 psig Internal pressure (external 0 psig)
1.25 D in Outside diameter
8 S ksi Basic allowable stress
1 E — Quality factor
4 Y — Table 304.1.1 coefficient (typ. 0.4)
d 1.0185185 in internal diameter for t3d
t3a .11574074 in Thickness from equation 3a
t3b .125 in Thickness from equation 3b
t3c .11468%64 in Thickness from equation 3¢ (Lamé Equat
t3d .11574074 in Thickness from equation 3d
.125 t in max of equations 3a, 3b, 3c, & 3d

Check "Walid Answers  Check validity of equations



SERIAL -CATEGORY | PAGK
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SURJECT L—Hc, 5UPPL\-‘( AND Z&_rug.u NAME Russ RQC‘MSK_‘
[IRYN) SN Tfiz.-‘??, REVISION DATE __
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=

546707

Derteesiiue Pressues RATiNG £ Si128 of ToR®S .,

LHe RerorNt 24 O0D. x 0.065"wace , 6OG!I -Te AwwM.

- Per LLNL SGuipe , MAWP = 1720 PSI  Fok THIS TuRE.

LHe sypPPLr: NEEDS o BE RECTANGULAR
Wit HaNe - BE A SPECilaLLy EXTRUDED swuaPc
TO Peressouee APPLCATION) STANDARDS.
PARTICULA LT .
- S ASTM =B 210 aup  ASTM - B.2w

— [, 25 i
}-— ms-_n {"3" waw

T .
(‘ g 250" o.500"
: v
Frow PaTH Has 4"« 0.75" siov CROSS - SECT ol
\"H = A/p T HYopavLiL RADIUS
L2S )T
A?"Tv(‘d‘— “) - (0-15&!)(-154“) - 9.2-3(96 uJ:

P = WC.ZS.».\ + 2—(:75\»4} = 2.728 54,

Vo = Q-236bw z ©.035 ..
2.2%54
Du = 4:("* = O.4 \L{m HYORALLIC DIAMETER.
———
Tr~ fu"aowou-" TURE To GeT MawalP

MAWP  For This SHARE wouw BeE > L25"0.p, x /&' wAlL X
9
'720' ("75 snj

- 25kt ~ 25kt VSt S = PeDo
D, -2yt D, Z+ 2 (.065)
= 4923 ps

5. 2(992340( 129 )

1.28 5 $ -
MawP oF Tiig SnAPS 2 \‘%85”;‘“

P = 1985 ps; —>
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P 1386.6667
.75 D

S

E

Y

d .62842893

t3a .06078554

t3b .065

t3c .06023548

t3d .06078554
.065 t

Check *Valid

/\:,,\.uuA&L&

% = 83 .S Fiom

Comment,
LHe return tubing
R. Rucinski 5/25/93

Internal pressure (external 0 psig)
Outside diameter

Basic allowable stress

Quality factor

Table 304.1.1 coefficient (typ. 0.4)
internal diameter for t3d

Thickness from equation 3a
Thickness from ecuation 3b
Thickness from equation 3c (Lamé Equat
Thickness from equation 3d

max of equations 3a, 3b, 3¢, & 3d
Check validity of equations

Tesce Al 60b1 -T6 WELDED <=SeAmlESS Tuges.

)




2 Rule

"from ANSI/ASME B31.3-1984

"section 304.1 Pressure design of straight metallic pipe
"program checked by hand calculations: no errors present B.S. 22-Apr-93
t3a=P*D/2/ (S*E+P*Y)

t3b=P*D/2/S/E

t3c=D/2* (1~sqgrt ((S*E-P)/(S*E+P)}) "Lamé Equation

t3d=P*d/2/ (S*E-P* (1-Y))

d=D-2*t3d

t=max (t3a,t3b, t3c,t3d)

if or (t>D/6,P/S/E>0.385) then Check='Invalid else Check='Valid

* % % F * X *



St Input ~ Name  Qutput  Unit  Comment

R Ruesg,

DO control dewar vacuum jacket
Mat'l: Welded pipe, Sa=16.0 ksi
304 Stn. Stl. Sa=16.0 ksi
Mat'l: Plate, Sa=18.8 ksi

For Fermi S=8a*0.8

Pc 87.095166 psid Collapse Pressure

.1874 t in Thickness of Shell

36 D in Outside Diameter of Shell
R 17.8126 in Inside Radius of Shell

60 L in Distance Between Stiffening Rings
P 102,20465 psid Internal Pressure

28000000 E psi Modulus of Elasticity

15040 S psi Maximum Allowable Stress per CODE

.65 Ej — Joint Efficiency
Cl 'UG27¢l ——— Applicable Code Paragraph (int. pres )
tl .1874 in Thickness per UG-27 cl v
t2 .092981795 in Thickness per UG-27 c¢2

Exteeniac Pecssvre UG-28

bo/{ =

26
Jigrq = 192

4‘8“\‘*‘ %(_‘/o'q = 52IN.

HEAD

5 OC AT
2

ST T30 = 144

USE P16 5-060-28.0 m G AL A= 00033
USE F1o S-UmA-T8.0 (304 55 eware) " Bz 4500

48 H (4505
32 | 3128 s

5. - -
5(') {_\ j<‘q2_> S

54/93



St Ioput

.065

P 2080

o ;

S

E

b 4

d .38224638
t3a .05887681
t3b .065

t3c .05841099
t3d .05887681
t

Check 'valid

psig
in
ksi

———

in
in
in
in
in
in
Answers

Comment
LN2 tubing, alum. 6061-T6
R. Rucinski 5/25/93

Internal pressure (external 0 psiqg)
Outside diameter

Basic allowable stress

Quality factor

Table 304.1.1 coefficient (typ. 0.4)
internal diameter for t3d

Thickness from equation 3a
Thickness from equation 3b
Thickness from equation 3¢ (Lamé Equat
Thickness from equation 3d

max of equations 3a, 3b, 3c, & 3d
Check validity of equations



St Input

.18
12.75

30
28000000

12800
1

749.7368 psid

in
in
6.195 in
in
365.54022 psid
psi
psi
'UG27¢l -—-
.18 in

.08795551 in

R. Buocws Kt

Comment

DO control dewar reservoir
Mat'l: Welded pipe, Sa=16.0 ksi
304 Stn. Stl. Sa=16.0 ksi
Mat'l: Plate, Sa=18.8 ksi

For Fermi S=Sa*(0.8

Collapse Pressure

Thickness of Shell

Outside Diameter of Shell

Inside Radius of Shell

Distance Between Stiffening Rings
Internal Pressure

Modulus of Elasticity

Maximum Allowable Stress per CODE
Joint Efficiency

Applicable Code Paragraph (int. pres. )
Thickness per UG~27 ¢l

Thickness per UG-27 c2

5/4(93



