TECHNICAL APPENDIX FORM (TA5031) FOR PRESSURE VESSELS
PRESSURE VESSEL ENGINEERING NOTE PER CHAPTER 5031

Prepared by:  Terry Tope
Preparation date: 1/5/15____

1. Description and Identification
Fill in the label information below:

THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL

CHAPTER 5031
Vessel Title LATIAT Filter Vessel
Vessel Number ENO01781 <—Obtain from Teamcenter

Vessel Drawing No.  Eden Cryogenics LLC BC-02128-5800-01

Maximum Allowable Working Pressure (MAWP)

Internal Pressure 165 psid

External Pressure 15 psid

Working Temperature Range ~ +932 °F -320 °F

Contents  Liquid argon, BASF CU-02268S, Sigma Aldrich 4A mole sieve

Designer / Manufacturer Eden Cryogenics LLC

Test Pressure (if tested at Fermilab) Acceptance Date <« Document per Chapter 5034 of
the Fermilab ES&H Manual

PSIG, Hydraulic - Pneumatic

Accepted as conforming to standagd
fg_— . i
3_§ : < Actual signature required

Of Division / Section / Center MEQT [UMD  Date: Z/.S/S

NOTE: Any subsequent changes in contents, pressures,
temperatures, valving, etc., which affect the safety
of this vessel shall require another review.

a

lay ¢ Thelackes
Reviewed by: oy ( Ve W\NGLC ke
/ ~Print Name)

00 . /
Signature: Q\ Date: \3{/\5/ 5

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Signature: Date:
Fermilab ESH&Q Manual TA 5031-1
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website. Rev. 06/2014
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Amendment No.: Reviewed by: Date:

Lab Property Number(s):n/a
Lab Location Code: 426 (obtain from Safety Officer)
Purpose of Vessel(s): Remove oxygen and water from liquid argon

Vessel Capacity/Size:22.5 gallon  Diameter:12.75" Length: 51.5"
Normal Operating Pressure (OP) 55 psid
MAWP-OP = 165 — 55 = 110 PSI

List the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original
Eden Cryogenics LLC BC-02128-5800-01 8445 Rausch Dr Plain City, OH 43064
2. Design Verification

Is this vessel designed and built to meet the ASME BPVC or “Experiment
Vessel” requirements?
Yes X No .

If “No” state the standard that was used .
Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.
Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes X No_ . If "Yes",
complete section 2A; if "No", complete section 2B.

A. Staple photo of U stamp plate below.
"U" label details to the side

Copy data here:

NB 9

CERTIFIED BY EDEN CRYOGENICS LLC

MAWP 165 PSI AT 932 °F

MAEWP 15 PSI AT 932 °F

MDMT -320 °F at 165 PSI

EDEN SERIAL NO 02128-03

YEAR BUILT 2010

Fermilab ESH&Q Manual TA 5031-2
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website. Rev. 06/2014
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Provide ASME design calculations in an appendix. On the sketch below,

circle all applicable sections of the ASME code per Section VIII, Division

I. (Only for non-coded wvessels)

Shirt length
PocUG-32m
jo—— h ——==— Depth of heod
Fillet we lds f -—-—-1
Por. UW-18 ond 36 Stiffening ring

Knuckle thickness Por. UG-29
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Inspection opening ~ Par.UW-34

Por. UG-46

(e

Bolted heods
Por. UG-35 ond UA-6
Fig. UA-6

Circumferentiol F) .
O younts :ﬁ?:{F:t::
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21 THE LAPD OXYGEN FILTER VESSEL IS A CODE STAMPED ASME
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Item Code Section

calculated stress level)
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3. System Venting Verification Provide the vent system schematic.

Does the venting system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association

Standards S-1.1 and S-1.37?
Yes _ X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to

verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Rockwood Swendeman 710NBEF-A 100 PSIG 282 SCFM AIR 1x 1 % inch
4. Operating Procedure

Is an operating procedure necessary for the safe operation of this

vessel?
Yes No_ X (If "Yes", it must be appended)
5. Welding Information
Has the vessel been fabricated in a non-code shop? Yes No X

If "Yes", append a copy of the welding shop statement of

welder

qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld

this vessel.

6. Existing and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for

Existing and Unmanned Area Vessels.

7. Exceptional Vessels

Is this vessel or any part thereof in the above category?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for

Exceptional Vessels.

Fermilab ESH&Q Manual
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website.

TA 5031-4
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THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing No.

Maximum Allowable Working Pressure (MAWP)

Internal Pressure

External Pressure

Working Temperature Range °F °F

Contents

Designer / Manufacturer

Test Pressure (if tested at Fermilab) Acceptance Date
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division / Section / Center

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and placed on vessel.

Fermilab ESH&Q Manual

TA 5031-5
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ORIGINAL

FORM R-1 REPORT OF REPAIR
in accordance with provisions of the National Board Inspection Code

I. Work performed by ABILITY ENGINEERING TECHNOLOGY INC. N/A
(name of repair organization) (Form Registration No.)
16140 South Vincenness Avenue SOUTH HOLLAND, ILLINOIS 60473 J 8410
(address) (PO No., Job No., etc.)
2. Owner FERMI NATIONAL ACCELERATOR LABORATORY
(name)
P.0.Box 500 BATAVIA, ILLINOIS 60510
(address)

3. Location of mstallation FERMI NATIONAL ACCELERATOR LABORATORY

(name)

P.0.Box 500 BATAVIA, ILLINOIS 60510

(address)

4. Ttem identificaion Pressure Vessel Name of original manufacturer EDEN CRYOGENICS
(boiler, pressure vessel or piping)
5. Identifying nos.: 02128-02 9 - - 2010
(mfg. serial no.) (National Board No.) (Jurisdiction No.) (other) (year built)

6. NBIC Edition/Addenda: 2011

(edition) (addenda)
Original Code of Construction for Item: ASME B. & P.V. CODE SECTION Vill DIVISION 1 2010

(name / section / division) (edition / addenda)
Construction Code Used for Repair Performed: ASME B &P.V. CODE SECT. VIII DIV. 1 2010 add 2011
(name / section / division) (edition / addenda)
Repair Type: A welded O Graphite Pressure Equipment [0 FRP Pressure Equipment
Description of work: D Form R-4, Report Supplementary Sheet is attached D FFSA Form (NB-403) is attached

(use Form R-4, if necessary)
TOP AND BOTTOM HEADS REPLACEMENT

WPS GT-P8-1C GTAW
PNEUMATIC Pressure Test, if applied 252 psi MAawPp _ 165 INT. /15 EXT. psi

9. Replacement Parts. Attached are Manufacturer’s Partial Data Reports or Form R-3s properly completed for the following items
of this report:

(name of part, item number, data report type or Certificate of Compliance, mfg. name, and identifying stamp)

10. Remarks:

CERTIFICATE OF COMPLIANCE
I, MAREK HABER , certify that to the best of my knowledge and belief the statements in this report are
correct and that all material, construction, and workmanship on this Repair conforms to the National Board Inspection Code.
National Bpard “R” Certificate of Authorization No. _R-8339 expires on 04/19/2014 5 P
Date 3/0 22/1%  ABILITY ENGINEERING TECHNOLOGY INC. Signed __ Meatelbblaly

7

(name of repair organization) (authorized representative)

CERTIFICATE OF INSPECTION
1. \I\/ME A . gM (T4 , holding a valid Commission issued by The National Board of Boiler and Pressure
Vessel Inspectors and certificate of competency, where required, issued by the Jurisdiction of T camai §
and employedby _ HS B~ CT of_HWARTPoen CT
have inspected the work described in this report on BI Z.2 ,_2012 and state that to the best of my
knowledge and belief this work complies with the applicable requirements of the National Board Inspection Code.
By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or implied, conceming the work
described in this report. Furthermore, neither the undersigned nor my employer shall be liable in any manner for any personal injury,

property damage or loss of any kind arising from or connected with this inspection. NB12980 ABN IL
Date 3 l 22 .20l 3 Signed W+ @ Commissions 02259IC

{ (inspector) (National Board and Junisdiction No.)
This form may be obtained from The National Board of Boiler and Pressure Vessel Inspectors. 1055 Crupper Ave.. Columbus, OH 43229 NB-66 Rev. 12
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Terry Tope — version 12.23.14
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Relief Valve Sizing for the LArIAT Filter Vessel and Other Information Relevant to the Pressure
Vessel Engineering Note

The LArIAT experiment located in upstream MC7 is using a filter vessel identical to two filter vessels which have been in
service for 5 years in the LAPD liquid argon purification system located in PC4 which is shared by the LBNE 35T. The
vessel consist of an ASME code stamped inner vessel surrounded by an outer vessel that is the vacuum jacket.

The following describes the history of the three filter vessels purchased for LAPD. It is likely of little interest to the peer
reviewer of this note, it is documented in case this history is useful at some point in the future.

During the 1st LAPD run some filter material made it out of the filter vessels and into the piping. The filter material was
contained within the filter vessels by sintered metal discs. The spare filter vessel that was never installed was examined
by borescope (LAPD purchased 3 identical filter vessels — only two of which were put into service during the 1% LAPD
run). The top sintered metal disc was found to have a small weld crack thru which filter material could leak out. This was
not a pressure containment issue. It was assumed the installed filters had this same weld crack failure from the beginning
and this was later confirmed. Both filter vessels were cut out of the LAPD piping. The repair consisted of cutting off both
the top and bottom pressure vessel heads that contained the sintered metal discs. New heads were fabricated and
welded on the vessel that contain screen between slotted plates instead of sintered metal discs. The screens provide
particulate filtration while the slotted plates support the weight of the filter material and react the forces due to the
pressure drop across the bed. The screen design is shown in FNAL drawings #489456 and #489458.

First the spare filter vessel was sent out for repair. This filter vessel was installed in place of the oxygen filter used during
the 1% LAPD run. A new pressure vessel engineering note (with a unique vessel number) was created for this vessel
which is identical to the original oxygen filter pressure vessel engineering note except that the repair is noted.

The filter which held the molecular sieve was sent out as the 2™ repair. Since this filter vessel will still be used to hold
molecular sieve after the repair, the existing pressure vessel engineering note is amended (No. 1) to note the repair.

The vessel described by this pressure vessel engineering note is the original LAPD oxygen filter which has been repaired
and moved to its new location in MC7. The repair design has been validated by the 2"° LAPD run and the 1% LBNE 35T
run.

In this application the vessel contains a 50-50 mix of Sigma Aldrich 4A molecular sieve filter material and BASF CU-
0226S oxygen filter material. CU-0226S is essentially a thin layer of copper covering a molecular sieve like substrate.
The molecular sieve fraction of the filter bed is regenerated using heated argon gas and the oxygen filter fraction is
regenerated using a blended mixture of heated argon gas and a purchased pre-mix of 2.5% hydrogen in argon (2.5%
hydrogen in argon is considered non-flammable). Both filters will be heated to 200 °C (392 °F). The gas heaters are
external to the filter vessels. The vessels will be used to purify liquid argon as the liquid argon flows form the supply tank
outside MCY7 to the cryostat located inside.

The pressure relief devices were sized according to the Compressed Gas Association’s CGA S-1.3—2008 document.
This document is entitled, “Pressure Relief Device Standards Part 3—Stationary Storage Containers for Compressed
Gases.” ltis available as part of Fermilab’s Techstreet subscription.

The basic vessel geometry is shown in Figure 1 and the manufacturer drawings are available in the appendix.
The relief valve is set at 100 psig (115 psid to vacuum). This is below the vessel’s code stamped MAWP of 150
psig (165 psid to vacuum).

Fire Condition (heat input calculation is identical to the two LAPD filter pressure vessel engineering

notes)

First the fire condition is considered as it is more difficult to relieve than any other scenario. To begin the calculation, an
estimate of the relief capacity required is computed. This number is then corrected for pressure drop and temperature
rise in the line that leads to the reliefs if required. In CGA section 6.3.3 the following equation is used to calculate the
minimum required flow capacity

v3.10.15 9/424
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Qa - FGiUAO.SZ
where:
- o Btu
U= Overall heat transfer coefficient to the liquid, —
hr- fi2°F
F= Correction factor for pressure drop and temperature rise in line to relief valve, specified in 6.1.4., 1.0 in initial
calculation.
A= Average surface area of the inner and outer vessels (to be conservative the surface area of the outer vessel is
used in all calculations).
G;= Gas factor for insulated containers.
Q.= Flow capacity required at applicable flow rating pressure and 60 °F in cubic feet per minute of free air.

The heat rate into the liquid is computed using Sl units. All other calculations are performed in English units.

First the overall heat transfer coefficient to the liquid must be computed. For the fire condition it was assumed that the
outer vessel is exposed to an environment that is at 922 K (1,660 °R) and the vacuum space between the inner and outer
vessel has been filled with air at atmospheric pressure (air has a higher thermal conductivity than argon). For simplicity
the vacuum jacket wall temperature is set to 922 K instead of computing a lower wall temperature based upon heat
transfer from a 922 K ambient. The inner vessel wall will be at the saturation temperature of liquid argon at the flow rating
pressure. The vacuum space contains six highly polished aluminum radiation shields. Aluminum radiation shields were
chosen because both filter vessels are regenerated at 523 K which would destroy Mylar based super insulation. The relief
valves are set at 100 psig (6.89 bar gauge). For the fire condition it must be ensured that the pressure does not exceed
121% MAWP. However the 100 psig (6.89 bar gauge) relief valve set point is below the vessel 150 psig (10.34 bar
gauge) MAWP. Thus the flow rating pressure used is 1.10 x (100 + 14.7) - 14.7, or 111.5 psig (7.68 bar gauge). The
saturation temperature of liquid argon at 111.5 psig is 114.3 K (205.7 °R).

Two heat transfer mechanisms are considered for the fire condition. The first mechanism is radiation exchange between
the vacuum jacket, the aluminum shields, and the inner vessel. In parallel to radiation, convection thru air filling the
vacuum space transfers heat to the liquid argon. Figure 2 details the heat transfer paths.

Several simplifying assumptions were made. The surface area A for all calculations was taken as the surface area of a
cylinder (including the top and bottom) whose outside diameter matches the inner diameter of the vacuum jacket. This is
conservative because the surface area of the radiation shields and the inner vessel (Aier) is significantly less than that of
the vacuum jacket.

A = g(p)2 x 2+ DL = %(23.5 in)’ x2+7wx23.5inx75 in =6,404 in> =4.13 m* = 4448 fi*

s

The inner vessel has a surface area Aj,ner about 2.75x less than that of the vacuum jacket.

A = %(D)Z x 2+ aDL = %(12.75 in)’ x2+mx12.75 in x 52 in =2,338 in> =151 m* =16.24 f*

The emissivity of the inner surface of the vacuum jacket and the outer surface of the pressure vessel was taken as 1.0.
Incropera and Dewitt’'s Fundamentals of Heat Transfer, Fourth Edition, lists the emissivity of highly oxidized stainless steel
as 0.70 at 1,000 K such that 1.0 may be conservative. The emissivity of each of the highly polished aluminum radiation
shields was estimated as 0.1. Incropera and Dewitt give an emissivity of 0.06 for highly polished aluminum at 600 K.
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All heat transfer equations were solved simultaneously in EES, the program is available in the appendix. Using the
vacuum jacket ID temperature and the inner vessel OD temperature as inputs, EES computed the temperature of each
radiation shield and the corresponding heat flow. Example calculations are provided below.

Radiation is modeled as exchange between large infinite parallel planes in the following manner where subscript eight
indicates the inner vessel and subscript seven the innermost radiation shield. Below is an example radiation calculation:

567x10° W

Ao{Th —T4) 4132m?x =TI 0 0 x(324.6° -114.3°) K

qrad,; = f(71 8)= n Xlg I =256.1W.
—+—=1 —+- -1
£, & 0.1 1

Thermal convection is modeled as cellular flow in a vertical cavity with different sidewall temperatures. Heat transfer thru
the horizontal shields above the inner vessel will occur by conduction because the geometry is essentially a horizontal
cavity heated from above. Thus using the convective heat transfer coefficients computed for the vertical cavity
reasonably accounts for heat transfer in the horizontal portion above the inner vessel. Convective heat transfer thru the
horizontal shields below the filter vessel is also accounted for using the heat transfer coefficients for the vertical cavity. A
check of this assumption occurs in a later section.

For the gap between the inner vessel and the innermost radiation shield (Tg and T7), Incropera and Dewitt’s equation 9.53
is used to compute the Nusselt number Nu;.

T, -T,)L hL _
Nu, =0.046Ra,”, Ra, = gﬁ(7—8), Nu, =—, gconv = hAS(T7 —Tg)
av k
1< E <40
L
1<Pr<20

10° < Ra, <10’

Ra; = Rayleigh number, dimensionless.

h = average heat transfer coefficient, W / (m2 x K).

L= distance between the heated and cooled surfaces, 0.0794 m ( 3.125 in.) for the gap between the inner vessel and
the innermost radiation shield. The gap between the radiation shields themselves and between the outermost

radiation shield and the vacuum jacket is 0.009525 m (0.375 in.). These gaps were measured.

k= thermal conductivity of the air in the vacuum space, W / (m x K), evaluated for air at ambient pressure and the
average temperature of the two enclosure surfaces Ty (average of T7 and Tg) by EES.

H= vertical height of the cavity, 1.651 meters (65 inches).

Pr= Prandtl number, dimensionless (ratio of the momentum and thermal diffusivities), evaluated at the average
temperature of the two enclosure surfaces (average of T7 and Ty).

g= gravitational acceleration, 9.8 m/s’.
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p= volumetric thermal expansion coefficient, 1/K, computed as 1/ Ty
a= thermal diffusivity, m?/s, evaluated for air at ambient pressure and T; by EES.
v= kinematic viscosity, m°/s, evaluated for air at ambient pressure and T; by EES.

An example calculation is shown below:

R 8By(T, -T,)Ly 98 m L1 (3246-1143) K 007938 m’ s y s 43x 107
a = = =4,
L OlygUsg s 2194 K 1 1 0.00001209m> ~ 0.000009036m°
— 16.12 001 1
Nity =0.046Ra) =0.064 x (43x107)"* 21612, Jpy =2 Uik 1612 0015 W ~3959
L, 1 mxK 0.07938 m m-xK

W e 4132 m* x(324.6-1143) K =3,441 W

gconv,s =3.959—
m” x

1<%<4o,ﬂ— 1.651m

L, 007938m
1< Pr<20, Pr,=0.75
10° <Ra, <10°, Ra,,, =4.3x10’

The correlation is applicable based on the H /L ratio and the Ra, value, the Prandtl number is just out of the correlation’s
range.

The radiation and convection heat flows across each gap sum to a total heat flow that is equal across all gaps.
At the gap between the inner vessel and the first radiation shield the heat flow is computed as

qrad,, + gconv,g =q,,., =3,441 W +256.1 W =3,697 W .

For the smaller gap between the radiation shields themselves and the outermost radiation shield and the vacuum jacket,
equation 4.91 from the Handbook of Heat Transfer, 3" Edition, is used to compute the Nusselt number Nu,.

_2-1/2 - H -
40<Z<110
0.0665Ra,"”
Nu, =1+ | =22 || I pre07
000
1+(9I’e ) Ra, <10°
aL

An example calculation is shown below where subscript two indicates the outermost radiation shield and subscript one the
vacuum jacket:
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T-T)L,” o. 1 22 -883.513) K 0.009525° m®
RaLm:g/iz(, ) _o8m (022-883513) K 0009525" m’ s S 2526
LU, s 902.8 K 1 1 0.0001423m> " 0.0001004m
2112 )12
0.0665Ra, ;"> 0.0665(25.26)" — Nu ok, 1 006241W 1
Nu,,, = |1+ |22 =1+ (—IZ =1, By, =2t 2y x ~6.552 ZW
9,000 (9,000)' L, 1 mxK 000925 m m* x K
1+ =—— 1+
Ra,, 2526

w
gconv,, =6.552—; s 4.132 m* x (922 -883.513) K =1,042 W
m- X

40 <2yt _LOIm
L L, ~ 0009525 m

1<Pr<20, Pr,=0.71
Ra, <109, Ra,,, =25.26

The Nusselt number is 1 which indicates conduction is the primary heat transfer mechanism across the smaller gaps
between the radiation shields and between the outermost radiation shield and the vacuum jacket. The Rayleigh number
of 25.26, which much less than the critical value of 1,708 at which buoyancy forces begin to over come viscous forces,
suggests that in the horizontal gaps between the radiation shields below the inner vessel heat transfer occurs by
conduction and thus the heat transfer coefficients calculated for the vertical radiation shield gaps are reasonable to use for
the lower horizontal shields.

The corresponding radiation contribution across the gap between the vacuum jacket and the outermost radiation shield is:

67 %107
Ao(T? -T) 4132 mzxm—wx(9224 -883.513*) K*
1 2 m’ x K*
grad,, = = =2,654.8 W.
11 11
—+— -1 —+—-1
g €, 101

The total heat flow again sums to:

grad,, + qconv,, =q,,., =2,655 W +1,042 W =3,697 W .

For the CGA calculation this heat flow must be converted to an overall heat transfer coefficient to the liquid.

q 3,697 W 1 1J 1 Btu 3600 sec 1m’ 1K Btu
h= = 3 X — X X X 7 X =0.195—75—+
AAT  4.132m*(922-1143) K~ 1 W sec  1055.06 J hr 10.7639ft> " 1.8 R hr x ft*x°F
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To calculate the initial estimate of the relief capacity needed, a gas factor, G;, must be computed. From page 25 of the

1262 psia
CGA S-1.3—2008, when the flow rating pressure is less than 40% of the critical pressure (

—100=179%),
705 4 psia
the following is used to compute G;.

G- 73.4(1660-T) [ZT

1

CL M
where
) Btu i :
L= Latent heat of product at flow rating pressure, 60.68 —— for saturated conditions at 126.2 psia .
C = Constant for vapor related to ratio of specific heats (k=c,/c,) at standard conditions. k = 1.67 for Argon at 60 °F
and 14.696 psia (from EES) which corresponds to C = 378 (Table 4 of CGA S-1.3—2008).
Z= Compressibility factor for saturated vapor at 126.2 psia
b - in’
p 126.2%x0.3685fil4472
v
- Z-= ’”ﬁxlbf ~0.842
RT, 1545-2-——="
lbmob<CR « 205.7°R
39.948
Ibmol
T=

Flow rating temperature, 205.7 °R.
M

Molecular weight of gas, 39.948 for argon.

