Muon Design Note #26

SUBSYSTEM: COM CVM X Cryoplant
TITLE: Heat Exchanger #5 (EX-5)
ﬂ B
AUTHOR:  R. Sanders I/
M. Stone 2w 4
DATE: May 20, 1986
Objective

The purpose of this design note is to present pressure vessel calculations done
by the manufacturer (CDM) and pressure ratings of the adjoining piping components,
and to demonstrate the adequacy of the vessel relief valves.

Desecription

Heat exchanger #5 is a counterflow heat exchanger employing internal lateral
finned tubing. The tubing is totally contained within a 304 stainless steel pressure
vessel composed of 6% Sch 10 pipe and pipe caps. The pressure vessel has two
identical 22 foot sections which are shown in drawing 2753.700-ME-193163. The piping
connecting these secbions is not considered part of the pressure vessel. According to
the ASME Boiler and Pressure Vessel Code, Division I, Section VIII, Paragraph U-
1({c)(5), piping components used for distributing flow are not pressure vessels.

The heat exchanger will be used in cooling CVM from 300 +to 80 K. It will be
operated 1 or 2 weeks once or twice a year. Helium gas is emploved in both sides of
the heat exchanger. The heat exchanger will use the return flow from CVM to precool
high pressure warm helium from the compressor.

Analyvsis

The pressure vessel is considered to be the outer 6" Sch 10 stainless steel pipe
and pipe caps. The pressure vessel code calculations done by CDM (the manufacturer)
for a MWAP of 350 psig are presented in Appendix A. Calculations for the end flanges,
although not necessary for code calculations, are in Appendix B and the calculation
showing the adequacy of the pressure vessel relief is in Appendix C. The pressure
vessel was pressure tested by CDM to 441 psig.

Using procedures in ANSI B31.3, the allowable internal pressure for the pipe
adjoining the heat exchanger is 1468 psig for +the 2" 304 88 Sch 108 pipe and 2652
psig for the 1" 304 S5 Sch 108 pipe. The tube manufacturer, Noranda, gives for the
double fin tubing a pressure rating for the internal tube of 300 psig and a pressure
rabing for the external tube of 400 psig.



The external low pressure piping between MV-511-H and MV-526-H and all high
pressure piping will be pressure tested to 385 psig and have an MWAP of 350 psig. The
tubes on the low pressure side of the heat exchanger will be pressurized both
internally and externally at the same time thus permitting a high pressure test of
the piping between MV-511-H and MV-526-H. The high pressure piping is protected by
the same relief valves as described in Appendix C.During operations the low pressure
piping is protected by SV-204-H (see D/N 10) having a capacity of 110 g/sec 60°F
helium at its set pressure of 50 psig. When MV-511-H is closed the low pressure
piping is protected by trapped volume vrelief 8V-510-H with a capacity of 107 SCFM
(305 SCFM of He) air ab its set pressure of 65 psig.

In order to allow the heat exchanger to be vacuum jacketed, if this need were to
ever arise, the heat exchanger was leak checked with a helium mass spectrometer by
the manufacturer. However the piping connections between the two sections of the heat
exchanger were only bubble tested.

Conclusion

The pressure vessel, EX-5, conforms to the standards of the Boiler Pressure
Vessel Code, Division I, Section VIII. The piping associated with EX-5 conforms to
ANST B31.3 piping code,
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Appendix A

These are calculations as supplied by
CDM for heat exchanger EX-5
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\ACHINING & FABRICATING CORP. &

February 20, 1986

Fermi National Accelerator Lab.

P.O. Box 500
Batavia, Ill. 60510

Dick Mau,

Enclosed is one copy of the Code Calculations for the Heat
Exchangers, on your P.0O. 909740. If there are any guestions

please call.

4950 Niogare Strest © COMMERCE CITY, CQLORA@OOEZ e Phone: 287-0187
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MACHINING & FABRICATING CORP.

4950 Niagoro Street o COMMERCE CITY, COLORADO 80022 e Phone: 287-0187

March 3, 1986

Fermi National Accelerator Laboratory
P.0O. Box 500
Batavia, Il1l. 60510

Dick Mau,

Enclosed find one copy of the flange stress calculations
requested by Peggy.