3
1
v= specific volume, saturated vapor at flow rating pressure of 126.2 psia, 0.3685~—.

bm
, 73.4(1660 —205.7) [0.842 x 205.7
G; is calculated to be =9.69.
378 x 60.68 39.948

The uncorrected volumetric flow rate was found to be

3

Q. =1.0x9.69x0.195 x 44.48"% = 42.4Lof free air.

min

The relief valve is attached to the cryostat thru several feet of piping, thus the correction factor F is calculated according to
CGA section 6.1.4

F =.|—L
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where
Pi= Pressure at the inlet of the PRD in Ib/in®.
V= Specific volume at the inlet of the PRD in ft/Ib.
P= Flow rating pressure, 126.2 psia.
V= Sfecific volume of the fluid being relieved at the flow rating pressure and temperature defined in 6.1.3, 0.3685
ft’/Ib for saturated argon vapor at 126.2 psia.
The mass flow rate is calculated using CGA equation 6.1.4 a)
C M
w_QuC [M
1835 VZT
where
Q.. = Calculated flow capacity using the applicable formula from 6.2, 6.3.2, or 6.3.3 with F = 1.0, 42.4 ft3/min of free air.
W= Required mass flow rate of lading through the PRD in Ib/hr of the fluid being relieved.
C= Constant for vapor related to ratio of specific heats (k=cp/cv) at standard conditions. k = 1.67 for Argon at 60 °F

and 14.696 psia which corresponds to C = 378.

M= Molecular weight of the fluid, 39.948 for argon.
T= Temperature specified in 6.1.3, 205.7 °R for saturated argon vapor at 126.2 psia.
Z= Compressibility factor at the temperature specified in 6.1.3 and flow rating pressure, 0.842.

w_QuC [M _424x378 [ 39948 o Ib,
1835Vzr 1835 V\0.842x205.7 hr

The temperature at the inlet of the PRD is computed from 6.1.4 b) where

2145 -T
T, =2145 - —555
wc,
e
T, = Temperature at the inlet to the PRD during full flow conditions in degrees Rankine.
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Ts= Temperature specified in 6.1.3 , 205.7 °R.
D= Outside diameter in inches of the line between the container and the PRD, 1.315 inches for the 1 inch SCH 10
pipe.
L= Length of piping between the container and PRD, 8 ft.
e= 2.71828, the base of natural logarithms.
W= Required mass flow rate of lading through the PRD, 419.5 Ibm/hr.
C,= Average specific heat at constant pressure of lading between T and 1660 °R, 0.1281 Btu/ (Ibm x °R). This was

found by fitting a curve to C, data provided by the NIST Standard Reference Database 23, Version 8.0 and then
numerically integrating the curve to find the average C, value. The details are available in the appendix.

7 =2145- 2100 5145 2185-2057_, 65 o,
0 G e 419501281

The pressure at the inlet of the relief valve is calculated using 6.1.4 c)

w3y
P _pP-336x10°L S
d
P;= Pressure at the inlet of the PRD in Ib/in.
P= Flow rating pressure, 126.2 psia.
f= Friction factor, calculated using the methods outline in Crane 410 11/2009 edition — see below calculations.
(= Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below calculations.

W= Required mass flow through the PRD, 419.5 Ibm/hr.

v= Specific volume of the fluid being relieved at the flow rating pressure and average temperature between T; (1,672
°R) and T(205.7 °R), 2.002 ft*/Ib at 126.2 psia and 938.7 °R.

d= Internal diameter of the pipe, 1.097 inches for 1 inch SCH 10 pipe.

The path to the relief valve has 11 feet of straight pipe. In addition to the straight pipe it flows thru five elbows and the
branch and run of two tees. Each elbow is a 1 inch SCH 10 short radius elbow which has a r/d of 1. Thus the K value for
one bend is 20 x fr from page A-30 of Crane 410. fris the friction factor in the zone of complete turbulence which is equal
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to 0.02224 for clean commercial steel pipe with an inside diameter of 1.097 inches according to the plot on page A-26 of
Crane 410.

Diverging flow thru the branch of a 90 degree tee has a K value of 60 x fr and flow thru the run of a tee has a K value of
20 x fr. A Kvalue of 0.78 is included to account for entrance losses.

The resistance coefficient for straight piping is computed from Crane equation 2-4 which is
L
K=f—.
! D

fis computed using the Colebrook equation which is Crane 410 equation 1-20

€ 2.51 )

1
F = —2.010g( 37D + Rﬂ/?

The Reynolds number R, is computed using Crane 410 equation 6-3 where the dynamic viscosity u was calculated by
EES to be 0.03523 centipoise at 126.2 psia and the average temperature between T; and T of 938.7 °R.

Re=6.315ﬂ=6.315 419.5 =68,554.

du 1.097 x 0.03523

&, the absolute roughness, was estimated as 0.00015 using the data on Crane 410 page A-24 for commercial steel.

Using EES to solve the implicit equation Colebrook, f was computed as 0.02018 (see appendix for EES program).

Thus the total resistance between the vessel and the relief valve is computed as
L 11ft
K=5%x20f,+20f, +60f; +O.78+f5= 5x20x0.01321+20><0.01321+60x0.01321+0.78+0.2018m= 5.585.

"
St

The equivalent length of straight pipe is then calculated as follows:

55845109700
b 12
L-X2_ ft_ 2534
¥ 02018

The inlet pressure drop is then calculated as

0.02018x25.3%x419.5* x2.002
1.097°

2
P =1262-336x10" ﬂz‘z L 1262-0380 =125.819 psia.
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The specific volume of the vapor at the relief valve inlet conditions of 125.819 psia and 1,672 °R, v;, is 3.572 ft3/lbm.

The correction factor F is then calculated per 6.1.4 e).

F=\/ﬂ=\/125.819x3.572 _3.109
Py \126.2x0.3685

3
Q. =3.109%9.69x0.195x 44 48" = 132f4 of free air.
min

The Rockwood Swendeman model 710NBEF-A relief valve protecting the cryostat has a discharge capacity of
282 cubic feet per minute of air at 10% overpressure beyond its 100 psig set point and thus should easily handle
the fire case. Relief valve data available in the appendix.

Filter Bed and Screen Pressure Drop (identical to LAPD calculation)

As an additional check, pressure drop thru the filter bed and the screen used to retain the filter material is estimated to
ensure that it is negligible. The fire case, which generates the largest mass flow rate, assumes a filter vessel full of liquid
argon such that the saturated vapor generated due to this peak mass flow case does not have to travel the entire length of
the filter bed to reach the relief valve. To be conservative pressure drop thru the filter beds is calculated assuming the
argon gas has warmed from the flow rating temperature of 114.3 K to 300 K and its assumed that the all the vapor
generated passes thru the entire filter bed.

The filter pressure drop equation is taken from Union Carbide Molecular Sieve literature which is available in the
appendix.

ap _SCGL
filter — D ’
pﬁlrer p
where
fr = friction factor determined from the modified Reynolds’s number of Re, , = —"— and plot in the Union Carbide
Ufitier
Molecular Sieve literature
C: = p1r(<)assure drop coefficient determined from plot in Union Carbide literature for external void fraction of 0.37, 3.6 x
107
w = argon mass flow rate, 419.5 Ib/hr for the fire case
b
G = superficial mass velocity, G = = hrz =501.02 >
Aﬁlm 0.8373 ft hr- ft

Aser = cross-sectional area of the filter, 0.8373 t? (12.39in. ID for 12 inch SCH 10 pipe)

v3.10.15 18 /424



Terry Tope — version 12.23.14
11/14

usrer = argon gas viscosity, 0.05534 Ib/(ft*hr) (argon gas at 80.3 °F and 126.2 psia)

D, = effective particle diameter of filter material, D, = 0.00336 ft. for oxygen filter material, D, = 0.00666 ft. for
molecular sieve material.

L = length of filter bed, 3.33 ft.

Priter = argon gas density, 0.874 1b / ft® (argon gas at 80.3 °F and 126.2 psia)

The modified Reynolds number for each filter is

00336 ft) 501.02[b 00666 fi) 501.021b
Remod,oxygen = ( lb) hr' ftz = 304‘, Remod,molecu/arsieve = ( llz h}"' ftz = 603
0.05534———— 0.05534———
Jt-h ft- h

r r
Based on the modified Reynolds numbers, fris 2.55 the oxygen filter and 1.78 for the molecular sieve.

_2.55%x3.6x 107" x 501.02° x 3.33

AP = = 0.261 psi
oxygen 0.874 x 0.00336 pst
178 x 3.6 x 107" x 501.022 x 3.33
APmolecular = . X x x = 0092 pSl
0.874 x 0.00666

Thus the pressure drop thru the filter beds themselves is negligible and in reality would likely be much lower due to colder
vapor temperatures and the fact that not all of the vapor would have to pass thru the entire bed. In this application the
filter material will mix such that the pressure drop calculated for the oxygen material is an upper limit.

Vapor generated during a relief event must pass thru the filter material retention screens. The screen is shown in FNAL
drawing # 489456. The screen assembly consists of two slotted plates sandwiching two screens. Using ImagedJ software
the slot open area was calculated as 32 in® = 0.222 f*. Item 4 in drawing # 489456 will be referred to as screen 1 for
calculation purposes and has a 60 x 60 mesh, 0.0075” wire diameter, 0.009” opening width, and 30.5% open area. Item 3
in drawing # 489456 will be referred to as screen 2 for calculation purposes and has a 8 x 8 mesh, 0.035” wire diameter,
0.09” opening width, and 51.8% open area.

The 5" edition of the Chemical Engineers’ Handbook by Perry and Chilton has an equation for pressure drop thru screens
on page 5-37. It states that flow thru a screen can be considered as flow thru a number of orifices or nozzles in parallel.
It also notes that for a series of screens the over-all head loss is directly proportional to the number of screens in series
and is not affected by either the spacing between successive screens or by their orientation with respect to one another.

Since the two screens are different sizes, the pressure drop will be calculated individually across each screen using
equation 5-100 from the Chemical Engineers’ Handbook.

w2

Ah = head lost, ft. of fluid flowing
n = number of screens in series, dimensionless, 1 because the screens are calculated individually
C = screen discharge coefficient, dimensionless,s C is a function screen Reynolds number Ng,
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a = fractional free projected area of the screen, dimensionless, 0.305 for screen 1 and 0.518 for screen 2
74 = superficial velocity ahead of screen, ft/sec
o S = dimensional constant, 32.17 (Ib.)(ft.)/((Ib. force)(secz)
N, = DVp

au
D¢ = aperture width, 0.00075 ft. for screen 1 and 0.0075 ft. for screen 2
Ie = fluid density, 0.874 Ib/ft° for argon gas at 126.2 psia and 80.3 °F
u = fluid viscosity, 0.00001537 Ib/ft-sec for argon gas at 126.2 psia and 80.3 °F

The superficial velocity ahead of the screen is calculated from the fire relief event mass flow rate and the open slot area

1 ’ 1 t
AT KL AV L AV o6l
PXA, .o hr 3600 sec 0.8741b 0.222 ft sec

The screen Reynolds number for screen 1 is

_ 000075 x 0.6 x0.874

Re " 0.305 x 0.00001537

and the screen Reynolds number for screen 2 is

_0.0075x0.6x0.874
Re ™ 0.518 x 0.00001537

such that the screen discharge coefficient C is 0.7852 for screen 1 and 1.155 for screen 2 according to figure 5-44
Chemical Engineers’ Handbook.

The pressure drop for screen 1 is then

1 1-0.305 6 874 112
Ah=( 2) 03025 0.6 =0.088ft=0.088ftx0873 b ﬁ_ ~ =0.0005 psi
078522\ 0305 | 2x322 f 144 in

and for screen 2 is

1 \1-0518° 6 874 111
h=( 2) 0528 06 =0.011fr=0.011ft><0873lbx f. - =0.000067 psi.
1.155 0.518 2x322 Jt 144 in

Thus the filter material retention screens are not a significant restriction during a relieving event.

Loss of Vacuum Condition
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Because the fire condition includes atmospheric air in the vacuum space, the preceding fire calculation also indicates the
relief capacity is more than adequate for an operational loss of insulating vacuum.

Vapor Generation Due to Filter Regeneration Gas Heaters

Two Omega model AHPF-122 gas heaters (HTR-412-A & HTR-416-A), mounted externally with respect to the filter vessel
assembly, can heat argon or a non-flammable mixture of hydrogen/argon from room temperature to 200 C to regenerate
the filters. The premixed hydrogen/argon is supplied by a tube trailer. The tube trailer supply is relieved by PSV-406-H
set at 100 psig such that the hydrogen/argon regeneration gas supply cannot over pressurize the filter vessels. PSV-406-
H is identical to the relief valves protecting the filter pressure vessel such that its capacity of 282 SCFM at 100 psig air
exceeds the 150 SCFM capacity of the Matheson Model 3201 pressure regulator connected to the tube trailer, PRV-400-
H. See appendix for regulator details.

Temperature of the Inner Vessel

Although the filter regeneration gas flow cannot over pressurize the vessels, it must also be shown that the code stamped
upper temperature limit of +932 °F cannot be exceeded. In addition to PLC PID heater control, a hardwired temperature
interlock on each heater protects the filter vessels (TE-417-A and TE-413-A). These are hardwired temperature interlocks
that are independent of the PLC and drop the heater AC power if the measured temperature exceeds +572 °F. To restart
the heater AC power the temperature must drop below +572 °F and a physical reset button must be pushed. Operational
experience at LAPD has shown that the heaters are marginal with respect to reaching the desired +392 °F regeneration
temperature such that exceeding the +932 °F rating of the inner vessel is not operationally possible.

Filling of the LArIAT Cryostat

Liquid argon used to fill the LArIAT cryostat will pass thru the filter vessels detailed in this pressure vessel note. The
supply liquid argon tank has its primary reliefs set at 100 psig such that the MAWP of the filter cannot be exceeded.

Filter Vessel Vacuum Relief (identical to LAPD calculation)

The filter vessel is contained within its own insulating vacuum. Vacuum breaks prevent communication between the filter
vessel insulating vacuum and any piping insulating vacuum. The parallel plate relief is installed without springs.
According to Eden Cryogenics drawing BC-02128-0103 the outside diameter of the parallel plate top plate is 5.5 in®, the
thickness is 0.5 in, and the material 304 stainless, which has a density of 0.28 Ib/in®. The weight of the parallel plate top
relief is

T
4

0.28 Ib
(5.5%) in® x 0.5 in x ——— =333 Ib.

in

Eden drawing BC-02128-5875 dimensions the sealing o-ring diameter as 4.137 inches. Thus the force required to lift the
top plate is the weight of the plate divided by the internal area against which pressure acts:

3331 =0.25%‘

T .

~(4.137%) in? n

4

Thus the cracking pressure of the parallel plate relief is 0.25 psi.

According to the CGA S-1.3—2008 5.4, the area of a vacuum relief in sq. in. should be 0.00024 in’/lb of vessel water

capacity. The density of water is about 8.34 Ib/gal. The vacuum jacket volume is estimated as a cylinder of 24 inch SCH
10 pipe 75 inches tall (the displacement of the inner vessel is ignored).
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lgal y 834 Ib
231in’ gal

%(23 .52) in> x 75 in x =1,174.5 Ib water capacity.

Thus the required vacuum relief area is

. 2

0.00024% x 11745 Ib =028 in>.

The parallel plate is sits atop a 3 inch SCH 10 pipe. The vacuum relief flow area is

1(326°) in =835 in’

which is much larger than the required 0.28 in® such that the vacuum jacket is adequately relieved according to CGA S-
1.3—2008 5.4.

Condensation (identical to LAPD calculation)

The saturation temperature that corresponds to the relieving pressure of the liquid argon is 114.3 K. This temperature is
above the boiling point of nitrogen (77.4 K) or oxygen (90.2 K) such that condensation of the major components of air will
not occur.

At atmospheric pressure carbon dioxide deposits directly to a solid. Air contains about 388 ppm CO, by volume. The
heat of sublimation of CO, is 199,000 J/kg. The density of CO, at standard conditions (70 °F & 14.7 psia) is 0.114 Ib/ft°.
The air flow required to deposit CO; on the surface of the liquid argon vessel at a rate equal to the 3,697 W fire case heat
load is calculated as follows

k 221b . 111 >
3,6971 9 8co, N co, 69 S o Jico, 9 ﬁairG — = 63,643ﬁ—fm.
s 199,000  1kg,  min 0.114 lb,, 338 x107 fic,, min

It is not possible for 63,643 SCFM of air to flow into the vacuum jacket to provide CO, for this rate of sublimation.

The latent heat of condensation for water at 70 °F is 2,455,000 J/kg-K. At 70 °F saturated air contains 0.00109 Ib of water
per cubic foot of air. Thus to condense the moisture in air at a rate that corresponds to the fire case heat input requires an
air flow of

k 221b 3 3
3,6971 x o 19 « 60_ 5« Sai =183 fi ar
s 2,455000J ° 1kg,, ~min 0001086 b, , min

Once the moisture is removed from the air in the 19 ft* vacuum jacket, there is no mechanism to displace stagnant dry air
in the vacuum jacket with a 183 SCFM flow of fresh moist air.

Vent Pressure Drop for PSV-109-A

The relief valves for the filter vessel vents into the room.
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Qrotar = 3,697 W, calculated heat flow
Heat transfer from the ambient to the liquid
argon by combined convection and radiation

Stainless steel vacuum jacket at 922 K (1,200 F)
@— 24 inch SCH 10 pipe
0.60 meter ID (23.5 inches)

Six highly polished aluminum radiation shields
p ~ 0.009525 meter spacing (0.375 inches)
—~ (0.0794 meter spacing (3.125 inches)

Stainless steel vacuum jacket at 114.3 K (-254 F)
=12 inch SCH 10 pipe
0.32 meter OD (12.75 inches)

Liquid argon at a flow rating pressure of 8.7 bar

absolute (126.2 psia)

@—::= 1.0, T, = 922 K input
T,=883.5K )
T;=817.9K
T,=T740.4K
Ts=644.9 K
—— 6= 0.1, T;= 518.4 K
—;=0.1,T,=3246K _J
— 5= 1.0, T = 114.3 K, input

e £ = (0.1,
e £3= 0.1,
— = 0.1, Calculated

—c5=0.1, >temperatures

—\/acuum space filled with air
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Figure 1: Dimensions, properties, and results for the fire case relief valve calculation.
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convection convection convection convection convection convection convection

Figure 2: Heat transfer resistance network for the fire case.
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WORKING EQUATION

~ The Ergun equation(2) for the calculation of pressure drop in adsorbent beds is in good
agreement with numerous pressure drop measurements made in Union Carbide laboratories
and on commercial adsorption units for both gas phase and liquid phase operation.

Use the following modified form of the equation to calculate pressure drob through
Molecular Sieve beds:

AP f,CG?
T 7 pD,
where: ,

C, = pressure drop coefficient (ft) (sq hr)/(sq in)
D, = effective particle diameter(®), ft.
f, = friction factor

G = superficial mass velocity, Ib/(hr) (sq ft) N
L = distance from bed entrance, ft. &\pef;\ éeg\%‘w}

AP = pressure drop, psi
= fluid density, Ib/cu ft.
AP/L is the pressure drop per unit length of bed in psi/ft.

©
|

The friction factor, f, is determined from the'aécompanying graph (page 3) which has

f, plotted as a function of modified Reynold’s number. . -

Modified Re = D, G/,

u = fluid viscosity, Ib/(hr) (ft)
[multiply centipoise by 2.42 to obtain 1b/(hr) (ft)]

The*pressure drop coefficient, C,, is determined from the graph (page 3) which has C;
plotted as a function of external void fraction, €. '

The suggested values for € and D, for various sizes of LINDE Molecular Sieve are:

€ D,

178-inch pellets 037 00122ft.
1/16-inch pellets 037  0.0061 ft.

14x30 mesh granules 0.37  0.0033 ft.

(a) Ergun, S., Chem Engr Prog, 48, 78 (1952)
D :
(b) Dy = G+ (1/3) (Do/Lo) where Dy is the particle diameter and L, is the particle length
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EXTERNAL VOID FRACTION, €

(’\3 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40
. 6
1000 .
. 5
“!- N
lf . -
: 4
e = =
Q -3.6
w1001 ‘ '
z [t
o =
P‘ -
0 saoeatiil
m -~
b H
- £t
10 f 2
EXTERNAL VOID FRACTION, €=0.37
£ =
/\’\‘ 140 i ; il
(_, V 0.1 1 10 100 1,000 10,000
B DpG _ '
MODIFIED REYNOLDS NUMBER,— —

Determine the pressure drop through an 8 ft. diameter by 10 ft. deep bed of LINDE
Molecular Sieve 1/16-inch pellets drying 55 MMSCFED of gas at SO°F and 420 psig. The gas
has a molecular weight of 25, a viscosity of 0.010 cp, and a density of 2.0 Ib/cu.ft. at

%
operating conditions.
55 x 10% SCFD _25 lbs/mol 1 | |
= T4 hrsjday _ 379 SCF/mol 7 (8)?/4 sq. ft.~ 3000 Ib/(hr) (sq.ft.)
: _ ., _(0.0061)(3000) _
Modified Re = D,G/py = (342 (0.010) 756
f, (from figure)= 1.07 ‘ :
C, (from figure for e of 0.37) = 3.6x1071°
AP _ (1.07) (3.6) (3000)% (10-10) _ .
| L~ (2.0) (0.0061) = 0.28 psi/ft.
( For a bed depth of 10 ft.

AP = (0.28) (10) = 2.8 psi
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For flow through a curved pipe or coil, a secondary circulation

offfu ﬂ id called the double-eddy or Dean eEect takes place in a plane

t angles to the main flow. Because of this circulation the

at I n loss in the curved pipe is greater than in an equal length

o
f:f](;ttlmght pipe. This circulation also stabilizes laminar flow, thus
10—
e—
6»—* -
— o
:lJ . LA at
- AT
2 ~
L -4—‘/
o 2 4 68102 2 4 68103 2 4
bs (D )"2
# " De

Fo. 5-43. Equivalent length for curved pipe in lammar flow.
[White, Proc. Roy. Soc. .(London), A-I23, 645 (1929).] -I-: =1 '

12
forBG—(-P-) <10,
e \D,

increasing the critical Reynolds number. The maximum Reynolds

pumber, or critical Reynolds number, for laminar flow as a function
of pipe diameter and coil diameter is given by Srinivasan, Nan-
dapurkat, and Holland [Chem. Engr. (London), No. 218, CE113-
CE119 (May, 1968)]:

S 5
(Voo = 2100 (1 +12 /—-)
A D,

for 10<D,/D < 250, where (Ng Jerit = (DG/}L)cﬂt = critical
Reynolds number, dimensionless; D = pipe diameter, ft.;
diameter, ft.; G = mass velomty, Ib./(sec.)Xsq. ft.); p = ﬂmé viscos-
ity, Ib./(ft. )(sec ).

Total friction loss for laminar flow in curved pipe can be ex-
pressed in terms of an equivalent length L, of straight pipe. Ratio
of the equivalent to actual coil center-line length L,/L is a function
of the Dean number or Ng,VD/D, as shown in F1g 5-43 (see also
Srinivasan et al., loc. cit.). This curve is accurate to within +5

(5-98)

per cent. A summary of published theoretical work plus their.

theoretical analysis of pressure drop in laminar flow in a coiled tube

= coil -

FLOW IN PIPES AND CHANNELS -5-37

is given by Larrain and Bonilla [Trans. Soc. Rheology, 14(2), 135-147
(1970)]. The friction loss for turbulent flow can be computed from
the Fanning equation, Eq. (5-52), where for industrial helices the
friction factor f, is given by the empirically determined equation

(see Srinivasan et al., loc. cit.): - .
D05
- f,= 0.08N32%5 + 0.01 (E) (5-99)

c
Equation (5-99) is probably accurate within =10 per cent.

The pressure drop for flow in spirals is discussed by Srinivasan

~ etal., loc. cit., and Ali and Seshadri [Ind. Eng. Chem. Process Design

Deoelop 10, 328-332 (1971)].

Screens. The flow through a screen can be considered as - flow
through a number of orifices or nozzles in parallel. Thus the pres-
sure drop or head loss across a screen can be computed from an
orifice-type equation. The resulting equation for head loss is

o= () () )

where Ah = head loss ft. of fluid flowing; n = number of screens
in series, dimensionless; C = screen discharge coefficient, dimen-
sionless; & = fractional free projected area of screen, dimensionless;
V = superficial velocity ahead of screen, ft./sec.; g, = dimensional
constant, 32.17 (Ib.)(ft.)/(Ib. force)(sec.?). Experimental data [Groot-
enhuis, Proc. Inst. Mech. Engrs. (London), A168, 837-846 (1954)]
indicate that for a series of screens the over-all head loss is directly
proportional to the number of screens in series, as given by Eq
(5-100), and is not affected by either the spacing between successive
screens or by their orientation with respect to one another.

Screen dlscharge coefficient C is a function of screen Reynolds
number, N, = DVp/ap., where D = aperture width, ft.; p =
fluid densxty, Ib. /cu 5 po = fluid v1sc051ty, Ib. /{ft. )(sec) For plain
square-mesh screens, Lapples plot of C vs. Ny, is given in Fig.
5-44 (courtesy of E. I. du Pont de Nemours & Co) This curve
represents most of the data to within 20 per cent. Coefficients
greater than 1 probably indicate that the effective free area is larger
than that of the projected area and that there is partial recovery
of head due to the downstream rounding of the wires.

A correlation of over-all frictional losses across plain square-mesh
screens and sintered gauzes is given by Grootenhuis (loc. cit). A
correlation based on a packed-bed model for plain, twill, and
“dutch” weaves is presented by Armour and Cannon [Am. Inst.
Chem. Engrs. J., 14, 415-420 (1968)].

Baffles. For segmental baffles, such as tubé-bundle baffles in heat
exchangers, the over-all friction loss for turbulent flow can be

(5-100)

N D WO

O 00 OO
N OIS D@D
\

Discharge coefficient C

O

(o]e)
e
\

004 ‘.

003

002}~

0.0}

ol .- 10 o

Reynolds number Ny

100 1000

16000 100,000

DsP

fic, . '
4. Screen dlscharge coefficients, plam Square-m&sh screens. (Courtesy of E. 1. du Pont de Nemours & Co.)
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TYPE RXSO

0 - 400 psig

Rochw’*c‘“"”‘“‘mé“&”’*él
Swendeman

BRONZE
SAFETY RELIEF VALVES

Filter vessel ASME relief mfg info, PSV-568-Ar & PSV-601-Ar,
Also used for PSV-108-HAr

Technical Data

Operating Ranges

Temperature ............... -423°F to +400°F
Set Pressures ............... to 400 psig
Materials of Construction
Shell .....coovviiiiiinn, Cast Bronze,
A.S.M.E SB-62
Base.....o.coovviiiiiinnnnn, Forged Brass,
Alloy C37700
Trim Copper Alloy
Spring .ooooeeee Stainless Steel
17-7 PH AS.TM.,
A-313, Type 631
Tests

Each valve is set, tested, retested and sealed at
the factory to the customer’s specifications.

Sizes
Inlet - 1/2 inch to 2 inch

Qutlet - 3/4 inch to 2-1/2 inch

Applicable Codes

Designed and manufactured to meet:
* CGA S-1.2 and S-1.3.
¢ 14301 (Cryogenic Non-Oxygen)
¢ \-4401 (Oxygen)
e ASME sec.VIIl
¢ API 527
¢ AD-Merkblatt A2
¢ CRN 0G0591.9

Features

e Special Teflon® seat, making bubble-tight
seals possible to over 90% of set
pressures per spec APl 527; not
applicable to steam.

e Adjustable blowdown ring

e Meets AD-Merkblatt A2 certified by TUV
e Cleaned and packaged for use in O,
service in compliance with the CGA
specification G-4.1
Additional cleaning specifications:

* 4WPI-SW70003  * ES.660.503
* GS-38 * GS-40
Application

e Especially recommended where noxious
or expensive liquids or gases place a
premium on seal quality.

e Stationary Cryogenic storage tanks
e Dual Safety relief systems

e Overpressure relief of tanks, pipelines,
vessels, pumps

e Air and gas compressors
e Corrosive industrial applications

Options
e Large and Extra Large Capacity
Consult factory for flow rates

e BSP threads are available on most sizes
Lever operation
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Dimensions & Characteristics Type RXSO

AIR CAPACITY TABLE
Discharge capacities in cubic feet per minute of air at 10% or 3 PSI, whichever is greater, overpressure.

, 1/2 3/4 1 1-1/4 . 1/2 1/2 3/4 1 1-1/4
'Ig'(;f ess'zes 12 34 1 1174 1172 'I"I:‘::]Sges 34 34 1 1174 1-1/2
3/4 1 1-1/4 1-1/2 2 1 1-1/4 1-1/2 2
; 374 1 1-1/4 1-1/2 2 . 3/4 1 1-1/4 1-1/2 2
Outlet Sizes 1 14 12 2 22 Outlet Sizes 1 14 12 2 212
) A B ¢ D E : A B c D E
SeatDiameter /o, 000 1250 1500 2000 SeatDiameter /o) 1000 1250 1500 2000
Flow Area 0.118 0.204 0.326 0.424 0.628 Flow Area 0.118 0.204 0.326 0.424 0.628
Set Pressure Set Pressure
10 36 63 100 130 193 210 321 555 887 1153 1708
15 43 74 118 154 227 215 328 567 907 1179 1747
20 48 85 136 177 262 220 335 580 927 1205 1785
25 55 96 154 200 297 225 343 592 946 1231 1823
30 62 108 172 224 332 230 350 605 966 1257 1861
35 70 120 192 250 370 235 357 617 986 1283 1900
40 77 133 212 276 408 240 364 629 1006 1308 1938
45 84 145 232 301 446 245 371 642 1026 1334 1976
50 91 157 252 327 485 250 378 654 1046 1360 2014
55 98 170 271 353 523 255 386 667 1066 1386 2053
60 105 182 291 379 561 260 393 679 1085 1412 2091
65 113 195 311 405 599 265 400 692 1105 1437 2129
;g 1 2(7) g% gg} jgg ggg 270 407 704 1125 1463 2167
275 414 716 1145 1489 2206
80 134 232 37 482 714 280 422 729 1165 1515 2244
gg 1 3; gg;‘ 251:’(1) ggi ;gf 285 429 741 1185 1541 2282
290 436 754 1204 1567 2320
95 156 269 430 560 829 295 443 766 1224 1592 2359
100 163 282 450 585 867 300 450 779 1244 1618 2397
] ?g ] ;‘7’ gg;‘ jgg g;} ggi 305 258 791 1264 1644 2435
115 184 319 510 663 982 310 465 803 1284 1670 2473
b b e 230 689 Byiveod 315 472 816 1304 1696 2511
195 199 214 249 715 1058 320 479 828 1324 1721 2550
130 508 356 289 10 1097 325 486 841 1343 1747 2588
135 213 369 589 766 1135 330 493 853 1363 1773 2626
140 220 381 609 792 1173 335 501 866 1383 1799 2664
145 298 393 629 818 1211 340 508 878 1403 1825 2703
345 515 890 1423 1851 2741
150 235 406 649 844 1249
755 545 718 668 869 1588 350 522 903 1443 1876 2779
355 529 915 1463 1902 2817
1 24 431 132
1 gg 252 423 ?33 33? 1 362 360 537 928 1482 1928 2856
175 571 468 748 973 1441 370 551 952 1522 1980 2932
180 578 280 768 999 1479 375 558 965 1542 2005 2970
185 285 493 788 1024 1517 380 565 977 1562 2031 3009
190 292 505 807 1050 1555 385 990 989 1582 2057 3047
195 299 518 827 1076 1594 390 580 1002 1602 2083 3085
200 307 530 847 1102 1632 395 587 1015 1621 2109 3123
205 314 543 867 1128 1670 400 594 1027 1641 2135 3162
DIMENSIONS & WEIGHTS
Inlet Outlet A B C Weight Max Psi
% % 5 "% 2 %o 1 "% 2 Ibs. max 400 psi
% 1 6 %s 2 %%, 1 % 3 Ibs. max 400 psi
% % 6 %s 2 %s 1 %6 2 |bs. max 150 psi
% 1 6 %o 2 %%, 1 % 3 Ibs. max 400 psi
1 1 7 % 2 "% 1% 4 |bs. max 150 psi
1 1% 7 %s 3 % 1 % 5 Ibs. max 400 psi
1% 1% 8 %%, 3% 2 %s 6 Ibs. max 150 psi
1% 1% 9% 3 e 2 %s 7 Ibs. max 400 psi
1% 1% 9 %% 3 e 2 %s 7 Ibs. max 150 psi
1% 2 10 % 3 % 2% 9 Ibs. max 400 psi
Py vl 2 2 10 % 3% 2% 9 Ibs. max 150 psi
L g 2 2% 10 % 4 e 2 % 10 Ibs. max 400 psi

TO ORDER: See Page 14
—-5—
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Rochwood
Swendeman

SAFETY RELIEF VALVES

How To Order
Sample: 710 N B D E -A 025
MODEL NUMBER |— SET PRESSURE |=100 psig
RXSO Bronze ASME coded with O, cleaning
75 RXSO Bronze TUV coded with O, cleaning VALVE SERVICE (For Set Valves)
760 - RXSO-S Stainless Steel RXSO with O, cleaning [A - Air/ Gas Sec. VIl |
770 - RSL Bronze Non ASME coded with O, cleaning N - Air/Gas/ Liquid Non Code
775 - RSL SS Non ASME coded with O, cleaning E - Air/Gas TUV
Z - Other
CAP
[N] - Plain Cap ———— OUTLET SIZE (inches)
E - Open Lever D - 3/4
E - 1
ORIFICE F_-_1-1/4]
- G - 1-1/2
A - 0.750 H. 2
C - 1250 J 2-1/2
D - 1.500 .
E - 2.000 INLET SIZE (inches)
C - 12 F- 1-1/4
D - 34 G- 1172
E_- 1] H- 2
DIVERTER AND CRYOTREE™
How T rder CRYOTREE only
ow To Orde YOTHEE ¢
Sample: 790D F D C A B-E B 250
MODEL NUMBER ———— L SET PRESSURE
780 - Diverter Valve
790 - CryoTree™ SRV ORIFICE
) A - 0.750
DIVERTER VALVE SIZE (inches) B - 1.000
D - 34 C - 1.250
E -1 D - 1.500
E - 2.000
ORIFICE SRV OUTLET
F - Ful D - 34
- E - 1
TOP PORT (inches) F oo 11/
D - 34 H- 2
E -1
F - 1-1/4
MATERIAL
BOTTOM PORT (inches) B - Bronze with 316 Stem
A - 1/4 E- 1 _
B - 3/8 F - 1-1/4 SIDE PORT (inches)
c - 12 G - A - 1/4 D - 34
D - 38/4 B - 3/8 E - 1

c - 12 F - 1-1/4

SC RS/0604

—14 -
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(%?) Regulators

PRV-106-HAr, regulator that supplies filter regeneration gas

BELL Model 3200 Series
Single-Stage High-Purity/High Flow Brass and Stainless Steel Regulator

siole|nbay

Description
High-purity regulators for use with high flow rate applications.

Applications
* Applications requiring a high flow rate, such as purging of large
reactor or storage vessels.

Design Features/Components

¢ High-purity nickel plated brass barstock or 316 stainless steel
body

* 316 stainless steel diaphragm

* Panel mountable

* Bonnets are ported and threaded to pipe gases away
from the work area

* Available as an in-line regulator or a cylinder regulator

Materials of Construction

Body: 316 stainless steel or nickel plated
brass barstock

Bonnet: Stainless steel

Diaphragm: Teflon lined 316 stainless steel

Seat: Kel-F 81

Seals: Teflon

Specifications

In-Line Regulator Cylinder Regulator
Maximum Inlet Pressure: 3000 psig 3000 psig

(20,700 kPa) (20,700 kPa)
Maximum Flow Rate: See Table Below*
Flow Capacity (Cv): 1.0 1.0
Operating Temperature: -40°F to 165°F -40°F to 165°F

(-40°C to 74°C) (-40°C to 74°C)
Inlet Ports: 1/2" NPT Female 1/2" NPT Female
Outlet Ports: 1/2" NPT Female 1/2" NPT Female
Outlet Connection: None 1/2" tube fitting
Gauge Ports: 1/4" NPT Female 1/4" NPT Female
Bonnet Vent Port: 1/16" ENPT 1/16" ENPT
Shipping Weight: 4 1bs 51bs

* Maximum Flow Rates for In-Line Regulators and Cylinder
Regulators (at 2500 psig inlet pressure)

Delivery Pressure Flow Rate
50 psig 100 SCEM (2832 SLPM)
[100 psig 150 SCFM (4248 SLPM)|
125 psig 200 SCEM (5664 SLPM)
200 psig 250 SCFM (7080 SLPM)

Ordering Information L
In-Line Regulator Models

Delivery Pressure  Delivery Pressure

Model Number Range Gauge
Stainless Steel Models

3200 0-50 psig 0-100 psig
3201 0-100 psig 30"-0-200 psig
3203 0-150 psig 30"-0-300 psig
3204 0-250 psig 0-400 psig
Brass Models

3240 0-50 psig 0-100 psig
3241 0-100 psig 30"-0-200 psig
3243 0-150 psig 0-400 psig
3244 0-250 psig 0-400 psig

Cylinder Regulator Models

Delivery Pressure  Delivery Pressure  Cylinder Pressure

Model Number Range Gauge Gauge
Stainless Steel Models

3200-CGA 0-50 psig 0-100 psig 0-3000 psig
3201-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3203-CGA 0-150 psig 30"-0-300 psig 0-3000 psig
3204-CGA 0-250 psig 0-400 psig 0-3000 psig
Brass Models

3240-CGA 0-50 psig 0-100 psig 0-3000 psig
3241-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3243-CGA 0-150 psig 0-400 psig 0-3000 psig
3244-CGA 0-250 psig 0-400 psig 0-3000 psig
Available CGA’s:

Brass: 320, 346, 580, 590
Stainless Steel: 320, 326, 330, 346, 580, 590, 660, 705

Options
Model Number Description
63-2233 Inlet Pressure Gauge, 0-3000 psig -

For use with Model 3200-3204
Stainless Steel In-Line Regulators

316 Stainless Steel Gauge

63-3133
Chrome Plated Brass Gauge

Inlet Pressure Gauge, 0-3000 psig -
For use with Model 3240-3244
Brass In-Line Regulators

KIT-0204-SA Panel Mounting Kit
MSP-0012-XX Inboard Helium Leak Rate Certification
MSP-0013-XX Combination Inboard/Outboard Helium

Leak Rate Certification

www.mathesontrigas.com
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{Relief valve calculations for the fire conditions for the LAPD filter vessels}
{Considers both radiation between surfaces and convection between surfaces}

L_gap = 0.009525 {m, gap between the filter vessel wall and the radiation shields, vacuum jacket ID is 23.5" and filter vessel OD of
12.75" OD, gap was measured as roughly 3/8 inch}

L_gap_inches = 0.009525*39.37 {convert gap from meters to inches}

{ }
grad_12 = As*sigma*(T_1"4 - T_2"4)/(1/epsilon_1 + 1/epsilon_2 - 1) {W, radiation exchange between the vacuum jacket and the
outer shield}

grad_12+ qconv_12 = q_total {W, total heat flow from outer to inner vessel}

{convection between the vacuum jacket and the outer shield}

Ra_L12= g*Betal2*(T_1-T_2)*L1273/ ( alphal2*nul2) {Rayleigh Number}

Betal2 =1/T_film12 {1/K, volumetric thermal expansion coefficient}

T film12 = (T_1+ T_2)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L12=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches12 = 0.375 ({in, length of the gap between the two surfaces}

alphal2 = k12 / (rho12*Cp12) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mul2 =rhol2*nul2 {kg/ s*m, relationship between dynamic and kinematic viscosity }

k12 = Conductivity(Air,T=T_film12) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho12= Density(Air, T=T_film12,P=Patm12) {kg/m”3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm12=1.01325 {bar, pressure in the vacuum jacket}

Cpl12 =Cp(Air, T=T_film12) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mul2 =Viscosity(Air, T=T_film12) {kg/ s*m, viscosity }

H_over_L_ration12 = H_inches12/ L_inches12 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches12 = 65 {inches, height of the cavity}

H12=H_inches12/39.37 {meters, height of the cavity}

Pr12=nul2/alphal2 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_12 = hbar12*L12/k12 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_12 = hbar12*As*(T_1-T_2) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_12=(1+ ( ((0.0665*Ra_L12"(1/3)) / (1+(9000/Ra_L12)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range, Shewen et al }
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Nus_12 check_horizontal = 0.069*(Ra_L12~(1/3) )*(Pr12°0.074)

{ }
grad_23 = As*sigma*(T_2"4 - T_3"4)/(1/epsilon_2 + 1/epsilon_3 - 1)

grad_23+ gconv_23 = g_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L23= g*Beta23*(T_2-T_3)*L23"3/ ( alpha23*nu23) {Rayleigh Number}

Beta23=1/T_film23 {1/K, volumetric thermal expansion coefficient}

T _film23= (T_2+ T_3)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L23=L_inches23/39.37 {m, length of the gap between the two surfaces}

L_inches23 =0.375 ({in, length of the gap between the two surfaces}

alpha23 = k23 / (rho23*Cp23) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu23 =rho23*nu23  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k23 = Conductivity(Air, T=T_film23) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho23= Density(Air, T=T_film23,P=Patm23) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm23=1.01325 {bar, pressure in the vacuum jacket}

Cp23 =Cp(Air, T=T_film23) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu23 =Viscosity(Air, T=T_film23) {kg/ s*m, viscosity }

H_over_L_ration23=H_inches23/ L_inches23 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches23 = 65 {inches, height of the cavity}

H23=H_inches23/39.37 {meters, height of the cavity}

Pr23= nu23/alpha23 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_23 = hbar23*L23/k23 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_23 = hbar23*As*(T_2-T_3) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_23=(1+ ( ((0.0665*Ra_L23"(1/3)) / (1+(9000/Ra_L23)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_34 = As*sigma*(T_3"4 - T_4"4)/(1/epsilon_3 + 1/epsilon_4 - 1)

v3.10.15 36 /424



File:filter_vessel_relief_valve_calcs_v2_with_convection.EES 2/27/2011 9:03:17 PM Page 3
EES Ver. 8.378: #2527: For use only by Terry Tope, FERMILAB, Batavia, IL

grad_34+ qconv_34 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L34= g*Beta34*(T_3-T_4)*L34"3/ ( alpha34*nu34) {Rayleigh Number}

Beta34 =1/ T_film34 {1/K, volumetric thermal expansion coefficient}

T _film34 = (T_3+ T_4)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}

L34=L_inches34/39.37 {m, length of the gap between the two surfaces}

L_inches34 = 0.375 ({in, length of the gap between the two surfaces}

alpha34 = k34 / (rho34*Cp34) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu34 =rho34*nu34  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k34 = Conductivity(Air,T=T_film34) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho34= Density(Air, T=T_film34,P=Patm34) {kg/m”3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm34=1.01325 {bar, pressure in the vacuum jacket}

Cp34 =Cp(Air, T=T_film34) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu34 =Viscosity(Air, T=T_film34) {kg/ s*m, viscosity }

H_over_L_ration34 = H_inches34/ L_inches34 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches34 = 65 {inches, height of the cavity}

H34=H_inches12/39.37 {meters, height of the cavity}

Pr34= nu34/alpha34 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_34 = hbar34*L34/k34 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_34 = hbar34*As*(T_3-T_4) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_34=(1+ ( ((0.0665*Ra_L34"(1/3)) / (1+(9000/Ra_L34)*1.4) )2 ))™1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_45 = As*sigma*(T_4"4 - T_5"4)/(1/epsilon_4 + 1/epsilon_5 - 1)

grad_45+ qconv_45 = q_total {W, total heat flow from outer to inner vessel}
{convection between radiation shields}
Ra_L45= g*Betad5*(T_4-T_5)*L45"3/ ( alpha45*nu45) {Rayleigh Number}

Betad5 =1/T_film45 {1/K, volumetric thermal expansion coefficient}
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T_film45 = (T_4+ T_5)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L45=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches45=0.375 ({in, length of the gap between the two surfaces}

alpha45 = k45/ (rho45*Cp45) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu45 =rho45*nud45  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k45 = Conductivity(Air, T=T_film45) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho45= Density(Air, T=T_film45,P=Patm45) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm45=1.01325 {bar, pressure in the vacuum jacket}