Also this letter is to confirm in writing our telephone
conversation on 2-27-86. I am planning to use Fermi Lab's
drawings to fabricate the Muon Heat Exchanger #5. If there
are any changes during fabrication, T will redline one set
of drawings and send them to Fermi Lab.

If you have any questions don"t hesitate to call.

Thankyou

Richard Jé@g@r
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Appendix B

Purpose:
To calculate the required thickness of end flanges.
Assunpbions:
Use rules of paragraph UG-34 (p. 101) of Section VIII, Division I.

Calculations:

11

b
t=d (CP/SE)’& = minimum required thickness (in)
diameter of head (in)
design pressure
= maximum allowable stress (18800 plate)
= joint efficiency (= 1 since solid plate)
attachment factor = 0.33

o
i

i

[ ResResRavile Ny o

i

d

inside diameter of shell
6.357 in (6" Sch 10)

it

\' (0.33) (350)

5
t o= @ . 357 \é {§$8@®>

= (.498 in.
The holes are far enough apart so that no reinforcement is required, i.e. centers
> 4 % average diameter. Also all holes are only 1/2% in diameter.
A " S e
Jonelusion
The 0.625" thickness of the tube sheet inside heat exchanger #5 is sufficiently

thick to prevent rupture. This tube sheet is not considered part of the pressure
vessel.



Appendix C

Sizing of Relief Valve for
Heat Exchanger 5

Heat exchanger f##6 can be pressurized only by the compressors in Lab A, a
trapped volume warming up or a fire. As for the compressors, their capacity is
relieved at Lab A and the relief setting is 50 psig lower than the MWAP of the
heat exchanger and therefore overpressure by the compressor is not a concern.
Fach compressor has a kickback valve capable of bypassing the full compressor
flow back to suction. This valve should keep compressor discharge at or below
300 psia for the Mycom and 250 psia dfor the Norwalk. In addition each
compressor has a relief valve back 4o suction which for the Mycom is set for
300 psig and for the Norwalk is set for 275 psig. Suction has three relief
valves each sized to handle the flow of at least two compressors.

A fire condition is by far mwmore severe than the simple case of a trapped
gas volume warming up. The heat exchanger is surrounded by foam insulation with
a minimum thickness of three inches. In the case of fire the aluminum skin
encasing the insulation would remain intact but the insulation would eventually
decompose.

The CGA Code S-1.3 section 5.3.2 states "For uninsulated containers for
non-liguefied gases the minimum required flow capacity of the pressure relief
device shall be caleulated by using the formulas

i,

@

where

Q% = flow capacity in CFM of free air

W; = water capacity of conbainer in pounds

Tgnore the internal parts of the heat exchanger. The %Qium@ of the 44 feet of
6" schedule 108 pipe that comprises its shell is 9.7 ft". As a result

W, = 62.4 1b/£t° x 0.7 £t° = 605.2 1b
and

0, = (0.029) (605.2) = 17 SCFM of air
which is the required capacity of the wrelief valve. The relief valve is a code
stamped Anderson and Greenwood model 89-844-2 with a 0.014 in” orifice and the

valve coefficient of discharge K = 0.9.

The capacity of the relief valve is given by

(6.32) A C K P,

Ty (MTZ)



From Anderson and Greenwood catalog 1800, page 6, a copy of which is
atbtached. Using the substitutions
= 0.014 in®
= 0.9
= 356 (air)
= 320 + 15 = 335 psia
= 29
= 520 R
= ]

NHEETONR>

The capacity is then
V = 77.3 SCFM air
which exceeds the required capacity.
The relief for the low pressure piping is the aforementioned trapped volume

relief SV-b10-H. This is a Circle Seal with a set pressure of 65 psig and a
capacity of 64.3 SCFM of air at 1660 R.
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PHYSICAL TEST REPORT