Cp45 =Cp(Air, T=T_film45) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu45 =Viscosity(Air, T=T_film45) {kg/ s*m, viscosity }

H_over_L_ration45 = H_inches45/ L_inches45 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches45 = 65 {inches, height of the cavity}

H45=H_inches12/39.37 {meters, height of the cavity}

Pr45= nu45/alpha45 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_45 = hbar45*L45/k45 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_45 = hbar45*As*(T_4-T_5) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_45=(1+ ( ((0.0665*Ra_L45"(1/3)) / (1+(9000/Ra_L45)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_56 = As*sigma*(T_5"4 - T_6"4)/(1/epsilon_5 + 1/epsilon_6 - 1)

grad_56+ qconv_56 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L56= g*Beta56*(T_5-T_6)*L56"3/ ( alpha56*nu56) {Rayleigh Number}

Beta56 =1/ T_film56 {1/K, volumetric thermal expansion coefficient}

T_film56 = (T_5+ T_6)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L56=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches56=0.375 ({in, length of the gap between the two surfaces}

alpha56= k56/ (rho56*Cp56) {m2/s, thermal diffusivity, thermal dffusivity relationship}
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mu56 = rho56*nu56  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k56 = Conductivity(Air, T=T_film56) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho56= Density(Air, T=T_film56,P=Patm56) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm56=1.01325 {bar, pressure in the vacuum jacket}

Cp56 =Cp(Air, T=T_film56) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu56 =Viscosity(Air, T=T_film56) {kg/ s*m, viscosity }

H_over_L_ration56 = H_inches56/ L_inches56 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches56 = 65 {inches, height of the cavity}

H56= H_inches56/39.37 {meters, height of the cavity}

Pr56= nu56/alpha56 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_56 = hbar56*L56/k56 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_56 = hbar56*As*(T_5-T_6) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_56=(1+ ( ((0.0665*Ra_L56"(1/3)) / (1+(9000/Ra_L56)*1.4) )2 ))™(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_67 = As*sigma*(T_6"4 - T_7"4)/(1/epsilon_6 + 1/epsilon_7 - 1)

grad_67+ gconv_67 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L67= g*Beta67*(T_6-T_7)*L67/3/ ( alpha67*nu67) {Rayleigh Number}

Beta67 =1/ T_film67 {1/K, volumetric thermal expansion coefficient}

T _film67= (T_6+ T_7)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L67=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches67 = 0.375 {in, length of the gap between the two surfaces}

alpha67 = k67 / (rho67*Cp67) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu67 =rho67*nu67  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k67 = Conductivity(Air, T=T_film67) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho67= Density(Air, T=T_film67,P=Patm67) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }
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Patm67=1.01325 {bar, pressure in the vacuum jacket}

Cp67 =Cp(Air, T=T_film67) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu67 =Viscosity(Air, T=T_film67) {kg/ s*m, viscosity }

H_over_L_ration67 = H_inches67/ L_inches67 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches67 = 65 {inches, height of the cavity}

H67=H_inches67/39.37 {meters, height of the cavity}

Pr67= nu67/alpha67 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_67 = hbar67*L67/k67 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_67 = hbar67*As*(T_6-T_7) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_67=(1+ ( ((0.0665*Ra_L677(1/3)) / (1+(9000/Ra_L67)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

fqrad_78 = As*sigma*(T_774 - T_8"4)/(1/epsilon_7 + 1/epsilon_8 - 1) {radiation exchange t};etween the inner shield and the inner
vessel}

grad_78+ qconv_78 = q_total {W, total heat flow from outer to inner vessel}

Ra_L78 = g*Beta78*(T_7-T_8)*L78"3/ (alpha78*nu78) {Rayleigh Number}

g = 9.8 {gravitational acceleration m/s"2}

Beta78 =1/ T_film78 {1/K, volumetric thermal expansion coefficient}

T film78 = (T_7 + T_8)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L78 = L_inches78/39.37 {m, length of the gap between the two surfaces}

L_inches78 = 3.125 ({in, length of the gap between the two surfaces}

alpha78 = k78 / (rho78*Cp78)  {thermal diffusivity, m2/s, evaluated for air at ambient pressure and Tf }
mu78 = rho78*nu78 {viscosity kg/ s* m}

k78 = Conductivity(Air,T=T_film78) {thermal conductivity of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

rho78 = Density(Air, T=T_film78,P=Patm78) {density of the air in the vacuum space, evaluated for air at ambient pressure and the
average temperature of the two enclosure surfaces }

Patm78 = 1.01325 {bar, pressure in the vacuum jacket}
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Cp78 =Cp(Air, T=T_film78) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu78 =Viscosity(Air, T=T_film78) {kg/ s*m, viscosity }

H_over_L_ration78 = H_inches78 / L_inches78 {dimensionless, ratio of the cavity height H to the cavity gap L}

H_inches78 = 65 {inches, height of the cavity}

H78 = H_inches78/39.37 {meters, height of the cavity}

Pr78 = nu78/alpha78 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}

Nus_78 = hbar78*L78/k78 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_78 = hbar78*As*(T_7-T_8) {W, convective heat transfer rate between opposite cavity walls}

As = 4.132 {m"2 The surface area A for all calculations was taken as the surface area of a cylinder (including the top and bottom)

whose outside diameter matches the inner diameter of the vacuum jacket. This is conservative because the surface area of the

radiation shields and the inner vessel is significantly less than that of the vacuum jacket. }

Nus_78=0.046*Ra_L78"(1/3) {Incropera and Dewitt 4th edition equation 9.53} {Ral = 4.3E7. H/L = 21, Pr =0.7, applicable 1 < H/L <
40, 1076 < RaL < 1079 Ral, sightly out of the Pr range of 1 < Pr < 2E4 }

Nus_78_check_horizontal = 0.069*(Ra_L78"(1/3) )*(Pr78"0.074)

{ }

sigma = 5.67e-8 {Stefan-Boltzmann constant W/(m"2*K"4}
epsilon_1 =1 {surface emissivity of the ID of the vacuum jacket}
epsilon_2 = 0.1 {shield surface emissivity}

epsilon_3 = 0.1 {shield surface emissivity}

epsilon_4 = 0.1 {shield surface emissivity}

epsilon_5 = 0.1 {shield surface emissivity}

epsilon_6 = 0.1 {shield surface emissivity}

epsilon_7 = 0.1 {shield surface emissivity}

epsilon_8 = 1 {surface emissivity of the OD of the inner vessel}
T_1=922 {vacuum jacket temperature in K}

T_8=Temperature(Argon,P=8.70,x=0) {filter housing temperature in K}

Lgp = 0.009525

Lgapinches = 0.009525 - 39.37
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Pr23 = ————
alpha23

Nus,z; = hbar23 - %

qconvy; = hbar23 - As - [T, — Tj ]
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1/ 2
0.0665 - Ras L2/ 211\’ [ J
NU323 = 1+ 1.4
[ 9000 ]
1+
Ra 3
T4 - T,°
rad = As - |
q 34 Y 1 1
—+ — -1
€3 €4
grads, + CONVz, = Jiotal
L343

Ra = -Beta34 - | T3 — T4 | - —————
L34 9 [T + alpha34 - nu34

1
Beta34 =
T fiimaa
T + T
Thimas = %

L34 I—inchesS4

39.37
I—inchesS4 = 0.375
k34
alpha34 = ———
rho34 - Cp34

mu34 = rho34 - nu34

k34 = k ['AiIr' , T=Tfimas |

rho34 = p['Air', T=Tmss , P =Patm34 ]
Patm34 = 1.01325

Cp34 = Cp ['AIr', T=Tfimas |

mu34 = Visc ['AIr' , T=Tgimas |

H _ HinchesS4
over,L,ration34 -
I—inchesS4
HinchesS4 = 65
H34 = Hincheslz
39.37
nu34
P34 = ——_
alpha34
L34
Nusz; = hbar34 . ——
k34

gconvy, = hbar34 - As - [Ty — T4 ]
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1/ 2
0.0665 - Raas L2/ 211’ [ :
Nusz, = 1.4
[ 9000 ] :
+
Ray s
T, - T
rad = As - I e
gradys o 1 1
—+ — -1
€a €5
gradss + CONVgs = Jotal
L45°3

Ra = . Beta4s - [T, — T P
L4s g [T ] alpha45 - nu45

1
Betad5 =
Tiimas
T4 + T
Thims = ——— ) :

L45 = I—inchele

39.37
I—inches45 = 0.375
k45
alpha4ds = ——
rho45 - Cp45

mu45 = rho45 - nu45

ka5 = k ['Air', T=Tgms ]

rho45 = p['Air', T =Tms , P =Patm45 ]
Patm45 = 1.01325

Cp45 = Cp ['Air', T=Teims |

mud5 = Visc ['Air , T =Tgms |

H _ Hinches45
over,L,ration45 -
I—inches45
Hinches45 = 65
H45 = Hincheslz
39.37
nu45
Pras = ——_
alpha45
L45
Nus,s = hbar4ds5 - ——
k45
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gconvys = hbard5 - As - [T, — Ts ]

1/ 2
0.0665 - Ras L2/ 311 [ J
Nusgss = | 1 + 14
[ 9000 ] -
+
Ra4s
T4 - T
rad = As - |
gradse o 1 1
—+ — -1
€5 €6
gradss + CONVsg = Jiotal
L56°

Ra = - Beta56 - | Ts — T | - ————————
L56 9 [Ts o] alpha56 - nu56

1
Betab6 =
Tiimse
Ts + T
Thimss = ——— > :

L56 = I—inchele

39.37
I—inchesSG = 0.375
k56
alpha56 = ———
rho56 - Cp56

mu56 = rho56 - nu56

k56 = k ['Air , T=Tgmss |

rho56 = p['Air', T=Tgmss , P =Patm56 |
Patm56 = 1.01325

Cp56 = Cp ['AIr', T=Tfimss |

mu56 = Visc ['Air , T =Tgmss |

H _ HinchesSG
over,L,ration56 -
I—inchesSG
HinchesSG = 65
H56 = HinchesSG
39.37
nu56
P56 = ——>
alpha56
L56
Nussg = hbar56 - ——
k56

v3.10.15 46 /424



File:filter_vessel_relief _valve_calcs_v2_with_convection.EES 2/27/2011 9:03:18 PM Page 13
EES Ver. 8.378: #2527 For use only by Terry Tope, FERMILAB, Batavia, IL

gconvss = hbar56 - As - [Ts — Tg ]

1/ 2
0.0665 - Ra [*/ 211270 ]
NUS56 = 1+ 12
[ 9000 ] :
1 +
Ra s
T4 -1,
rad = As - . _—
gqradezy o 1 1
_t — = 1
€6 €7
grade; + qConve; = Qotal
Le7 2

Ra = - Beta67 - | Tg — T ————
L7 g [ ® 7] alpha67 - nu67

1
Beta67 =
Tiime7
Teg + T
Thimezr = %
L67 = I—inchele
39.37
I—inchesG7 = 0.375
k67
alpha67 = ——
rho67 - Cp67

mu67 = rho67 - nu67

k67 = k ['Air', T=Tgmer |

rho67 = p['Air', T=Tgme; , P =Patmé67 ]
Patm67 = 1.01325

Cp67 = Cp ['Air, T=Tgmer ]

mu67 = Visc [‘Air , T=Tgmer |

H _ H inches67
over,L,ration67
I—inchesG7

H inches67 = 65

H inches67
39.37

H67 =

nué7

Pré7 = ————
alpha67
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Nusg; = hbar67 - tg—;

gconve; = hbar67 - As - [Te — T7 ]

1/ 2
0.0665 - R, [*/ 211270 ]
NUSG7 = 1+ 12
[ 9000 ] :
+
Ra g7
T, - T
rad = As - . _—
gradzg o 1 1
_t — = 1
€7 €s
gradzg + qCconvszg = Qotal
L78®

Ra = - Beta’8 - | T; = T ————
L g [ ! 8] alpha78 - nu78

g = 9.8
1
Beta78 =
Tiiimzs
T, + T
Thims = 778

L78 I—inches78

39.37
I—inches78 = 3.125
k78
alpha78 =
rho78 - Cp78

mu78 = rho78 - nu78

k78 = k ['Air , T=Tgms |

rho78 = p['Air', T =Tms , P =Patm78 ]
Patm78 = 1.01325

Cp78 = Cp [‘Air, T=Tms ]

mu78 = Visc ['Air , T=Tgms |

H _ H inches78
over,L,ration78 -
I—inches78

H inches78 = 65

H inches78
39.37

H78 =

v3.10.15 48 /424



File:filter_vessel_relief _valve_calcs_v2_with_convection.EES 2/27/2011 9:03:18 PM Page 15
EES Ver. 8.378: #2527 For use only by Terry Tope, FERMILAB, Batavia, IL

nu78

Pr7g = ———
alpha78

Nus7g = hbar78 - %

gconvsg = hbar78 - As - [T, — Tg ]
As = 4132
Nus,s = 0.046 - Rays L1/ 2]

NUS 7g check,horizontal = 0.069 - Rays [l ! 3] - Pr7g %™

o = 567x107°

€1 =1
g2 = 01
es = 0.1
gq = 01
es = 0.1
es = 0.1
g7 = 01
gg =1
T, = 922

Tg = T['Argon',P=8.7,x=0 ]

SOLUTION
Unit Settings: [J]/[K]/[bar]/[kg]/[degrees]

alphal2 =0.0001423 [m?s] alpha23 =0.0001298 [m?s]
alpha34 =0.0001131 [m?s] alpha45 =0.00009375 [m?/s]
alpha56 = 0.00007037 [m?/s] alpha67 =0.00004032 [m?/s]
alpha78 =0.00001209 [m?/s] As =4.132 [m?

Betal2 =0.001108 [1/K] Beta23 =0.001175 [1/K]
Beta34 =0.001283 [1/K] Beta45 =0.001444 [1/K]
Beta56 =0.001719 [1/K] Beta67 =0.002373 [1/K]
Beta78 =0.004557 [1/K] Cpl12 =1121 [J/kg-K]

Cp23 =1110 [J/kg-K] Cp34 =1094 [J/kg-K]

Cp45 = 1073 [J/kg-K] Cp56 = 1047 [J/kg-K]

Cp67 =1016 [J/kg-K] Cp78 =1002 [J/kg-K]

e1=1 e2=0.1

e3=0.1 e4=0.1

5 =0.1 6 =0.1

e7=0.1 es=1
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g =9.8 [m/s?

H23 =1.651 [m]

H45 =1.651 [m]

H67 =1.651 [m]

hbarl2 = 6.552 [W/*m? * K)]
hbar34 =5.884 [W/*m? * K)]
hbar56 = 4.693 [W/*m? * K)]
hbar78 = 3.959 [W/*m? * K)]
Hinches23 = 65 [in]

Hinchesas = 65 [in]

Hinchese7 = 65 [in]

Hover,L ration12 = 173.3 []
Hover,Lration34 = 173.3 []
Hover,Lrationse = 173.3 []
Hover,L ration7s = 20.8 []

k23 =0.05979 [W/m-K]

k45 =0.05126 [W/m-K]

k67 =0.03431 [W/m-K]

L12 = 0.009525 [m]

L34 = 0.009525 [m]

L56 = 0.009525 [m]

L78 = 0.07938 [m]

Lgap,inches = 0.375 [in]
Linches23 = 0.375 [in]

Linchesas = 0.375 [in]

Linchess7 = 0.375 [in]

mul2 = 0.00003926 [kg/m-s]
mu34 = 0.00003581 [kg/m-s]
mu56 = 0.00002963 [kg/m-s]
mu78 = 0.00001454 [kg/m-s]
nu23 =0.00009119 [m?s]
nu45 =0.00006517 [m?s]
nu67 =0.00002839 [m?s]
Nus2 =1

Nus2z =1

Nuss4s =1

Nuse7 = 1.021
NUS78,check,horizontal = 23.66 [K0'3333]
Patm23 = 1.013 [bar]
Patm45 = 1.013 [bar]
Patm67 = 1.013 [bar]

Pr12 = 0.7054

Pr34 =0.6987

Pr56 = 0.6937

Pr78 = 0.7474

gconvzz = 1702 [W]

gconvsas = 2124 [W]

gconver = 2943 [W]

gradiz = 2654.795 [W]
gradss =1813 [W]

gradss =1243 [W]

gradzs =256.1 [W]

RaL12 =25.26
Raiss =94.22
Raise =536.4

Rai7s = 4.300E+07 [K]

H12 =1.651[m]

H34 =1.651[m]

H56 =1.651[m]

H78 =1.651[m]

hbar23 = 6.278 [W/*m? * K)]
hbar45 = 5.382 [W/*m? * K)]
hbar67 = 3.676 [W/*m? * K)]
Hinches12 = 65 [in]

Hinches3a = 65 [in]

Hinchesse = 65 [in]

Hinches7s = 65 [in]
Hover,Lration23 = 173.3 []
Hover,Lration4s = 173.3 []
Hover,Lration67 = 173.3 []

k12 =0.06241 [W/m-K]

k34 =0.05605 [W/m-K]

k56 =0.0447 [W/m-K]

k78 =0.0195 [W/m-K]

L23 =0.009525 [m]

L45 = 0.009525 [m]

L67 = 0.009525 [m]

Lgap = 0.009525 [m]

Linches12 = 0.375 [in]

Linches34 = 0.375 [in]

Linchesss = 0.375 [in]

Linches7s = 3.125 [in]

mu23 = 0.00003784 [kg/m-s]
mu45 = 0.00003321 [kg/m-s]
mu67 = 0.00002378 [kg/m-s]
nul2 =0.0001004 [m?%s]
nu34 =0.00007903 [m?s]
nu56 =0.00004881 [m?s]
nu78 =0.000009036 [M?/s]
Nus12,check,horizontal = 0.1973
Nusszs =1

Nusse = 1

Nus7e =16.12 [ ]

Patm12 = 1.013 [bar]
Patm34 = 1.013 [bar]
Patm56 = 1.013 [bar]
Patm78 = 1.013 [bar]

Pr23 =0.7024

Pr45 = 0.6951

Pré7 =0.7042

gconviz = 1042 [W]

gconvas = 1884 [W]

gconvss = 2454 [W]

gconvrs = 3441 [W]

gradzz =1995 [W]

gradss =1573 [W]

grade7 = 753.3 [W]

Quotal = 3696.784 [W]

Rai2s =55.17
Rawsas =191.1
Rawe7 = 3401

rho12 = 0.391 [kg/m?]
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rho23 = 0.415 [kg/m?]
rho45 = 0.5096 [kg/m?]
rho67 = 0.8376 [kg/m?]
o =5.670E-08 [W / (m?* K¥]
T2 =883.513 [K]

Ta =740.4 [K]

Te =518.4 [K]

Ts =114.2584 [K]
Tfim23 = 850.7 [K]

Tfimas = 692.7 [K]

Trime7 = 421.5 [K]

39 potential unit problems were detected.

rho34 = 0.4531 [kg/m?]
rho56 = 0.6069 [kg/m?]
rho78 = 1.609 [kg/m?]

T1 =922 [K]
Ts =817.9 [K]
Ts =644.9 [K]

Tz =324.592171 [K]
Trim12 = 902.8 [K]
Tfim3a = 779.2 [K]
Trimse = 581.6 [K]
Trim7e = 219.4 [K]

EES suggested units (shown in purple) for Nus_78_check_horizontal .
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Temperature
(°R)

207
367.6
529.9
691.3
852.8
1014
1176
1337
1499
1660

Pressure
(psia)

126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2

Cp
(Btu/Ibm-°R)

0.18071
0.13121
0.12698
0.12573
0.1252
0.12492
0.12476
0.12466
0.12459
0.12454

Argon specific heat at constant pressure

0.2
0.18 °
0.16
0.14
° N R
E 0.12 [ ) [ ) [} [ ) [ ) [}
£
§ 01 T=4.759192E-19T¢ - 2.970165E-15T> + 7.444285E-12T* -
2 9.551559E-09T3 + 6.591683E-06T? - 2.315526E-03T + 4.496002E-01 - Argon o
§ 00 R2 = 9.983642E-01
0.06
0.04
0.02
0
0 200 400 600 800 1000 1200 1400 1600 1800
Temperature, Rankine
CPverage =m170(4.759192E-19..7)T“-(2.970165E-15)T5 +(7.444285E -12)T* - (9.551559E - 09)T° +(6.591683E - 06)T” - (2.315526E - 03)T + 4.496002E - 01 =0.12821b[ft:0R

205.7
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EXTERNAL VOID FRACTION, ¢

o3 a3 03s 036 as? 0= o D40 I
T T T T T s = HE
4 t T i i FHHT i o

T
T

FRICTION FACTOR, fy

10 o . 100 1000 12000 100000
Reynnmm&.:—%ﬂ

0,6
MODIFIED REYNOLDS MB_EH,+

f }

{Filter bed pressure drop for LAPD - both filters during a relief valve event}
{Assume vapor travels thru the entire bed}
{units of F, psia}

G =W/ A filter {Ib/(hr*ft"2) superficial mass velocity for filter bed pressure drop calculation}

A_filter = (P1/4)*(12.39/12)"2 {ft"2 cross sectional area of filter, 12 inch SCH 10 pipe}

L_filter = 40/12 {ft, length of filter bed, see drawing 466500 }

{Ergun equation for the calculation of pressure drop in adsorbent beds from Union Carbide Fixed-Bed Pressure Drop Calculations
, the beds have different diameter beads}

ft_filter_02*Ct_02*(G"2)*L_filter/(rho_GAr*Dp_oxygen)=dP_filter_O2 {oxygen filter bed pressure drop psi}
ft_filter_MS*Ct_MS*(G*2)*L_filter/(rho_GAr*Dp_molecular)=dP_filter_MS {molecular sieve filter bed pressure drop psi}
Dp_molecular=0.00666 {ft, average diameter of molecular sieve particles, 8 x 12 mesh, 8 mesh = 0.0937 inches = 0.00781 ft, 12
mesh = 0.0661 inches = 0.00551 ft, average = 0.08 inches = 0.00666 ft}

Dp_oxygen=0.00336 {ft, average diameter of oxygen filter particles 14x28 mesh, 14 mesh = 0.0555 inches, 28 mesh = 0.02512
inches, average = 0.0403 inches = 0.003359 feet }

{pressure drop coefficient (ft)(sq hr)/(sq in), determine from graph which has Ct plotted as a function of external void fraction,
3.6E-10 for the 0.37 void fraction Union Carbide reference suggests for mole sieve}

Ct_02=3.6E-10

Ct_MS=3.6E-10

{friction factor based on modified Reynolds #, get from graph}

ft_filter_O2 = INTERPOLATE('ft','Column1','Column2',Column1=Re_oxygen) {look up data from digitized plot in table}
ft_filter_MS = INTERPOLATE('ft','Column1','Column2',Column1=Re_molecular) {look up data from digitized plot in table}
Re_molecular=Dp_molecular*G/mu {Reynolds number for molecular sieve}

Re_oxygen=Dp_oxygen*G/mu {Reynolds number for oyxgen filter}

mu =VISCOSITY(Argon, T=T_vent,P=P_GAr) {argon viscosity at flowing conditions Ib/hr-ft}

rho_GAr = Density(Argon, T=T_vent,P=P_GAr) {density of argon gas at flowing conditions in the filter, Ib/ft"3}

T_vent = 80.3 {temperature of the venting gas, F, the gas would be cold because it originates from vaporized liquid such that
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room temperature is conservative}

P_GAr=126.2 ({relief valve flow rating pressure psia}

rho_stp = Density(Argon,T=70,P=14.7) {density @ std conditions for SCFH calc}

W = GAr_SCFH * rho_stp {relate mass flow to SCFH}

W =419.5 {venting argon mass flow rate Ibm/hr, from relief valve calcs, fire case}

f }

{Filter screen pressure drop for LAPD filter during a relief event}

{LAPD top filter screen is FNAL drawing # 489456}

{Using ImagedJ software the slot open area is 32 in*2, these slots are then filled with 2 screens}

{Screen 1 McMaster #85385T425 60x60 mesh, 0.0075" wire diameter, 0.009" opening width, 30.5% open area}
{Screen 2 McMaster #85385T369 8x8 mesh, 0.035" wire diameter, 0.09" opening width, 51.8% open area}

{Screen pressure drop reference is the Chemical Engineers Handbook by Perry and Chilton, 5th Edition, page 5-37}
{The flow thru a screen can be considered as flow thru a number of orifices or nozzles in parallel.

Thus the pressure drop or head loss across a screen can be computed from an orifice type equation}

{Experimental data indicates that for a series of screens the over-all head loss is directly proportional to the number of screens in
series

and is not affected by either the spacing between successive screens or by their orientation with respect to one another}

{For the filter screens the pressure drop is computed across each screen}

DELTA_h_1 = (n/C_1/2)*((1-alpha_1%2)/alpha_12)*(V*2/(2*g_c)) {screen 1 head loss in ft of flowing liquid, equation 5-100}
DELTAP_screen_1 =DELTA_h_1*rho_GAr/144 {convert screen 1 head loss from feet to psi}

DELTA_h_2 = (n/C_2/2)*((1-alpha_22)/alpha_2"2)*(V*2/(2*g_c)) {screen 2 head loss in ft of flowing liquid, equation 5-100}
DELTAP_screen_2 = DELTA_h_2*rho_GAr/144 {convert screen 2 head loss from feet to psi}

n =1 {number of screens in series, dimensionless, each screen is computed individually since the screens are different sizes}

C_1 =INTERPOLATE('cs','Column1','Column2',Column1=N_Re_1) {screen 1 discharge coefficient, dimensionless, function of
the Reynolds number see Figure 5-44}

C_2 = INTERPOLATE('cs','Column1','Column2',Column1=N_Re_2) {screen 2 discharge coefficient, dimensionless, function of the

Reynolds number see Figure 5-44}

alpha_1 = 0.305 {fractional free projected area of screen 1, dimensionless}
alpha_2 = 0.518 {fractional free projected area of screen 2, dimensionless}

V = W/(rho*3600*A_screen) {superficial velocity ahead of the screen, ft/sec}
A_screen = 32/144 {flow has to go thru slots, estimate upstream area as the slot area of 32 in*2 and convert to ft"2}
g_c = 32.17 {dimensional constant, 32.17 (Ib.)(ft.)/(Ib. force)(sec"2) }

N_Re_1=D_s_1*V*rho/(alpha_1*mu_screen) {Screen 1 reynolds number }
N_Re_2 =D_s_2*V*rho/(alpha_2*mu_screen) {Screen 2 reynolds number }

D_s 1 =0.009/12 {aperture width screen 1, feet}
D_s 2 =0.09/12 {aperture width screen 2, feet}

rho = rho_GAr {fluid denisty at flowing conditions, Ib/ft"3}

mu_screen = VISCOSITY(Argon, T=T_vent,P=P_GAr)/3600 {fluid viscosity at flowing conditions Ib./(ft.)(sec.), converted from EES
Ib/hr-ft units}

f }
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w
G =
Afilter

n 12.39 1?
Afiter = 4—[ 12 ]

40
Lter = E
ft . Ct i G2 i I—filter = dP
filter,02 02 = filter,02

PGAr Dpoxygen
2 I-filter _
ftierms - Ctus - G° - = dPiter,ms
PGAr meolecular
meolecular = 0.00666
Dpoxygen = 0.00336
Ctor = 3.6x107"°
Ctys = 3.6x107"°
ftieroz = Interpolate [ 'ft’, 'Column1) 'Column2, 'Column1' = Reoyygen ]
ftaerms = Interpolate [ 'ft', 'Column1’, 'Column2, 'Column1' = Remojecular ]
G

Remolecular = meolecular -
Reoxygen = Dpoxygen

uw = Visc ['Argon' , T=Tyen , P =Poa ]

[Y) ['Argonl v T=Tyent » P =Pgar ]

pGAr =
Tvent = 80.3
PGAr = 126.2

psp = p['Argon' , T=70,P =14.7 ]

W = GArscrn - pstp
W = 4195
A _n 1 - oc12 v?
hi = .
C12 (x12 2 - do
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APscreen,1 = Ah,1 . 131(::
A _n 1 - a22 v?2
h2 = .
C22 (x22 2 9gc
Apscreen,Z = Ah,Z . 131(::
n =1
Ci = Interpolate [ 'cs', 'Column1’ 'Column2, 'Column1' = Nge1 ]
C, = Interpolate [ 'cs', 'Column1’, 'Column2, 'Column1' = Nge» ]
a1 = 0.305
a2 = 0.518
W
V =
p - 3600 - Agcreen
32
Ascreen = m
gc = 3217
p
NRe1 - Ds,1 V

o1 ° Mscreen

p

a2 " Hscreen

0.009
D =
s,1 12
0.09
D = —
s,2 12
P = pPGAr
_ Visc ['Argon’ , T=Tyent , P =Pgar ]
Mscreen 3600
SOLUTION
Unit Settings: [F]/[psia)/[lbm]/[degrees]
a1 =0.305 a2 =0.518
Aiiter = 0.8373 [ft?] Ascreen = 0.2222 [ft?]
Ctms = 3.600E-10 [ft*hr?/in?] Ctoz = 3.600E-10 [ft*hr?/in?]
C1 =0.7852 C2 =1.155
APscreen,1 = 0.0005369 [Ibm/inz] APscreen2 = 0.0000694 [Ibm/inz]
Aht =0.08846 [ft] Ah2 =0.01143 [ft]
dPriterms = 0.09197 [Ib,,/in?] dPsitero2 = 0.2614 [Ib,,/in?]
meolecular = 0.00666 [ft] Dpoxygen =0.00336 [ft]
Ds,1 = 0.00075 [ft] Ds2 = 0.0075 [ft]
ftaiterms = 1.777 ftriter02 = 2.549
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G =501.028 [Ib,/hr-ft]] GArscrH = 4058 [ft’/hr]

ge =32.17 [Ibm-ft/lbm-sec?] Liter = 3.333 [ft]

p =0.05534 [Ib,/ft-hr] pscreen = 0.00001537 [Ib,,/ft-sec]
n =1 NRe,1 = 83.88

NRe2 = 493.9 Pear = 126.2 [psia]

Remolecular = 60.3 Reoxygen =30.42

p =0.874 [Ib,/ft’] pGAr = 0.874 [Ib, /ft’]

pstp =0.1034 [Ib,,/ft%] Tvent =80.3 [F]

V =0.5999 [ft/sec] W =419.5 [Ib,/hr]

4 potential unit problems were detected.

Lookup Table: ft

Column1 Column2
Row 1 0.5761 100.6
Row 2 0.7349 78.51
Row 3 1.042 54.66
Row 4 1.417 40.49
Row 5 1.988 29.07
Row 6 2.618 22.21
Row 7 4.084 14.53
Row 8 5.853 10.12
Row 9 7.387 7.892
Row 10 9.424 6.093
Row 11 12.28 4.953
Row 12 15.5 4111
Row 13 19.78 3.412
Row 14 25.78 2.831
Row 15 33.24 2.424
Row 16 44.25 2.032
Row 17 58.91 1.794
Row 18 78.44 1.617
Row 19 106.7 1.473
Row 20 139.1 1.355
Row 21 187.1 1.26
Row 22 260 1.183
Row 23 342.5 1.135
Row 24 496.5 1.077
Row 25 654.3 1.076
Row 26 899.4 1.042
Row 27 1277 1.02

Lookup Table: cs

Column1 Column2
Row 1 0.0986 0.0316
Row 2 0.1969 0.0447
Row 3 0.2944 0.0553
Row 4 0.3971 0.0637
Row 5 0.4932 0.072
Row 6 0.6932 0.083
Row 7 0.9845 0.1007
Row 8 1.945 0.1408
Row 9 2.909 0.1725
Row 10 3.923 0.2009
Row 11 5.928 0.2461
Row 12 9.828 0.3109
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Lookup Table: cs

Column1 Column2
Row 13 19.62 0.4392
Row 14 39.17 0.5899
Row 15 68.39 0.7378
Row 16 99.18 0.8171
Row 17 198.1 0.982
Row 18 387.6 1.122
Row 19 592 1.17
Row 20 971.9 1.257
Row 21 1942 1.366
Row 22 3801 1.382
Row 23 9833 1.429
Row 24 19445 1.476
Row 25 38857 1.494
Row 26 95475 1.498
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{This sheet calculates the inlet pressure drop for the LArIAT filter vessel relief valve}

{EES will not calculate argon properties above 1260 R}

{Use a curve fit of estimated NIST properties for temperatures above 1260 R based on a constant pressure which his a decent
approximation}

{If pressure is very far from 126 psia this will not work!}
PROCEDURE v_i_high_T_PRO(T_i,P_i :v_i)

If (T_i < 1259) THEN

v_i = Volume(Argon,T=T _i,P=P_i) {ft"3/Ib}

ELSE

v_i = (-2.747072E-09)*(T_i)"2 + (2.144299E-03)*T_i - 4.933726E-03
ENDIF

END

{This sheet calculates the inlet pressure drop for the LAPD filter vessel relief valve}

{CGA 6.1.4 ¢c) used }
P_i = P - (3.36E-6)*f*I*(W"2)*v/(d"5) {psia}

{pressure drop thru the relief valve inlet piping}
DELTAP =P -P_i {psid}

{mass flow rate calculated from 6.1.4 a) }
W =419.5 {valve name plate capacity} {419.5 required} {lbm/hr}

{average temperature between the flow rated saturation temperature and the inlet temperature of the valve calculated with 6.1.4 b) }
T average = (T_i+T_s)/2 {R}

{6.1.4 b temperature at the inlet of the relief valve}
T i=2145-(2145-T_s)/ EXP ( ( 5.24*1.315%(L_cap)/(W*C_p) )) {R}

{Average specific heat btu/lbm-Rat constant pressure between Ts and 1660 R}
C_p=0.1281 {btu/lbm-R}

{linear length of pipe to the inlet of the relief valve}
L_cap =11 {ft}

L_ft=L_cap {ft}

{Saturation temperature deg. R at the flow rating pressure}
T_s =Temperature(Argon,P=Px=1) {R}

{Specific volume of the fluid being relieved in ft"3/Ib at the flow rating pressure and the average temperature between Ti and Ts}
v=Volume(Argon,T=T_average,P=P) {ft"3/Ib}

CALLv_i_high_T_PRO(T_i,P_i:v_i)

{CGA correction factor}
F_CGA = SQRT( (P_i*v_i)/(P*v_CGA))

{Specific volume of the fluid being relieved in ft"3/Ib at the flow rating pressure and the saturation temperature }
v_CGA=Volume(Argon,x=1,P=P) ({ft"3/Ib}

{psia, flow rating pressure}
P =126.2 {psia}

{internal diameter of the piping leading up to the relief valve}
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d =1.097 finches}

D ft=d /12 {feet}

{friction factor used in 6.1.4 c, set equal to friction factor calculated by the Colebrook equation}
f=1f_ci {dimensionless}

{l = 6}
{Resistance coefficients from Crane 410 }
K = num_elbows*20*f_T {elbows} + 20*f_T {tee run} + 60*f_T {tee branch} + f*L_ft/D_Ft {straight pipe} + 0.78 {inward projecting inlet}

{K is unitless}

{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K = fI/D_ft

num_elbows =5 {number of elbows in the path from the vessel to the relief valve}

{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1E8 to get a fully turbulent
friction factor f_T}

1/SQRT(f_T) = -2.0*log10(epsilon/(3.7*D_ft) + 2.51/(Re_f T*SQRT(f_T) ) )

Re_f_T =1E8 {Alarge Reynolds number is input to get the fully turbulent friction factor}

{Reynolds # for friction factor f in 6.1.4 ¢}
Re = 6.315*W/(d*mu) {dimesionless}

{absolute (dynamic) viscosity in centipoise }
mu=Viscosity(Argon, T=T_average,P=P)/2.42 {cp, converted from Ib/ft-hr by dividing by 2.42}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci) = -2.0*log10(epsilon/(3.7*D_ft) + 2.51/(Re*SQRT(f_ci) ) ) {dimensionless}

{absolute roughness in feet for drawn tubing = 0.000,005, for commericial steel = 0.00015}
epsilon = 0.000015

Procedure Vi,high,T,PRO (Ti, Pi . Vi)

If [T, < 1259 ] Then

vi == v['Argon' , T=T;,P=P;]
Else
Vi = — 2.747072x107° - Ti2 + 0.002144299 - T; — 0.004933726
EndIf

End  Vipigh T PRO
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P, = P — 0.00000336 - f - | - W2 V—5
d
AP =P — P
W = 4195
T+ T
TaVerage = I 2 2
T, = 2145 — 2145 - Ts

L
exp |5.24 - 1315 - —=22
W - C,

C, = 0.1281
Leap = 1M1
Ly = Lcap

Ts = T['Argon' ,P=P,x=1]
v = v['Argon', T =Taerage P =P ]
Call vipigh1rrO [Ti, Pi: Vi]

Pi'vi

Fcea
P - vcea

Veea = V['Argon’,x=1,P=P ]

P = 126.2
d = 1.097
d
Dy = —
AT
f = fci
L
K = NUMgpows - 20 - fr + 20 - fr + 60 - fr + f - —— + 0.78
ft
I
K =f —
D
NUM glbows =5
1 _ 2 g e ., _ 251
Vtr 37 - Dn  Regr - 4ffy

Ref’T =1 X108
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Re = 6.315 - W
d-p
_ Visc ['Argon’ , T =Taerage , P =P ]

H 2.42

1 2 - log € . 2.51

fci 3.7 - Dg Re - 4/ fci
¢ = 0.000015
SOLUTION
Unit Settings: [R]/[psia]/[lbm]/[degrees]
Cp =0.1281 [btu/lbm-R] d =1.097 [in] AP =0.3805 [psid]
Dt =0.09142 [ft] ¢ =0.000015 f =0.02018
Fcea = 3.109 fi = 0.02018 fr =0.01321
K =5.585 | =25.3 [ft] Leap = 11 [ft]
L =11 [ft] p =0.03522639 [cp] NUMelbows = 5
P =126.2000 [psia] Pi = 125.819490 [psia] Re = 68554
Refrt = 1.000E+08 Taverage = 938.7 [R] Ti=1672 [R]

s =205.7 [R] v =2.002 [ft}/Ib] vcea = 0.3685 [ft¥/Ib]
vi =3.572 [ft/Ib] W =419.50000 ([lb/hr]

13 potential unit problems were detected.
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L Eden Cryogenics LL.C
d e n 8449 Rausch Drive
o Plain City, Ohio 43064

Certification of Material, Testing, and Cleaning:
Documentation and Conformance

Customer Furchase Qrder No. Eden Cryogenics W.0.
FERMI RESEARCH ALLIANCE, LLC 588593 No. BC-02128

Equipment Description:
Liquid Argon TPC Purity Demo Purifier Vessel
Part No. BC-02128-5800-01

This document certifies that Eden Cryogenics, LLC has performed and or verified the noted tests and
materials. Testing and materials meet or exceed the requirements of the noted purchase order.

CERTIFICATION OF MATERIALS

¥ Allmaterials for valves / piping / equipment are new and unused.

Verifiable chemical and physical mill certification is ™ Enclosed 1~ On file at Eden Cryogenics
Materials:
I Soft goods hawe batch lot numbers and cure dates ™ Enclosed I On file at Eden Cryogenics
CERTIFICATION OF TESTS
¥ Pressure tested ' Pneumatic ™ Hydrostatic @ 188 PSIG (Inner Vessel)
™ Valves pressure tested across the seat @ PSIG

M § % of all butt weld joints radiographed for Work Order

™ Reader sheets enclosed I, Radiographs enclosed ¥ Documentation on file at Eden Cryogenics

¥ Mass spectrometer leak tested at 1x10-9 scc/sec helium with no leaks, (Outer Vessel)

™ Cther tests: [T LN2 cold shock test I~ Other
I~ Other
CLEANING
i~ Commercially cleaned ¥ Commercially oxygen cleaned ™ Particulate cleaned

Cteaning specification:

Eden Cryogenics, LLC certifies the noted documentation and performance testing.

Project Manager 4—- ” %ﬂ/@\ Date (i / 30 / /0

Quality Control ,@,M ,,.;’ _6; adoocsn LTI Date ¢ /feo/s

Eden Form 1003-11/07

v3.10.15 63 / 424




Table on Contents
Section 1: Drawings
Section 2: Material Certification
Section 3: Material C of C’s
Section 4: Welder Certification
Section 5: Inner Vessel Code Calculations
Section 6: Outer Vessel Code Calculations

Section 7: Test Reports

v3.10.15 64 /424



> ¥ @
. \
w B
H
W
....{
i
=
[any
-~ o
i} w
=] X
B
)
<]
]
[ong
R
o
X w %
© o EL Y
W o -
by ) Pf; @ w
LB 8 o
2 N <
®» 3 =
'&E m <
o) w L <
< mC
\/ 2
[
=
=1
=]
=
=
=
! : |
f T
B
Ofs
& &
[ <
-
4 HEE mwgrae =
=1 —|3F;_f O g <HWm O
v T mS:CmZ;U
T =2 Jd0sml —~
= O
#* M= = ™~ = m
& Rgl XEamix -
2 &rf Qgp&-dok
5 [ Amo
A il r_n| [ el U}
A I L ool w
Q (_f_}o-m ‘:! TG R a3
= m & EZ] 0 m -
= 8x BE 2 B m
w 2o T & Q
=X o o (A =
] = = -
= S Z
=z 2 2 g ~
= 2 B
o
MOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: THEORHATION SHIMA 0% THIS
1. DIMENSIONS ARE IN THCHES, CONFORMENG TO ASME Y14.5- 199, XX .03 m%m&&‘&n
AL DIMENSIONS APPLY AFTER FINISH, XK £.810 TRVOGEN, LCJRD 1S 40T T =

2. DE-BURR AND BREAX AL SHARD EDGES AND CORNERS TO R 015 MAX,
3. SURFAZE TEXTIRESFINISH 64 RMS

XX 4005 TPASHITTER TO OYHiRS RO

BNGULAL == g/z-{ ™Y RURKGSE o WiThchien

Y N CRYOGE NS, 11C,

<5

gden

8445 RAUSCH DRIVE |DWH:_tB 11/25/2000
PLATN CTTY, Off 43064 {CokR: M. 12/28/2009
614873343 [ENGR: M 10/28/2009

SIZE

DRAWINGIFART NUMBER

BC-02128-0010

. i | I T I
son: 090377 |ERCLRE] PATE T GUNGDR | R | REVISION DESCRIFTION

FE | Loeazs2872008| ™ BC-02128

S TOP HEAT SHIELD

>

*  Information Copy

e ¥3.10.18..65.1 424




x @
h3
5B
(S ‘.Q' %
o | o | @
T = =2 &8
sy ~J " T
< ot
& w
ES
:; A
o o
w
] X T
"
[
QS ® \
=
t =a
g =
4 s
s
=
o=
"4
/ W
=23
[o8]
_ [ ~Ty t
\
(] §
X oo / =
W
o W 2 B
[r>]
w o B
s X /8 w
w S84
X M o435
G
Q& o
o broll -]
3 = I
(] =
W
_|
%
<
X —
B P
i [=1
-+ ”
—
o
s e -
e a
L ™
! 2 1
1 |
! T
S
=]
Of N
‘ o|w
;%
4 ®Ez § LwoMNOE = =
= E QO
B Hd2@ REIgZ2 O
5 M oy
I =2 45 Mz & =
# M S BA88 I
- AL Bowd e v
= o B2z 548
= LR 0
g . 9=2Pzsd O
> = TE8 >
28 T Fx
— I o —
= m S =M - m m —
] 7] [w)
w - T 73] =
oy - o - m .w
I Z2 2z
c = ~l
7 B Z 3
-~ fii]
- A
HOTES: (UNLESS OTHERWISE SPECTFIED) TOLERANCES: DEQRHATION SHOWN O THis
o lDIHEOS{DRSME[NINCHE,CDO‘OMHMTDASHEYH.SI‘H!. X¥ 303 mﬁmﬂbﬁu
ALL DIMENSIONS APPLY AFTER FINISH, XXX £.010 RAGLAC KC A0S T TO Ll
2. DE-BURR AHD BREAK AL SHARP EDGES AND CORNERS TOR.01S MAX. X000 £,00% BWM%E%T&%?&R
3. SURFACE TEXTURE/FINisH 54 RMS AR & L o
.'?, 8445 RAUSCH DRIVE [DHN:_MAE 1173077003
PLAIN CITY, OH 43064 JCHKR: MM 1272872009
614.873.34%  [EMGR: M 12/28/2009
BYDGEMNIGS = ZDNEERE‘:’V m I CH | I
DA
T GEY L - e EOR:  09-0377 n'n.s: | N N | —— REVISION DESCRIPTION
DATE:12/28/2009 bl
B - - 1 -
BC-02128-0011 |1 i TOP HEAT SHIELD