ervices

NOTARY PUBLIC

COMPLETE STEEL SERVICE QW?
I

o ° 330 W. NORTH AVENUE ADDISON, IL 60101
(312) 627-2900
rm FERMI NATIONAL ACCELERATOR LAB. WE
CUSTOMER
ADDRESS P. 0. BOX 500
BATAVIA, IL. 60510 ATTN: MR. ED FAHY
Date Qur Order NQ. Customer Order Number
3-7-86 SHOWN BELOW
Number Quandey Slze and Typs
5 Plts. 5/8" x 48" x 48" T-304 HRAP 2192# (YOUR P.O. #75977 11-30-83)
tdost Mo, X1 [+N AN, P, S, Sl [V (21N CHR. [YTeN SE. Other Elements Other Elem
Sym, Sym.
33285 MILL|REPORT ATTACHED g
Hardness Herdenabliity ¥isid Strength]  Teneile Strength |Elongetion| Reduction Epoaclilcation Number
% In 2°° in Ares %
Other
MNumbet Quantity Slze and Type
20 Plts. 1/4% x 48" x 48" T-304 HRAP 35724 (YOUR P.0. #19128 9-25-84)
Heat Ne. PAE G 1A P 8. 8t . #t, CH®. PAD, SE. S@mw Elements %gw Elome
] i N .
43084 MILL|REPOR} ATTAGHED , %
, Hesdness Tardensbility | Vield Geranget | Tonslle Strength | Elongetion] Reduetion Speclication MUmber
: % in @7 In Ares%
£
Qeher
MNumber Quentity 8lze and Typa
FHeat Mo, pALE @ [N Pe 8. Sl ({75 [S 1 CHR. rAO. K&, Other Clements | Other tleme
. By, Bym.
N ] 3
Heardnes Hardenability Yisld Strength | Tongle Gtrengih jﬁl@ﬂ@mmﬁ Neduetion speclfication Number
Bla 2" In Ares%
©they -
Leniser Quansity Bize snd Type
Host No. hARH [N PAN, P. 8. St [V IR CHR. MO, SE. Oicher Clemants | Other klem:
Sy, Sym.
| f
Hlardness Herdenabliity Yield Swength | Tensiie Stweengih | Elongation] Reduction Soscliication Number
% la 27 in Area s
Other
. STATE OF ILLINOIS o
 COUNTY:-QF DUPAGE | HEREBY CERTIFY THE ABOVE FIGURES ARE CORRECT -
- AS SHOWN N THE RECORDS OF THE COMPANY
Swomn to and subscribed before me, A Notary Public in and METALS & SERVICES COMPANY
/fj»r DuPage County, this day of , 19
A
' Commission Expires

ay: s
. METALLURGICAL DEPARTMENT

e

A2P58, 200
&

R E S P3765
LY, £ VI ¥4



N wm B wdSh mﬂ@ R BeeCRLANSE 8000 P Wl SNt pul Sl LRI B \
 — SPECIALTY STEELS on TEST RErORY
STEEL BOX 26  LOUISVILLE,OHIO 4464¢
# LTV corpary
ek il OROBE NO. 3 "~ CUSIONER PAK P, pr oy
R 3 99/29/82 | o140 _PAGE
R %o i 1TREE
s gﬁ km 4 w.@%Mw 2

;|- HETALS & SERVICE CO.

FRONT ENTRANCE
2960 §. 25TH AVENUE

S—

| BROADVIEW, ILL 60453
i| METALS & SERVICE CO.
7] 2900 S. 25TH AVENUE
£
8
°| BROADVIEW, ILLINOIS 60152
o]
(33084 .05q 1.59 |.614|.013]0.54[18.45 |08.30 6 .63 | ® | Vese| ©
o
CORAIFT NO. SIDE HARDNESS py  TBD pss WQWWW @KWW
236675 RB 88 43,306 299 84,206 §XT 184
m.m Wﬁzﬁg EWMMWMWWWS .w.mmﬁﬁ%% § WEREBY CERTIFY THAT ALL ANALYSIS FIGURES ARE

236675 .

|
|

CORRECT A% CONTAINED iN THE RECORDS OF THE

WA A PARKER SR

STATE OF COUNTY OF

SUBSCRIBED AND SWORN TO BEFORE ME
DAY OF %,

B T A p e B

v NOTARY PUBLIC
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WA R (AR

BAST TROY, WISCONSIN 83120 w
¥31-07330 me T
/)% CUSTOMER ORDER MO, PO, DATEIRATING |R ENTRY DATE AARKS Mu WRM . /
50-5-7189 12/04k tgzxowa P_$EE BELOW W__5T7-17769-4-
© HARLEHMX 1 25180 v21' ¥ MakCEHA 251807 [9 4 k.
® . : o o
aiARHﬂN/KEYSTONE CORP MARMON/KEYSTONE CORP © e
tdO?OO HMARMON DR, 110700 HARMON DR. ' o
?LEHONT@ iL ‘ LSﬁaNf@ IL _ ( o
vee IL_60439 11._60439
$pECHAL IMSTRUCTIONS y . .
Ro4L. of the origina supporh AN fr0 ks (P ESRHED
? not only the complete identification of this material bul
@S & alz0 arecord of teats made maecerﬁanca with specifice- .
PR @ fion requirements. I saverel items are shown in this
report, those items which are shippsd fo you are
* checked (1) as being pertinent, We cerlify herewith.
that the material supplied (o you ls c@mmmﬁly identle .
fiable by this documanl, e e L ) ‘,5'
Cust. P.O. % ¢ :
N ) ‘ ‘ - MARC Order ?@ @é 4 @'g ?”ﬂﬁ% o
oo ARN CORPORATION . $17-19769~-4
MFG, BY: TRENT TUBE DIVISION, East Troy, W @gi@fz?m B MFQ, Ol ORDER NG, __
FOTTHE C‘W >

¢ TEST REPORT
e (See Above)
d SOURCE=3438
o .

CHEMICAL ANALYSIS

¢ MN P 8 C] M MO L] cy co Mg AL
:024) 1,64] -008) ,019 .45 gﬁgﬁ E@@ﬁg '
MECHANICAL 76878 CORBOSION TERTS
mtggi%tgw mgiigm BLONG.| wamONESS |FLANGE| FLAT | PLARE| BEN: | g | omam iz
80,861 43,540 |60% |RB 81/82 OK |OK |OK |OK

8 this Wede? approved to ship YES : ' .
WEMEREBY CERTIFY THIS REPORT TO BE TAUR AND CORRECT ACCORDING SWORN TO AND SUBSCRIBED aEFORE uE .
T CORDS IN POSSESSION OF THIS CORPORATION. , , PO, 9013 . ,
Z’éi?-'[»fé’ﬁé%’.‘é’?“’" P20 REVIEWED mis_____oavor 20" :"”9‘;“’0 e 19
@2» 2l L . Rk

SIGNED: M e

MY COMMISHON EXPIRED R HOTARY



AHMOLY NG,

O STAINLESS PIPE & TUBE CERTIFIED MATERIAL TEST R -
" AT 2. BOX 1A, HWY. 301 N ST
o ‘ WILOWOOD. FLORIDA 32785 - B S e . M.M-@-‘ww ek wm
s [ o BUYER ORDER NO. * | OATE $ippED
L Marmon Keystone Corporation 60 S 6300 ] 1249485
. 10700 Marmon Drive ' , B o
1| Lemont, IT1, 60439 MILL ORDER NO- i
o | _ $52547 o
ITEw QUANTITY DESCRIPTION SPECIFICATIONS & PROCEOUWES = . - ‘
7 520" 6° 6° Sch 10s NPS x 17/24' ¢/l ASTH A312-83, ASME SA312,; welded
| Type 304 FF/ARP L.baSR®I3Y - _duPont SWAZN, mo end caps
PUATE] PLATE |WELD GHEMICAL ANALYSIS -
[TEM  |HEAT NO.|wear femoo a1 =15 T g [ & | Cr | N | Mo | My | W ] come
7 350758
450659 28 017 .55  18.41 8.31 -

S , MECHANICAL TESTS .
- ITEM | HEAT NO,|evove | eee|  YIELD PSI | TENSILE PSI | ELIN 7| HARD | HYOPO T.p, | FLARE | FLMG | FULAT | st | Tes

kggggmam o 5

LR
el U

7

ok ok @@ﬁ_,{"j’jf,} :

R .
F

ININRLYYSI0 TOULHG

CERTIFICATIONMEMARKS MERT. -:ww;%g 0y .. :
‘ LT T quewmnoop s A sy
-nuepi Aeterduos ot okt peyddng ieumeur sul Jeus