=

4&

Information Cop

y

v3.10.15 66 /'424




MiHL €T

EN
o) w
3 >
IS
8 B
-
~ =
4 <
T
=
c
w
Q o >
0 o S
o W > ~§
s a B f
X o~ 9N e
LS8
XB 3=
e 4 ZE S
W &
o E
_‘
=
c
58]
x -
H— [-m—
L =
o by
@ 8
~
o
N
=}
el
ols
5 {:]‘ ~
ot
| &5
=
42
4 FE&3 grorgr =z
7 338 753ZE O
I =22 H4IT2F g
h=
# m3 E CuIEA rm
® Pal %om;o__ha ..
2 §&Ff 874&~ofk
2 =3 mapzZre &
g g l Q
£ 2% g i % § z
o m® =20 T m E
& Bx BEF >
@ % - T vl 8 -
X Lo o - im
] = =z 2 .
o g »
= ~
~ m
e ~
NOTES! (UNLESS OTHERWISE SPECIFIED)} TOLERANCES: IHICRRATION SHOM ON THES
1. CIMENSTOHS ARE TH ENCHES, CONFOR MING TO ASME Y145 1994, XX .03 %&mmﬁyﬁ
ALL DIMENSIONS APPLY AFTER FINISH, XX 010 g‘&%&%‘g;"m’g; =
2. DE-BURR AND BREAK ALL SHARP EDGES A CORNERS TO R.OZS MAX, X000 £.005 TRANSKTTTED TO OTHERS
2. SURFACE TEXTURE/FINISH 64 RMS MGULAR & 1z | MRS LA
Y 8445 RAUSCH DRIVE |PAF. 08 11/36/2009
PLAIN CLTY, OH 43064 {000 11 1a728/2000
n 146733340 [ENGR: 7 1272877009
ecen .= e ; =
ZONE | REV DATE CHANGED BY EDR
SIZE | DRAWING/PART NUMBER, E I BTV el 1:;:?::“9 e i BC-02128 S
IDATE:. -
B | BC-02128-0012 |1o1 | - TOP HEAT SHIELD
x

Information Copy

v3.10.15..67./.424




209

NYHL /8T
MYHL 87 @ XE

MYHL £T°ED

HSTNIS YOHYEIW 8# 'HSINK

g€ sz
t
00’1

61’9 Xe

0001 X2

2]
(=]
o
=1
LvH
i
~
:Eg gworar =
2o mErs28 O
g‘:E SO0 EM -}
23IE C3IEE i
“g, B8e=iz ¢
2, 9mE3sh
b gy 1]
)
I b il xf—”%
m & =4 m
Rx B 2 o
B = ?-?i m
~— ) i
ot 2 Z 5
E -
= 0 =
B

vicoo @

05z ETd

NOTES: {(UMLESS OTHERWISE SPECIFIED)

L. DIMENSIONS ARE IN IHGHES, COHFORMING TO ASME Y14,5-1594,
ALL DIMENSIONS APPLY AFTER FINISH,

2. DE-BURR, AND BREAK AU SHARP EDGES AND CORNERS TORDIS MAN., XXX 1,005
3. SURFACE TEXTURE/FIMISH £4 RMS

TOLERAMCES:!
XX 0%
XXX £.0u0

ANGULAR & 1A

DfCRMATTCH STHOWN ON THI
LRARHS 5 FROPRIETATY AD
THE SOLE HROPERTY OF EREH
CAYLGENICS, LEC A4B 16 10T TOl
BE REPRODLCED, DSILOKES Of
TRANSHITTEG T0OTHERS KR
PRPCSE #OT AITHORIZED
67 EDEW CRYOCEATES, UL,

3
c'l‘en

SIZE

§445 RAUSCH DRIVE

DWH: MeB 11/30/200%

PLAIN CTTY, OH 43064

CHIR: JHM 12/28/200%

£14.873.3349

EWGR: M 12/28)2503

W X
> g,
=
225
L e 8y
¥ Mo T
s &z B
w I EC
i-azzc
w
=
c
§
-
Im
=t

i

AFFR

e SO, Com

CRAWING{PAAT NUMBER.

BC-02128-0013

SHEET REV

eoR:  08-Q377
DATEIE 2/ 28/ 2009

Pocl | -

SCALE: B4

]
FONE | REV L DATE | CHANGED BY EDR REVISION DESCRIPTION
TmMe

BC-02128
TOP HEAT SHIELD

I

4&

'‘nformation Copy

v3.10.15..68..424




> @
Y
£
o)
w
2 =
o,
2 E
o]
N
oy X
% c
Ly
~J
§ >
o
w oo w
o W <
O a B 2
—
w AT
(3 )
1ug 3
-
o) = =
) o g @ <
Qa = A
W
=
o
™
>~ s
i . ot iy
w =]
B ” <
> R
D S
o
o o
o
A
&
¢ |
1 i
~a 2
Os N
— N
! (=1
~ 8 g i
-
2 FZ2E pwgrar = =]e
& gad mETSEE O
+ =2 a5 E ZEqh o
$ @3 E CxIRE E Il
o Mol - A ]
£y BEezS> -
= ar OfZACFk
= =N AOECxp
& Ho 035Es:
= “EEZ 0
= TE mqm 2¥g Q
g &x Bt z ¥ m
# Ve IS5 A
ol = = w1 ol
~ faed » e
S ¢ % E
& 9 & o] ~l
=)
NOTES: (UMLESS OTHERWISE SPECIFIED) TOLERANCES, TORRATION SHOW O THiS
— L. DIMENSTONS ARE [H INCHES, CONFORMING TO ASME Y11.5-1994, XX 0% %%‘5.@;”?5’&'&’&"
ML DIMENSIONS APPLY AFTER FINESH. X0 %010 CRIOGEMIES, LLC 05 NOT T =
2. LE-BURR AND BREAX ALL SHARP EDGES AN(Y CORNERS TO R.O15 MAX,  X.JOC¢ £,005 AR 3 S FR
3. SURFACE TEXTURE/FINISH §4 RMS ANGULAR £ 117 ”';;"&'f&pg&mm
S 5 RAUSCH DRIVE [EP0_ W8 21750/
PLAIN CITY, OH 43084 |CHRR: MM 13/28/2009
en 6l4.873.3940  [ENGR MM 12,2800
E‘. YOUGEN o8 N INE S R |
SIZE | DRAWING/PART NUMBER SHEET ARy |PR 99-0377 x o BRI SO
:12/28/3009 BC-02128
B - - Lol | = i
BC-02128-0014 T TOP HEAT SHIELD

-

Information Copy

cere e V321010, QL A2



8
N
w
_{
t %
= =
=
=
=]
® ES
o w
2 < I
Q. =
25 ¢
[e2]
5 2
I =
= [
i
2
Q = w &
0 & = &
h
8 2 2 5
o
w & o X “
X B FE
j3 E =]
w &
g A
2 L B
|
pu
=
[y
& "
P s
* - -
o b
) tn
& =]
A &
=]
e =]
{ [
? |
©
S N}
Ol
=N
o
— : Sl
2 H¥EF gwgorgr = =13
=] = O
= -3 ;( T <HW O
% mE m E‘ IMS X
= % = g 5{ ogmi —
# M3 TIAZFX M
oo o 1. av) Bud i -
D PO
= o~ Of&z3oF
A qg Sro
& F2 qdP3igs 0
- N m XxuX
4 it F g —
= Nx GBS = O —
@ =] IZ2 = 0O m
T o o — m
& - = [aY
N c = .
— o =z =Z
* b @B Y ~
¥ m
-]
NOTES! (UNLESS GTHERWISE SPECTFIED) TOLERANCES: DHFQRMATLON SHOWN G ThIs
1. DIMENSIONS ARE IN INCHES, CONFORMING TO ASME Y14.5- 1934, XX 1030 %ﬂ%ml’:{ﬂ%a
ALL DIMERSIONS APPLY AFTER FINLSH, AR £.010 RIOGERCS LS 0 15 7T 70 . L
2, DE-AURR AND BREAK ALL SHARP EDGES AND CORNERS TOR.015 Max, KXIC %.005 TRARS HITTED T OTHERS FOR
3. SURFACE TEXTURE/FINISH 64 AHS ANGULAR 2 172 MYRIPSCeT ameoRn
o 3415 RAJSCH DRIVE [PoR. b 1375072
PLATN CITY, GH 43064 [CHER: I 12128/2009
614.573.304% EMGR: JHM 12/28/2005
E gaxuﬁeﬁ;un;na e {= e Iimmseu % }
2ONE | REY A BY EDR REVISION DESCRIPTION
SIZE | DRAWING/PART NUMBER G T ‘:’9_;:;::0 TIE BC-02128
DATE; ] "
B| BC-02128-0015 j1ot | - === TOP HEAT SHIELD
>

i Information Cop

V31018, 701424 ...




&
&
p24
=
M
3
.._‘
Ju 4
o
c
w

{ |
? |
g
oS
=R
1 =1
@5
18
~ )
g FE NWwON
= SE5 grovgrn =
7 d2d mEzgz2% O
£ 228 35fEed 3
3&3 % 3- [ - % = % a = m
& B .n
= =
= 8= BIEZ3F W
= i JmmO
2 »% B95z3% 8
o] EH Z7ES>
P = B & -
— 5 =@ g = 3 m
[a+} © m
& B5x &% 3 .
E~ I [ .-
T g T 3 3
= = =4 h
o c =
=) 2 =
X §§°
- w
NOTES; (UNLESS (THERWISE SPECIFIED) TOLERANCES: THORMATION Shaws o8 Trre
et 1. DIMENSIONS ARE IN INCHES, CONFORMING TO ASME ¥1d.5- 1004, XX 03 ko !'GEWTMIMD
ALL DIMENSIONS APPLY AFTER FINISH. KX %010 oGS, C A s bt To e
2. DE-BURR AND BREAK ALL SHARP EDGES AND CORNERS TO R 015 MAX. X000¢ 005 mnr?rg% "&‘zum
3. SURPACE TEXTUREFINISH 64 RMS ANGULAR - & 1421 M:vngrg&ms,uc.
.?‘ 3443 RAUSCH CRIVE 10WR: "B 1173072003
PLAIN CITY, OH 43064 J29R XM 12/28/2000
en 614.873.3949 BHGR: HM 12/28/2009
APPR: I ] |
SIZE | DRAWINGPART NUMBER e | 09-037 —I—m Rey] ORFE ) cranGRDEY | PR | YT REVISION DESCATTION
oare: 12/ 28/2609 e
- - -
B | BC-02128-0021 |11 o BOTTOM HEAT SHIELD

x

[N

Information Copy

v3.10.15..71.1424 ... ..




HSINIS JOUYIW 84 ‘HSINIA

MUHL 22°@ X9

i
B8
|
22 wwonn
- h .
as,’," Dol
I5% TqQzOZ
gﬁg oﬁgcg
- AL - A %
S= 23253
2, SmEos
- ?
5y 03°%3
E";:; u| =
@ =20 T
s BE §
Sx IO -
5 = E
& T =
- o B
I
s =

410N

QNY SIDT d¥YHS TV Mv3ug T

o

T30S

9

NOTES; {UNLESS OTHERWISE SPECIFIED) TOLERANCES: gﬂm@mmmm;
1. DIMENSIONS ARE T4 INCHES, CONFORMING TO ASME Y14.5-1954, XX x.030 THE. WY OF SDEN
ALL DIMERSIONS APPLY AFTER FIHISH, X0 £.010 e eI T Ty
2. DE-BURR AND BREAK ALL SHARF EDGES AND CORNERS TO £.015 Max, XJOOL +.005 TRARSH FoOTHES
3, SURFACE TEXTURE/FINISH 64 RMS ANGULAR 3 L7Z] ] St ol sivcnaeo
A 5445 RAUSCH DAIVE [P Fad_11730/3009
FLAIN CITY, OH 43064 [GUR HH 12/28/2009
6148723948 |BIGR MM 12/28/2009
gaen o
oo
SIZF | PRAWHERPAAT HEIMBER, rflamg RV o8 09-6377 Mtk
B BC 02128 0022 Lol bATEILDS 2812009
- - oF -
SCALE: 1:4

[— i - ]
zoue [Rov] oaTE | o ey | R BEVSION DeESrRimTion

8C-02128
BOTTOM HEAT SHIELD

X

4

Information Cop

-.3.10.15..72./.424. .

e




MAHL 273 X9

€07 —tfn—

HEe)

0sE2zd

[V

~ B
3 HEE gugrgr =
E d2 wIzs2g O
n £ m gEDZ
I =22 E AR =& 5
# ™3 CzIARRE m
T oA m
oe] ~ 8 :D 20w A - -
= - Ofs acr A
= P 0% mn e
8 g. HJbzaE 2
A @ M % (5> —
o N jut] A m
= R ZJd v m —
= N s - = Lo} sk
53] 3 2 T 4 ..
= - A
8 =2 g 7 o
= oz z
X 5§ S
T =
NOTES; (UNLESS OTHERWISE SPECIFIED) TOLERANCES; INFORHATION SHOWN ON Tils
i 1. DIMENSIONS ARE IN THCHES, CONFORMING TO ASME V14,5194, XX taom D%%swgum
ALL DIMENSIONS APPLY AFTER FINISH, XXX £.018 CROGEAILS, ¢ AXD 15 HGT TO [
2. DE-BURR AND GREAK ALL SHARP EDKGES AND CORNERS TOR.OIS MAX. X0 £.005 amma.cgl%.ub&ug;ge
3. SURFACE TEXTURE/FINISH 64 ReS ANGULAR & 1T W’gﬁ”f&lg{;mm
A 8445 RAUSCH DRIVE [0 MAB 1173072605
PLAIN CTEY, OH 43064 |OHR: 3 12/28/2003
614.873.334% EMGR: JHH 12/28/2005
gden = — —
ZOHE | i R CHARGED, i
SITE | DRAWING/PART NUMBER, e FOR: 1:;:::: LS TE BY }Eor ] o AESION DESCRIPTION
DATE: 1] .
B | BC-02128-0023 {101 | - |r BOTTOM HEAT SHIELD
>

L

information Conv

v3.10.15.73./.424




i |
4 '
g
1<)
= N
l 85
& 4
8
N
I FZ § mworQr =
= e SR ¥
G g7 Re:s28 O
v oE m S‘ ImMZ o
= ZF E 490 =/ o
23 OwZ g E
# M3 E =~ m & m
© Ayt BEHELPI L p - W
8a &Y =
= B3LHa0x O
8 20 ZBECxa; >
A
2 = E 25T —
& - qE9s8=% m
~ L m o Q
o == juj Rl v —
= ma Zd B m .
£ &8s 8% 3 K o
%] 3 T L) o
B e =0 =
= = = s
pw c >
¥ F 2 =
vt A T O
I x 3
-~
NOTES: {UNLESS OTHERWISE SPECIFIED} TOLERANCES: IHFORKATION SHOWH 0N THES
I. DIMENSIONS ARE IN THCHES, COMFORMING TO ASME Y14.5-1994 XX 030 ﬁ'&"&'ﬁnﬂmé“{ﬂ"
ALL DEMENSIONS APPLY AFTER FINISH, XXX 010 CRYOGENICS, LLC MB35 HOT T
2. DE-BUAR AND BAEAK AL SHARP EDGES AND CORNERS TO R.OL5 Max, KX £ .005 %‘ﬁfﬁ?ﬂﬁfﬁn"gggs{m -
3. SURFACE TEXTUREFFINISH 84 AMS MGULAR £ 172 ”‘;’,“;&?&,’g’;&’gﬁg‘"
o 8415 RAUSCH DRIVE [DS_TWis 1173077000
PLAIN CITY, OH 43064 | MR HM 12/28/2009
614.873.3949 ENGR: M 12/28/200%
el P i I A | ] I
T NUMDCHGENlC'-? e 09-0277 m Rev] DA | awieremv | e ) REVESLUA Lyl 1100
:12/28/2008 BC-02128
B - - lort | = fon
Bc 02128 0024 sur Lt BOTTOM HEAT SHIELD

” i Infarmation Copy

v3.10.15 .74 /1 424




E= L
w W

1 !
]
Ol
9|
J 38
S
(] o
m o=
3 FEE pworge =
= 43 Ua=Z<3w O
[£2] ms m m T i
+ ZFE Z9EER § —
# 3 O23ARE m
w = é N - 8 WA m e
= a¢ Cdmger )
& P A q 5 =R O
5 = 9J°Zs8% =
= = STERB —
— 5 @ g kil m —
= = = T m
= Bx & S 5 & -
%] 22 X 2 o .
T e T =
o 2 @ o
£ = E »
= o2 =z
=X w O
3 @ m
T =
NOTES: {UNLESS OTHERWISE SPECIFIET) TOLERANCES: wnmsnmgmmﬁ
1. DIMENSTIOHS ARE I INCHES, COMFGAMING TO ASME ¥14,5-1994, X k03 Mﬁ:%cﬂuﬂn
1 st omensions apey rven o, X0 £.010 TGS, UE MO IS HOT T =
Ny " : BE REPRODUCED, (ISCLOSED OR
2. BE-BURR ANG BREAK ALL SHARP EDGES ANG CORMERS TG RBLS MAX, KXKXX 005 _mmﬂ&%ﬂmﬁn&é
3, SURFACE TEXTURE/FINISH 64 RMS ANGULAR & 1| ety 1,
(1Y 6445 RAUSCH DRIVE [ovee s 1473672569
PLAIN CITY, OH 43064 [SHR: XM 1272877000
e an E14873349 [k X 1272812009
o uabic L — ] |
b R 09-0377 ol REV] TOATD CHANGED BY | EbR_ [ REVISION DESCRIPTION
BIZE | DRAWING/PART NUMBER SHEET REY TILE
B C-0212 002 L Dave:1 2f 28/ 2009 BC-02128
BC-02128-0025 )11 | - BOTTON. HEAT SHIELD

> %

=

'nformation Conv

v3.10.15.75./.424




e B
5
&
Y
= 2
=
w
[Yel
_...'
%
£
[4)]
5
=S
)
~J
-..{
T
=5
&
La

9O —efur

NEE

092°0Z%

[V}

~
g HEZE wvworar =
= 55 Op=< < 95
A nzd # TH e O
I =z 4 & m= = —]
23 QuHT
3 m = o —ih a Im
2 Ral 3BamRiz 7
2 8® §i&zoF 0
| o da8Cmn =
z - =] Uzbg r-
Q Z' =) q IS m
A W m 20X
4 el -t .
) w Zd - [
= M & - . "
I (=Y =z hrs] g
¥ RN I o “I m o
~— = = &
= c r
2 2 &
I g g °
x X =
MOTES: (LWLESS OTHERWISE SPECIFIED) TOLERANCES: IXFORKATIO SHOWM 08 THIS
. DIMERSIONS ARE TH IICHES, CONFORHING T ASHE T54.5- 1994, XK £.0% ?‘&mﬁmﬂmwmﬁo
1% DIMENSIONS APPLY AFTER FIHISH. KKK 010 CAVOGEALS, LLC MD 15 MT T =
2. DE-BURR AND RREAK AL SHARP EDGES AND CORNERS TO R 815 X, 30K £.005 a‘fiﬁa%ar'oonm”mﬁs{w
2. SURFACE TEXTURBIFINISH 64 RHS ARGULAR & yiz| MEREE BT
o5 B445 RAUSCH DRIVE |, 1448 11/30/2005

PLAINCITY, OF 43064 [T 31 ar2ar20s|

d‘ n 614.873.3349 NG MM 12/28/2000
e e ] leiddd -1 - 1 I I
;. 09-0377 |OElREV] oATe ] ouseEDeY | ek | REVISION DESCRIETION

SIZE | DRAWING/PART NUMBER SHEET REV TME
DATE:12/28/2005 BC-02128

B BC-02128-0026 |11 | - 0 BOTTOM HEAT SHIELD

v ‘information Copy

V31015761424



[25]
>
wn
(=]
-1 &
[SY]
— >
-
- a8
1 D
8o
O o)
= "_"J >
[ S
mX i
= o
W :_:!
“e I
o®E [
<
~
o
’33
l ) .
T w
@ @ e
o N
" o]
v 1
O %)
Z z
[2)]
mg & o
Ry [8Y]
= N
. > i
™ 3 ’ <t
et 0
(8]
w X
> B
L
W i
- ~J
“oo
5
)
—— : [ N
g Rz 1)
2 REE Bwergr = |5
& A35 2s8z282 § D
v E 5 Q é m Sz o
o =] [Ye]
o 5 E SHEO g i g ”-! ~
$ BIL 2s3207 ™
o ! A~
r of =
% 2w RO g = g " S
D miys oM
= el X p=3
o
2 5""3 uls a SE B &
N ma 3
= AmamTg (=
% o S [w R m
= [ SR '2':] OBE O
(%} So 222 &
T @ @ wT g [ w
® =3 2 )
- m >
» 5 © .
?:"3 jand m
N L
g e
~ N
o
NOTES; (UNLESS OTHERWISE SPECTRIED) TOLERANCES! ERFORIMATIEN §HOWN Ok THIS
1. DIMENSIONS ASE IN INCHES, CONFORMIPKG TO ASME Y14.5-1994, XY £0x ﬁ%'m&ﬁ“
AL, IMENSIONS APPLY AFTER FINISH. XX £ 018 CREOGEHICS, WC B 1S #IT T, o
2. DE-BURR AND BREAX ALL SHARD EOGES ANO CORNERS TORB1S Max, XXX +.005 %%é%ﬂngﬁ‘f’&g
1. SURFAZE TEXTURE/FIRISH 64 AMS ANGULAR £ 1727 ”‘;r%'g&’ggﬂfﬂ
‘?. 8445 RAUSCH DRIVE [0WH MAB 1171272003
PLAIK CITY, OH 43064 [GiR: M _12/26/2009
BI4873.3:43  FHGR MM AMI8009 gy T T | | 59 (R0 We S AT
o oo APPR: . A1 A |aza/mad | MAE  [to0ams |1, AGDED $8.00 DIM FOR WELD SEAM,
s IONE | REV DA
VIIE | CPEWT/RART HUPRER, s o A - L L R P
: DATE: L2/ 28/ 20U BC-02128
B| BC-02128-0031 |10t [ A SIDE HEAT SHIELD