' ynmaiay Ajnisd om tusuitide Buted' 68 LAY pewooys |
| wiw oA o) peddiys ese motum swelis esbw ‘Lodes
SIUL UL URMOUS 71 su.gmmmw # wuswealinbe: vop
| -09n1o8dE QUM BOUBPIPIOBY) DR E1664 1O PIODEITOS(E .
q eyaiey S 0 vouraYtesb)MGdus0d 8ls Auplou
AROIPUT 81 BIBUY, ‘10USS 1881 8 8uBdng TBiIO Bl o

% s pRaE @ GWES BIgE DA B} TModaa By, -

e 3

o
o e

WE CERTIFYSTHAT THE CHMEMICAL AMALYSIS AND PHYSICAL TEST RESULTS APPLYING ON THE ABOVE
@RDER NUMBER ARE CORRECT AND TRUE TO THE BEST OF OUR XMOWLEDQE AND BELIEF. ¥ ?@mste?
: ®

R ’ s ) ) Q@ A@ @‘E?‘k :

Guon snd Subseied 1o bolom me the gay &' .18

SHOTURAS BIBA



- ALLOY FIFING PRODUCTS, INC, -~

@ %7 M I L L TEST REPFORT % %

J~ STAINLESS TUBULAR PRODUCTS | YOUR _OBDER. NUMBER..__
T, 1828 W. CASFIEU PLACE |..4667.. - H.
0O WAREHOUSE € 3 | QUEB INVOQICE NUMBER.. ...
b ENGLEWOOI, CO 80110 N e yE

402 429 coD EE 4PY $OPE 55 S8 4488 B GHD4 EIED 1033 65T 0290

e HEAT N e b o e e cnsrmo s e Bl e B R B LT L N o s s e i e

AC1LA417 ! 4 - & G7108 A403 WP 304l & CAP

2A4CTO8B4 ] 2 o-oan G/7108 A40F  WF 304L W LR 90 ELBROUW

v e s e s e e o e e s e 4 26 8 54 . 8 5 8115 5 e 55 85 -

o HEAT NOe ol HMATER LA SEEC e e VG BN e B T B B

4C1L417 i A240 BA03 bW 023 1 1.32 | | -033 004 | .67

2RCZ084 ! A31L2 AROZ P« 018 | 1.14 | %@033 2002 | 44
I

|
{
!
e e et o e et o e s s e 7 ol s e s s s L
A

e HEAT . NQe oVl N MO B GO T N L RRAT

ron 58 S 5na €Am Gin CYD GO SHS Fima EE OP GEEO 45T CUT) OGO e CAED 320 AT SHED GEOY CoEr SUIS FISI 36 G49 LAE €% KOG FIUD £agh SID TUE SN 0309 GOTH LRI £2R0 S0 FUD S TN 42D

CR
16,18
16,48

sy cown omem gy

TTFE

{
4C1417 I 10.11 | ! ! |05 |t | |
24@&@% AJ_.,WWLQ‘ el t % RS »g ke ‘*! LT &m A ma’réw’.a'w\, RS ”% B 2

L

SSSVRSURT RSURUUUORN AU WOUOPUONY RUURUIN RUSORNDRUI UST—— |

. | | TENGILE | ]
o HEAT NQe o YIELD_FOINT . SIRENGTH. | _ELONGATION. | BEDUCTION ..
ACLA17 f AQ, 233 BO,319 | HP% ]
24C7084 { A%, GO0 88,200 | 57% [

i
e s et e s o s s s s e

~BEINELL/BOCKWELL. |
w76

AU — |

o orms

/W»m%

.,,.cmw,m_;\Ww,mmwmmwWowm«w%;mmw,,va N S eur
AT - :

VR

WE HERERY CERTIFY THAT TO THE BEST OF OUR KNOWLELDGE
AND BELIEF, THE MATERIALS LISTED ARQVE HAVE BCER

MANUFACTURED IN ACCORDGNCE WITH, AN MEET THE AHC
AFPLICARLE SPECIFICATIONS AND GRAIES.
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