=

information Copy

v3.10.15.77 /1 424




[9)]
=
in
(-]
D | LY
— > | > ¢
| -
{ N
(=)
Wy T l °
LY ]
Qr_rl £ =
e
m> o V
were g
e T 2]
— n®OZE ( g L
-
It
<
8 ow
‘C ]
w < 2 w
N

WY3S
Pt

e1

££'59

¥

8 T JIVOS
V-V NOLLD3S

O

008k
(TUHL £8° T xs«' T»
i

e CT'EL XE

z
A

4

| — » ¥
—
d FEE gmwuyrvar = 5
=4 E8 O0.g,@ =
& FZg BEmEZEE QO o
~
T 2Z& TRzZgf 3 £
w B3F 8303BE M
B R -} o ™ L &
8- SmASAE 3
= ar SLOLOK- =
2 N NMIddpw 2lg
e} g s O 9 a 8 =4
= & ama
~'3 Zx B@ER°7 —
o
z B& ﬂmmg g
2 3¢ mIIs o9 0
3 8ot O O
¥ o = b
— O g = —
P a6 v m
~ I
i =
x -a
-~
N
[}
MOTES: {INLESS OTHERWISE SPECIFIED) TOUERANCES: | bommaskcmon s
1. OIMENSIOHS ARE IM INCHES, COMFORMING 1O ASME ¥14.5-1994, XX  +.0%0 FHE SOUE PROPEATY OF (087 (=Y
ALLDIMERSIONS APRLY ARTER FINISH. X0 1010 m%mg&
2.DE-BURR AND BREAK ALl SHARP EDGES AND CORNERS TOR 015 Max, IO % 005 TAASHITTED 0 OTHERS (O

ANGULAR £ 1/2°f #17 PURIOSE BOT ATTHoaDeD

3. SURFACE TEXTURE{FIHISH £4 RM5 EY EDN CRYOGEATLS, WC

3445 RALSCH DRIVE [0 MAS 11/13/2009
PLAIN CITY, OH 43064 [CHRR: HM 12/28/2008

E‘
e 6144733949 [ENGR W S2/28/2008 g [~ S i | B Izc-wss [z,Aweowewcm.wr.
en i | & | & | aaimw WE iR K -
3 R G4-087 ﬁ; [ cArE by |t | HUVISIER 1T RIFTUR

SIZE | DRAVWINGIPART NUMBER SHEET 3 REV | r13/28/2009 BC-02128

B | BC-02128-0032 |itot [A SIDE HEAT SHIELD

: 3 Information Copy

v3.10.15.78 /424




b
| 06" X9
e ]
e
A
0T XE
1

7 i N
' RN
20 2 3
> ° "
m2
LAJI—_”{
.. I
o =
N c 0]
g
=
b
jos)

<
Ed
N
A= ]
w Pl w
\
@ ! 8
b [
-] N
[
T |
[ %2] % [44]
O ®
— o -
mgo =@
w
> - -
n X
= 1 O
52
w
x B
[
« o
-~
w4
e
g
b [ - L] ~
2 REE gwmvgr =z S
F HA2F EBésRzEag O =
v mE Qo m E'-q = =
£ ZB Yrd-m E —] [
=5 o =0 L
¥ mI3E 3 BHx= m
o =k peord E - o b L
= §p SEESHE
[\ m
= Mo N s E-i ~wn %’
= = gq o= (=1
= - B o% =1
<] ~ a1 Wlin
S G =E Admgl- S —
2 g3 9822 g
2 Bx ZZdz ¥ )
T oo wTo Y
o 3y i
¢ o © m
= = =2
£
Wi .
R
2 S
~
HOTES: (UNLESS OTHERWISE SPECTFTED) TOLERANGES: ORI N T
-t 1. DIMENSTONS ARE IN INCHES, COMFCAMING TC ASME ¥14.5- )94, XX 103 THE SOLE PROPERTY OF EBEN -
ALL DIMERSIONS APPLY AFIER FINISH, XX £.010 Lyt s N 1o
2. DE-BURR AND BAEAK ALL SHARP EDGES AD CORMERS TG R.OLS MAx,  X.JOX +,008 TRAKSHITIED TOOTRERS FOR
. 3. SURFACE TEXTURE/FINISH &4 RMS ANGULAR & /2] M:rm"mﬁmui’ém
? 8445 RAUSCH DRIVE O MAB 1171272009
s o PLAIN CITY, O 43064 [0 XM _o724/2003
n GI46733949  [ORSR MM 122802008 [T 3 T 350700 | MAT 100055 ]2, ADDED WELD CALLOUY.
e L AT A | ki | v El*@!mw,mm—_
GENIGS b 9 cor: | 09-0377 200 | REV | DATE | CHANGEDBY | £DR REVISION DESCRIPTION
S12F | DRAWING/PART NUMBER SHEET REY i THE
aTE: 12/ 2612009 BC-02128
B | BC-02128-0033 |1t | A [0 SIDE HEAT SHIELD

> 3

Information Copy

..v3.10.15.79/424



P
%)
T
N
o > @
- > %
N l o
R =
Pm g
— o
m 'J_>! N fea)
oo
w = 2
o ®E
g
(
i
@ ¥.]
\ N
™~
i ) [}
[
<
NI
‘ R
!
5]
” (
W m w
59 ”
[ s :
=]
mo
=z -
o
“~d o _L.._
aikE= 0
£
3 w
o >
= g
o @
o ~i
[ |
I
=i
1 )
- o 4
g FEE gwuvgr =
F HIid B s0p Sw
m3m s<SmEaR Q
+ SPE 2RSS %g |
& 3 GB'\ £ 2s-Z8 m -
=z > g L MR A2 ot
= & BLOFCok
g 8 NIngza
bt N3 I:.T mm n Eg
% m rt_qn S9=Zd m —
o] B e e ]
73] =20 =
v W e [31]
b= S
-t: = m ™ U')
e
£ o= [
> &) [or) >
= < m
< m
~ —
s .
= N
NOTES: {UNLESS OTHERWISE SPECIFIED ) o
1- DIMENSIONS ARE I IncHES, Oommr)nmevu.s-ma. I?cw“i"ﬁif m%:m::m“_‘ s
ALL DIMENSIONS APPLY AFTER FIRILSH, X +.010 m%%‘uwgﬁqa
2 DE-BURR AND BREAK ALL SHARP EDGES AMII OORNERS TO R0IS MAX.  XJOC 4,005 “”%ﬂ‘ﬁ?ﬁ?ﬁ%ﬁ“ -
. SURFACE TEXTURE/FINISE 64 RMS ANGULAR & 172" “;f}&’g‘é&mm
.?; 8445 RAUSCH DRIVE {20! MAB 11/12/2609
PW: CT;Y,DH 43064 KR M _Lap2872009
14.873. 3940 DGR, M _12/26/2009 |55 N
- f2r20 10 “ﬁn -momss 2, ADDED WELD CALLOLS!
sore: N N I T ;
ORYO G | 10-0055 3. ADOED %8.00 G1M FoR, N
T BRAWINGI AT S L v e 0s-0377 % REV] OATE | CHAbcECEY | Fow Wmm BESCRIFTION
DATE: 12/ 28/ 201
B| BC-02128-0034 |11 | A i peoas
Sk LY SIDE HEAT SHIELD

I

Information Capv




p= [=2]
23]
>
n
o
+a -y
_ > | b»
- —
| )
+— <
w
A9g o
> =
i Eq "
(g
m 2> i
wrr :—E| “
" m B <
N < -
g
=
o
(Xl
w <
[
[
I °
w w
<
:: <&
N
@ 2 Y
*
o
o
o (
o g
W m " 5
Sye %
s mg 8
w
= 2z Q“‘
" on >
S| = 0
w l
B3
[
% e [
& g
[
o £ I
&
M [a%
. l ¢
!
“n - >
2 REE Bwamvgr = -
G fdind ssR@2g O o)
=3 =X =
+ =F E 2R 3 oo - =
# m3FE SZ932X m @
o = 61 A = é o X - [¥=)
aw LmA (& = et
= ar QEQHoF
= Lo
& “e RO9OB g
3 g PomOrag O
S 4y s2JEB: 2l -
=5 | m > f=ti
— 2 gs B3 o G\
= £ 5 ﬂ mEE <~
& S z2n= 8 W
x o W + m
-t e o I 0
D - x>
E a9 oo o= —
% g [ m
= (]
)
(] ve
s )
P o
NOTES: (UNLESS UTHERWISE SPECIFIED) TOLERANCES: ERFORATICN Sk ON TS
Joa U DEFENSIONS ARE W INCHES, CORFORMING TO ASHE Y14.5-194. XX £,0% %‘%mﬂé“m
ALL DIHENSIONS APPLY AFTER FINISH, XX +.010 s, C mols KT b
2. DE-BRRR AND BAEAR ALL BHARP EDGES AN{ CORNERS TO A.015 MAX. K000 4,005 TRNSHITTED TOGTHERS FoR
2. SURPACE TEXTUREFFIMISH £4 RMS ANGULAR o+ 12| #] R e
?: 8445 RAUSCH DRIVE [O¥N:_MARB 11/12/2009
PLAIN CITY, OH 43064 {3H8: HM 1272872009
6148733043 JENGR 4 12/28/2008 |55~ T—3 T 224/ 10 Iy 0% |7 ADGEOWE fr e LT
RPPR: A | A zmtzuwl Mag {ib%d’é's"]'i?fm"e?:«.uonmmwsmsem.
GEMNIE S 09-0377 JONETREV] DATE | CHANGEDBY | EDR | REVISION DESCRIPTION
SIZE | ORAWING/PART MUMGER SHEET F 21’2-8 2009 TE BC-02128
DaTE: L, {2009 ks
B | BC-02128-0035 (1«1 | A o F SIDE HEAT SHIELD

b3

L

Information Copy

.¥3.10.15.81./424




- o
[2))
=
in
o
o o+
> | b o
R | =
f ]
3
wn i I
aOgv
e [q o
— X
m> s
wr B
S g
L) ) —
[}
ﬁ (
=2
T
(T3
we) <
]
\ B
1 ’ -]
e w
<
I
pa
§ (
|72
§ & ] E:,
[ 9 & i
m on
o0 h <
- v
. h
S
. 0
3 W
& 4 =
“
=1 : S
5 g
oy
oI
~
[ )
[ Y a
O FZ=32
= : IS 5,1 g w % ™~ 8 L - .
o =
@ mg-m ssmEz2g O )
+ & bl e B 1 g —! il
a3 @ F0m 2
i m3 = & =5 a ~ m
5 33F 8=5EGZ T 2
8x Lmr2Sd ~
= Q0 HCE
= o mE5gHEYr-
2 R MNomgRy
o I
& Be ppdZ8: Oors
=1 E Mmoo o] w
- X HAmamTg Sle -
= B% 4REE O g B
T & v o N Q
x =@ = 4
LI - m
o n Y
N s [y
—
T e
= i
o
ROTES: (LWLESS OTHERWISE SPECIFIED) TOLERAMCES: INFORMATICH SHORAL OF THIS
1, DIMENSIONS ARE LM INCHES, CONFORMING TO ASME Y14.5-1904. XX 108 poryd mqu;::‘n
AL DIMEHSIONS APPLY AFTER FINISH, KXN £.010 o, St UnI kT To
2. DC-BURR AHD BAEAX A1), SHARP EIGES AND CORMERS TO RIS Hax, X.00C £ 005 TRAISHITIED T DTk FoR
3, SURFACE TEXTUREIFINISH 64 RIS ANGULAR & 177 MRS Mo
8445 RAUSCH DRIVE |o%h: 48 11/12/2000
.?. PLAIN CITY, OH 43054 FCitR: MM 12/28/2009
en S14673.348  [EHGR MM 12/28/2009 T Toaum [T TI00058 | 2. ADOED WELD CALLOUT,
APPR: A2 | A [ SR | T TWRE | 10-0053 |1, ADOED 8.0 DIF FOR YELD SEAN.
(38 (35 09.0377 0K REV]™ DATE | CHANGEDEBY | EDR REVISION DESCRIPTION
5176 | ORAWTNGIFART HUMRCR SHEET | REV | 1212672008 TME BC-02128
DATE: s
B | BC-02128-0036 |ix1 | A [ois SIDE HEAT SHIELD

I

information Copy

v3.10.15.82./424..........




o i w0
E- B
w
=
b
w
=
W
e— w —
>
[
N
8
(=]
>
Q.
g
253
~
w w
e — . -
E] 8]
J REE gas =2
= 5 It e =N O
8 dig babbnBER
b <
SEE peoseYZE m
# M3 ooadsdSsIins .-
[ B I wﬁwwwzcm
= = ARhnem
& TCOTY N =
= iy [ragen o)
e i_ﬁ J02
g @ = —
= 4] I L_q (o]
7 =] (el -
m
z o RS
T
i)
[}
=
NOTES: (UNLESS GTHERWISE SPECIFIED) TOLERANCES: TRECRATICN SHOWS D THE,
1. DIMENSIONS ARE IV INCHES, QONFORMING T ASME V1451994, XX .03 Ww‘?z%onmo%ﬁo
ALL PHMENSIONS APPLY AFTER FINISH. PE SR CROGRICS LLL A [5 MOT To =
2. DE-BURR AND FREAX ALL SHARP EDGES AND CORMERS FOQ R.015 Hax, OOKK & 005 %%Ké?r'ﬁmﬁw
. SURFACE TEXTURE/FINISH 64 RMS. ANGUUAR & 12| M FERCE KT ATHADED
% B445 RAUSCH DRIVE [DA1: HOB /2072010
PLATV CITY, DH 43064 [GIR: 1M 472012010
d' 614.873.3340  |BIGR: MM 4/ 20,2010
g|gden oy T -
o ZOME [ REV] DATE | OUNGIDEY | EDR | REVISION DESCRIPTION
ST | DRAWHIG/PART RUMBER ETETI Tt S 2072010 | BC-02128 ——
DATE:4, 2
8 | BC-02128-0031-SLOT | 1ol | - i GENERAL SLOT ARRANGEMENT, SIDE HEAT SHIELD
> % "

Information Copy

v3.10.15.83/424 .




b
[l .
w A G ! & g Q
0 0 9 Q B
=09 & 29 hog
Mo E ? 2 ® in o in »
mo 2 in o = & e &
HZ% @ 9%
@ =
wd | 2 g
-+ %
w
R
[y
o
. 1%,
— g~ °>* O .
n @ g {
OR ,%;_ cfn O .
I:ES 3 10y @
~ 2
B -t ! : —| 1 2 F
L0 B S E
g 5 2ogs
in 5
A
[ m Zz @ |«
L d o4
—- S A&
e = Y
=
N ° .
f 55— 3

.
"

¥
£

T 31V0S
a-a NOLLD3S
— 95—~

Zos
& |

o

—
Q.
] & |
- o
172 oo =]
— 9 ‘ |
moQ DY AT T DG Y
- = [ [
T I (=
w J N b
N p-] m N
E =
= 2
to) m
i [%2] N =
g £ Ngr oz N a
@ 24 £2% O
: FE  BE¢ o
z g 58> m
i [~ = I =
é 1] m =l -
& 70O~
w = A n
: oy Eze
=2 20 w
() n Q2
g | ™ ) -
P W m =
5 24 o3 =
4 e [ N <2
m tn b [y
0 T bl
= .
> 8 S >
&% = |if|2 g
~3 ; <|& o=
NOTES; {[MLESS OTHERWISE SPECIFIED) TOLERANCES! NFORMATICN S HOWH D THES
i ] 1+ IMENSIONS ARE IN IHCHES, CONFORMING TO ASME £14.5-1994. XX £.03¢ mﬁﬁm&gﬁ
ALL DIMENSIONS APPLY AFTER FINISH, AXK %010 SO LS W To Lol
2. DE-BURR AHD GREAK ALL SHARP EDGES AND CORNERS TO RU15 Max, X000 £.005 TRANSHITTEG FO GTHENS FoR
3, SURFACE TEXTURE/FTHISH 64 RMS AMGULAR £ 1T "'&Wémmlﬂ'
? 5445 RAUSCH DRIVE [DWh: MA8 1271112005
k2 FLAIH CITY, O 43064 SO 3 122705
6148733549 {ENG MM 12/28/2008 N T T T SR T
en AP R WAB 300023 _| ADDED 625927 SAMPLING LENGTH FOR 32 AMG SURFALE FINISH,
LDENITS b vl . og-p37y |IE[ER] Geie CHANGED BY [ FDR | REVISION DESCRIFTION
il sl HE | loxaarasr000| ™ BC-02128
DATE: .
B BC-02128-0040 {1«2 { B |- OUTER VESSEL, TOP FLANGE

" | *  Information Copy

v3.10.15 84/ 424




w
>
Lt
=
i B
5 > I’
[ [
= o
0 a
M
= 4
8 =
= O O &
i O O <
=
=
@]
.
[
[+7]
< .
(%)
Q
s
]
el
[#Y]
w
T
Q
a
AN o
i

WOLEOE 39NV

|

O

YL@

O

/
05°AGZ - DNN 0Z-+/T . 4 - 1
/
© ﬁ< ”
' ; [
\ A\
\L/
O

O

45

w
>
=
Yy [
d
™
[
;‘ =
=
) e
R .
[
[os]
A
u
(=]
o
J G T
[+
[
c\\
L]
NOTES: {UNLESS QTHERWISE SPECIFIED) “TOLERANCES: IKTORMATEON SHOWN ON THIS
1. DRMENSIONS ARE IN INCHES, CONFORMING TO ASME 14,5 1004, Hx 103 “&mwgg#rﬂ‘g
ALL DIMENSIONS APPLY AETER FINISH. XHK k010 CRASGENICS, LC kD15 HOT TO! =
2. DE-BURR AND BREAX AL SHARP EDGES AND CORNERS TO R.15 MUL,  XXXX £ .00% B%ﬁpﬁgﬁufggma%w
3. SURFACE TEXTURETIIOSH 64 AMS ANGULAR & /2] "fvﬁfm”iﬁémmm
Yoo 495 RAUSCH DRIV [0 98 1Tz
PLAIN CITY, OH 43064 [CHKR: 3¢ 1212841008
614.873.3949  [ENGR MM 12/20/2005
St JERRAIN ol PR S | e 100117 - ’ 1R
DATE:12/ 26/ 2009 BC-02128
B - - 2 o
BC-02128-0040 2 P OUTER VESSEL, TOP FLANGE
>

Information Copy

..¥3:.10.15 85/424.




> * * > -
o
[
. &
©
& ~
w K
e B
Z 3
m >
— [ 28]
- I
- o
- <
I \
% vz
T _1__\_ O
} 8]
w
>
=
o [
i)
oo &
n "~ M .:_E|
o
2z 3 %
o 2 (=
2z 3
- 2 m
MmO m =
= Z o =
T Q E
¢
0] o= 2 q—-
g o
ey
o
=
& ]
1
T
= ZEF  M3- Z 3
B &34 ~RE O ~
I L] w2 """ 3y
ool g » O in
£ 5wt BGZ M €
L g = .
d BE&x Sok
™ wm nETwn ooy
.g Eh S o
R : 3
8z = 5 0 _
— & ~ m ~—
& x ° g M
wn m m
= ! I =
mO) a - Lagaed
T Bz e
g
lw]
£s 2 o
o> [ o3}
o m
I
=
B
ROTES: (LNLESS OTHERWISE SPECIFIEL) TOLERANCES: [HFORMATION SHOWH ON THES
1. DIMENSIONS ARE TN INCHES, CONFORMING T0 ASME Y145 1594, XX £.030 %%m&“m‘aﬂ
AL DIMENSIONS APPLY AFTER FINISH. X0 040 CEVCCINITS, LLC A 15 HOT Ty . Lol
2. DE-BURR ANG BREAK ALL SHARP EDGES AND COIMERS 10 R015 Max,  XOX £.005 °§§§“§;}'¥z‘§"rﬁ'§«°‘£?&“
3. SIMEACE TEXTURE/FINISH 64 RMS ANGUUR 4 /| M LREROT A
o 3445 RAUSCH DRIVE [ 7B 337272000
PLAIN CITY, OH 43064 JCHRR: MM {2/720/2009

d. 6148733942 [ENGR: M (2/20/2009
e en o oF— T T
. 09-037y |OEREV] oam f Turcense | eor | REVISION DESCRIFTION

S1ZE  § DRAWTNG/PART NUMBER SHEET REV TIiE
DATEL2/28/2009 BC-02128

B | BC-02128-0043 |11 | - —0F VACUUM VESSEL, PIPE, 24 PS X 5CH 10

R Y (i e
Information Lop

v3.10.15.86./ 424

> 4

<




S
I
|
a4 !
= O w
w
>
9. |
N
[l
L*a)
g | 2
w
vV a
O M=
b 9 =
—
jn
- -
Z G
" ™5 ey
et 7Y = ﬁ
&)
utl b= @
2 §3 8% =
7 Bm 20 Q
= & HE M 7
> NN = "
= 5 pu IS
c 3 @] £
il 2 2y
g g%
A g -
3 2
: 7 3
8 2
& -
S o
- ~
m
el
i
o
NOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: XFORAATION SHOWM DN THES
1. ARE TH IRCHES, 10 ASHME ¥14.5- 1994, XX 0% wmmnw&wﬂn 9
ALL DIMEHSIONS ABPLY AFTER FINISH. XXX £.,010 g’mﬁ(‘g;’g&%ﬁgg bt
2. DE-BURR ARD BREAK ALL $HARP EDGES AND CORNERS TO'R 015 MAX, XJ0XX +.00% TRAFSHITTED TOOTHERS FOR
3. SURFACE TEXTURE/FINISH 64 NS ANGULAR £ 12| M RITEERT BT
. B445 RAUSCH DRIVE [TVA5 MAB 20672010
PLAIN CITY, OF 43064 |CHO: JiM 212672010
614.873 3H3 ENGR: MM 2/06/2010
en . R —
200 | REV DATE CHANGED 8% EDR AEVISION DESCRIF TION
SIZE | DRAWING/PART NUMBER Seer ey [0 lo-0057 TlTEEJ
B | BC-02128-0043-HO DATE:2/26/2010 BC-02128
. LES [ L1or1 TP VACUUM VESSEL, HOLE LOCATION

= H
!nfarmatlon Conv

v3.10.15 87 /424




>
r—i——
R -
|
!
!
I
v
Ym
59 |
— ¢h {
mo &
. Z
LI I>
[
>
© ! w
& [
1]
.
- |
in
(=
-
-~ N =
™
=
(=]
hiY
=]
o
~
w
2 §3 3 =
& =7 e
T T = =
I # E mz -]
Z v A m
z W g & w
g &z o O
g g@ 22 F
- & 5 2% m
W Y'm
F X =
- B é .e
3=
n
Z & > et
m & g
e
B =
Y
(=]
NOTES; (UNLESS OTHERWISE SPECIFIED) TOLERANCES: [HYORAATION SHOWN OH THE
L DIMENSIONS ARE IN THCHES, CONFORHING TO ASME Y1.5-1984, XX 020 "#«mmﬁww
AL DIMESSIONS APPLY AFTER, FIVISH, XXX &.010 CRYOGENK'S, L1C AND 15 MOT TO| -
2. DE-BURR AMD BREAX ALL SHARP EOGES AWD CORMERS TO R.045 Max, X0 £.005 %mm%ﬁ%ﬁgs‘?&“
3. SURFACE TEXTURESFINISH 64 AMS ANGULAR 1k §/2 ”%w&%ﬂo&m
o B445 RAUSCH DRIVE [L¥0_MAE 11/2/2000
PLAIN CITY, OH 43064 |CHIR: M 12723/2008
614.973.3943  FENGR: JHM 12/28/2009
GEMICS wuon [ s ] Fo
REV A
SIZE | DRAWINGIPART RUMBER TR e o 88-0377 Trr"LE"'L'“J e BC-02128 i
DATE:12/ 2812009 -
B | BC-02128-0044 |1~ 1l - e - OUTER VESSEL, FEET
s @ =

information €

v3.10.15 88 /424

SN




og

£
7205
(05T
£

£SZ'H

¥
05—~
4

| paaprarsrst
[ <7
cor

s
W
-t
[7H)
3] b
m 2]
Z= ¥F 88 =
& 2 m 28 O
T v = =
& # E bl |
£ w [ Rfe m
e & 4t
c @, c®
£ 9w o E
~ g 8 ~
= el
= m
— E g 0 =
m Q)
& 4 b
& 2 n
w o
E
3 .
9N ]
NOTES: {UNLESS OTHERWISE SPECIFIED) TOLERANCES: DIFORRATICH SHOWN OF THES
— 1. DIMENSTONS ARE IN (NCHES, CONPORMING TO ASME ¥14.5-1994. XX £.03% %’wﬁ%&wgﬂnﬁgn
AL DIMENSIONS APPLY AFTER FINISH, I £ 010 T L A I T -
2. DE-BURR AND BREAK ALL SHARP EDGES AND CORHERS TO R.015 Max, X000 £.005 mux’oommroa
3, SURFACE TEXTURE/FINISH 64 RHS AGLLR 1R e
'I. 8445 RAUSCH DRIVE [0 MU0 1071172009
PLAIN CITY, OH 43064 |CHIRC MM 12/28/2009
en 614.873.3949  [Em MM 1 2202H9
e o Lﬁm = ; I I
BYOGENICS eor:  09-0377 JEAE|REeV] OATE CHANGEDBY | EDR | REVISION DESCRIPTION
SIIE | DRAWING/PART NUMBER SHEET [t : 5 {TmE
B BC-02128-0049 |11 oarzi12/ 28/ 2009 BC-02128
oF mE | 12 QUTER VESSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK
k-

Information Copy

v3.10.15 89 /424




v
Q_
g

v
>
1S
=
W s [ 8)]
QU - Y X
I o
Z £ B .
I'I'I.3_>| ma BN
Ll B L
A o *
— n N
* &
i Y
4 (9, ]
a a
‘2
O
I
3
=
i
i —
o
Sz
nog
e
I
rénr’w
Bk w
§~°
[r—
g; | o0 o { @® [ oe
8 B 2 g g (o

"
=

9

1 31V0S
v-v NCl)LDElS
}_
!
|
!
[
E i =
!
|
L/
!//
@ .

[} ’
I
9]
S
5 TEE  vg- oz
F k24 522 O
T > [1+] o = E "'"l
T &8 5
2 BuE G M
> =l AR [w] i -
=4 o8 5 mA e
< o & [w RN
£ Tagn 35¢
= =]
Lt Ao
85 =93 -
=5 m m
g ¢ g (7] )
2w z I3 =
i O T ow -
n T = rm
s £ O
= [ -
X 4] .
W m
w
&
NCVES! (UNLESS OTHERWISE SPECIFIED) TOLERANCES: IKFORMATION SHOHX OK THIS
L. DIMENSIONS ARE TN INCHES, DORECRMING TO ASME Y14.5-1994. XK 030 “&“&%“&" D%em
ALL DIMENSIONS AFPLY AFTER FINISH, X 4010 e b haT T .

2. DE-BURA AHDY BAEAK AL SHARP EOGES AND CORNERS TO RIS bax, X0 £.005

AT FAPORE MOT TR
1. SURFACE TEXTURE/FINISH 64 S ANGILAR & | N et e,

.?. 8445 RAUSCH DRIVE |DWi: MAB £1/3/2009
PLAIN CITY, OH 43064 [CHR: HM 1£2/28/3069

d' 6148733948 [ENGR: 1M 12/26/3009
gaen A ——r T
o9-aagy [ZXE|Rv] Date | CHARGEDEY | Eow | REVISION DEZRIPTION

SIZE | DRAWING/PART NUMBER SHEET REV MIIZIZGIZOGS i'3 BC 02128
DATE:. *
B | BC-02128-0052 |10t | - 0 PRESSURE VESSEL, PIPE, 12 NPS X SCH 10
- > X SC

K

©v3.10.15 90/ 424

information Cronv




|
05’
18
l

] o
R
0 T
=9
— Q
Mmoo oo —+
2 Yl
--'>
w Nj> [N

2
B S et
—
3
3
Z
(] ()
il 193] a
o
5 AZ% QF =
& o z8 O
w
T b E E=x 4
w
z wWrZ GE M
= £ 9F -
= G
g &~ & wn
- 8 Bt Q)
Ym r>_
8 m
m
(2] o
T -a
=
o o
NOTES: (LRMLESS OTHERWISE SPECIFIED)} TOLERANCES: TREORMATIDN SHOWY ON This
- 1. DIMENSIONS ARE TN INCHES, COMPORMING TO ASME Yi4.5-19%4, XX 4% %ﬁmyﬁw
ALLDIMERSTGNS APPLY AFTER FINLSH. XX( £.000 Frril et =
2. DE-BURR AND BREAK AL, SHARP EDGES AND CORNERS TOR.015MAY.  X0X £ ,008 0 TOOTHERS ROk
3. SURFACE TEXTURE/FIHISH B4 AMS ANGULAR % 1T | MERRESERTANERE
8445 RAUSCH DRIVE [0 HAB 11/3/2009
.?‘ PLALI CETY, OH 43064 FOHKR: M £3726/2009
6149733049 [ERGRL MM 1272872009
GENILG " - I lI II
=5 " TONE DATE | QUNGEDEY | _FoR REVISION DESCAITION
$12E | DRAWING/PART NUMBER SHEET Pev 1:;:?;:09 TME BC-02128
DATE: 3
B} BC-02128-0057 [t1u1 | - [ INKER VESSEL, GRN SINIERED METAL DISC
2 4_\ 7]

ormation Copy

v3.10.15 91/424




:
—
=
E|
3
-Bl T
+ | I
w
padis
[
[9%)
]
(%) N
d 852 @
2 253 898 =
g >50 O
© L wm =z Y
- o g G~ —
: 2PE 3= %
-4 0
oy =
5 P -
— o~ m
[=Tn~]
tn § Lo
m
m (€8]
pog
=
[w}
NGTES: {UNLESS OTHERWISE SPCCIFIED) TOLERANCES HORMITOH SHERROR TS
- L. DIMENSIONS ARE TN INCHES, CONFORMING Ta ASME ¥14.5-1094, XX 03X mn'm{ffmgm
ALL DIMENSIONS APPLY AFTER FINISH. XXX 010 IO, LMo ¢ har T e
2. DE-BURR AND BREAK ALL SHARP EDGES AND OORNERS TQ R.045 MAX. X0 4.005 TRAHSKITTED TOOTHERS FOR
3, SURFACE TEXTVARIFIHIH 64 RIS ANGULER & 17| YRR AT
.ﬁ $445 RAUSCH DRIVE |OK: MAB 12/3/2009
PLALY CITY, O 43064 CHR: KM 12/28/2009
en AI4R7I 1048 [ENGR M 17/28/7009
e lnaiid I ] ]
) ZOME | REV] " DATE T cHacEDaY | EDR | REVISION DESCRIPTION
Size TDRAWINGIPART NIMBER S W OV PR-0317 o
B| BC-0212 v 12/ 282009 BC-02128
-02128-0058 [1o1 | - 0 INNER VESSEL, GKN SINTERED METAL BISC
k-3

4 - .
Information Canv

v3.10.15 92 /424




b
- S
f»
— A —
>
[y
-
o
N
=3
c
=
O
.
[y
w
w £ w
o s
: &
> >
i\ kS
g g
z 0
= =
= =
0 o
o 7 7z
4 /
er 9 4 N
+ mo & <
= | b
% Y
L .
> L £
~ Olw :
> o % fas]
Py o | W w
%] [ ] ] >
] o) «x 5
[w] 3]
% a
3 o :
I~ ] Slin = N
%) 8 m
p A
b3 %a]
= §%  QE Z
=3 =
g =z 28 O
& i E il -
g v GE m
pr “E .-
% g2 Sy o0
wun o] O
= Fw 8 % I
e -
W Ym
— g > 8 m l—
2 ) N
™~ 551 e
5 P W
5 ©
A
o
NOTES: (UNLESS OTHERWISE SPECIFIED) TOLERAMCES: mroumnscm mﬁ‘?ﬁ%
[ 1. DIMENSIONS ARE TN INCHES, CONFORMING TO ASME ¥14.5-1004. XX 20310 THE SOLE PROPERTY OF EDEN
AL DIMENSIONS APPLY AFTER FIHIH. X £ 010 F i =
Z. DE-BURA AND BREAK ALL SHARP EDGES AND CORNERS TO R.O15 MAX. XJOX +,005 TRAHSHITIE T0 BTHERS FoR:
2. SURFACE TEXTURE/FINISH 54 RHS ANGULAR 177 | M R TR
- 45 RAUSCIY DRIVE [24P 28 Tij2573509
PLAIN CITY, OH 43064 {3U8: 1M 12726/2009
en 614.873,3049  [BedR: M 12/28/2009
N I —
._eRYDBENmE eor:  09-0377 el Ro] (AT T oweerney | en ] REVISION DESCRIPTION
SIZE | DRAWING/PART NUMBER SHEET REV ) 12/28/2008 TIRE BC 02128
DATE; "
B | BC-02128-0102 |tot | = PARALLEL PLATE RELIEF, BOTTOM PLATE
b

Z:) o
information Cop

v3.10.15 93 /424

Y




> fos]
B B
] w
wd
~
8
o
~
iy
1
. ~
§ % LDH !
= g (O <+
mo
— Z
L) !>
ok
B Ols
. ol
=]
& | a2 § |
>
g
]
o
. 2 .
=
%
"._13 wy
2 £3 g3 =
173} 2 m 2 @)
b =
£ v GE m 7]
3 B -~
[ o= ow Q
E 8 2% =
w
RS g m
¥i'm
— g B e —
= & s
=
= L)
BE=
B
=1
NOTES: (LMUESS QTHERWISE SPECIFIED) TOLERANCES! LHFORMATICN SHOWM ON THES
[ 1. DIMENSIONS ARE 18 INCHES, CONFORMING TO ASME Y14.5- 1004, XX +03 %%mnfmﬁ
ALL DIMENSHN APPLY AFTER FINISH, X E.020 L an st 1o =
2. DE-BURR AND BREAX ALL SHARP EDGES AND CORNERS TO R.025 MAX, X0 £ .005 TRRSNITTELTO DTHERS R,
1. SURFACE TEXTURE/FINISH 64 2008 ANGULAR £ 12| M RATEE W Aok
LI N 6445 RAUSCH DRIVE [0 Wb 1373573000
PLAIN CITY, OH 43054 |Q8R: MM 12/26/200%
en §§4.873. 3849 FME: M 12/28/7003
eden = S E—r
i ; ZONE | AFV | GATE | CHahGED BY
SIZE | DRAWING/PART NUMBER SHCET Rev (o 09-0377 oo = BC-02108 SR
DATE 12 28/ 2009 -
B| BC-02128-0103 ji1et | - [ PARALLEL PLATE RELIEF, TOP PLATE

>

Informat

on Copy

v3.10.15 94 / 424




E.N E-N
)
~N
it
(€3]
=
=
O
[
[sy]

— ¢ |
| -
.-y
e B |
[ w

¥

1:7T 3OS
V-¥ NOLLD3S
A

[N ]
| =
4 £Z 0g =
@ 24 2T O
= = E o= -
£ 3E e m
3 2w T s
c A B [w] % Py
- = o =
& i
—— rJ -8 o —
S 8 &
s o "'
= z o
r~J L) [y
i
NOTES: {UNLESS QTHERWISE SPECIFIED) TOLERANCES: LFORMATION SHCHA D THIS
- L. DIMENSIONS ARE IN IHCHES, CONFORMING TO ASME Y14.5- 1934, XX 3030 %%Mmfmw
ALLDIMENSICHS APPLY AFTER FINISH. X0 £010 [ EOENCLLC MK T =
2. DE-BURR AND BREAK ALL SHARP EDGES AND COANERS TG R,015 MaxX. CXO( +.005 TRAUSKITTER T0 OTHERS FOR.
3. SURFACE TEXTURE/FTHISH 64 RMS ANGULAR - & 172 %Wm»gg{wu,m.
5 3445 RAUSCH DRIVE [PR_1AB T2/23/2003
PLAIN CTTY, COH 43064 | QIR XM 13728/2009
614873,3549  [DWGR M 12/28/2009
YREENIGES A e zoweln.év{ T i[ CHARGED &Y { ;
DR
SIZE | DRAWIBKG/PART NUMBER SHEET REV R 09‘657? me BC 02128 A T
DATE 12/ 282009 3
B| BC-02128-0113 1ot | « SHIPFING SUPPORT, PLUG

= 3 .
'nformation Cony

131015 95424




B
J

4

T

—
Q.
)
e
g

1659

§ M
=
~ N
mo N 7 NN
w = (
o X %
> 7
o
&
N ™
w
2 BF MRe =
7] 2 m £23 O
t Fa 888 o
g gr géz M
d 8 ufst=
o Lok
. gzy
— § el g w
= o om 0 -
g g &
s —
€ m MM
= ot
Zz
P .-
[y
NOTES; ((RNLESS OTHERWISE SPECIFIED) TOLERANCES: RECRMATIOH SHOWN ON THI
- 1. DIMENSIONS ARE BV IHCHES, COMFORMING TO ASME Y14.5-1694. XX 14030 :‘;‘né&:i%r:fﬁz —
ALL DIMENSTONS APPLY AFTER. . XXX 1010 A
2.08-BURR moammsm?ﬂal:esMoooMEusmn.oﬂmx X000 4; 005 zﬁﬁﬁﬁ‘fﬁ%ﬁ
3. SURFACE TEXTURE/FINISH 65 RMS ANGUUR £ T Y EDEX RYDGENCE, {LC,
4845 RAUSCH DREVE [DF9 08 1272372009
&% PLAIN CITY, CH 43064 |Oi5 M 1272872005
GI4ET3IM0 v Em ey
gden e B
= WMWHRTNUMBERGEN[C:B — - D 09-0377 12;: REV| DATE | DBY | FOR | REVISION DE:
B| BC-0212 orE L2/ 2872009 BC-02128
C-02128-0114 |1t | - | FLANGE, BLANK, NWSC, MODIFIED, MDC VACUUM PROBUCTS

= 4& .
won Copy

v3.10.15 96 / 424

g

Informa




EN s
&
&
o
g \
z_&
)
&
B
in
Ll
(%]
S 3
5]
foay
e
s
ot
L “u w
o
[¥E)
>
5
o
[+3
O
ok
b
=
B
¥
O
=
- in
mo g
w =
LN >
=
IS ™
N
o0z (=
2 g% 8 = &
7] 2 m 20 O &
+ ﬁ E o= =
= wn g m
bl [ -
2 &z cu o
£ gr- ©E O
" = “E- 8% x>
u Y m [
— E X 8 m b
=
g2 4 N
- .e
]
o Z
=0 2 ("
B
R
S
NOTES: (UNLESS OTHERWISE SPECIFIED) YOLERANGES: | IWORKATION SHOWH ON TS
— 1. OIHENSIONS ARE IN TNCHES, CONFORMING TO ASME Y145 1994, XX .03 %‘ﬁﬁmﬁ]&w
AL DIMERSEONS APPLY AFTEK FINISH. XXX £.010 B T L
2. DE-GURR AND BAEAK ALL SHARR EDGES ANG OOHNERS TO 8,005 MAx, X0 +.005 11 CTHERS Foit
- 1, SURFACE TEXTURE/FTMSH 65 RMS ANGULAR £ 1/7] "‘:ﬁgﬁé{‘g&mﬁm
o 8445 RAUSCH ORIVE [P t7asiaoos
i PLAIN CITY, OH 43064 [CHR MM 1272872008
148713040 TG MM 12872003
en ok e
i " 5 | REY | DATE { CANSTBRY | EDR
SIZE | DRAWING/PARY NUMBER SHEET e Eok:  09-0377 TE o 02128 REVISION DESCRIPTIGN
oATE:12/28/32009 .
B | BC-02128-0124 j1o1 | - |— BRACKET, HANGING SUPPORT

F

* Information Copy

¥3.10.15.97/424 .




3

¥

L a.
3 ¥ % o
diem ecsmn ecsn 1O
ORYORENIOE GRYDSEZNION ORYDAEMNIDS 5
B445 RAUSCH DRIVE PLAIK CIY, OHIO 43084 3445 RAUSCH DRIVE PLAIN CITY, OHIO 43084 B445 RAUSCH DRIVE PLAIN CITY, DHIC 43084 2
YOLL FREE B77-273—4850 TOLL FREE B877-275—4880 TOLL FREE 877-273—4580 m..w _n
s | O
5 t} W —
CERTIFIED BY XDEN CEYOGRMICS, LLC CERTIFIED BY XDEN CRYOGENICH, LLC CERTIFIED bY XDEN CRYOGENICH, LLO mm a_
S
MAWP 165 PSI AT 932 °F MAWP 165 PS1 AT 932 °F MAWP 165 PS1 AT 932 °F 2] & wm
MAEWP _13 PSI AT 932 °F MAEWP _15 PST AT 932 °F MAEWP _15 PSI AT 932 °F 158
MDMT =320 °F AT 165 PSI MDMT =320°F AT 165 PSI MDMT =320°F AT 165 PSI 1SS ] S
EDEN SERIAL NO..02128-01 EDEN SERIAL No. 02128-02 EDEN SERIAL No.02128-03 S g @
YEAR BUILT — 2010 YEAR BUILT — 2010 YRAR BULLT 2010 3| e
BC-02128-1701 BC-02128-1702 BC-02128-1703 m g n
DUPLICATE & DUPLICATE & DUPLICATE & 3
elem EElem eclsm
8445 RAUSCH DRIVE PLAIN CITY, OHIC 43084 B445 RAUSCH DRIVE PLAIN CIFY, OHIO 43084 8445 RAUSCH DRIVE PLAIN CITY, DHIO 43064 =1 &I
TOLL FREE B77-273-4880 TOLL FREE 877-27Z—4880 TOLL FREE B77-273—-4880 Jz
g
mwmmwmmM 212l8] jo 2
CERTIFIED BY EDXN CRYOGEMICH, LLC CKETIFIED BY IDEN CRYOGENICH, LLC CERTIFIED EY XDEN CRYCGENICS, LLC mmmmmmmmwmm g8,
e MMM ER
MAWP 165 PSI AT 932 °F MAWP 165 PSI AT 932 °F MAWP 165 PSI AT 932 °F i el < 213
MAEWP _15_PSI AT 932 °F MAEWP _15_PSI AT 932 ¥ MAEWP _13 PSI AT 932 ¥ ety EIELIES 5
MDMT =320°F AT 165 PSI MDMT -320°F AT 165 PSI MDMT -320F AT 165 PSI T 2f. i<
EDEN SERIAL NO..02128-0% EDEN SERIAL NO. 02128-02 EDEN SERIAL NO. (212803 M“ mwm »
YEAR BUILT —2010 YRAR BUILT 2010 YEAR BUILT — 2010 xmmw ESE 4By
|ES -
BC-02128-1704 BC-02128-1705 BC-02128-1706 il R
i = i
B g o
NOTE: i1 BiR
Bs 2 em 0
1. BLACK TEXT AND GRAPHICS. dEz m ““ 3 e~
2. 3/16 LETTER STAMP SIZE. 11 i3 o«de =
MATERIAL: mmmmm cm...mu
Stainiess Steel 304/304 1 :Q
LB-003-000-001 £ 1 m :
Fasai "
FINISH: NATURAL grags 5@
4 3

’ *

-

v3.10.15 98/424




w

!ﬂformnﬁnn m oo

. 9

1
m
2
.
s
~ o
o s
@ 3 ® 52
clein clem edcdgn 25
ORYODHENIOB ORYOBENIOB ORYORENIOR o
B445 RAUSCH DRIVE PLAIN CITY, DHIO 43084 B445 RAUSCH DRIVE PLAIN CITY, GHIO 43064 D445 RAUSCH DRIVE PLAIN CTY, OHIO 43084 =
TOLL FREE B77-273~48680 TOLL FREE B77-273—4680 TOtL FREE B77-273-4880 -
%
[ 13}
CERTIFIED BY EDEN CRYOGENICS, LLC CEETIFIED EY EDEN CRYOGENICH, LLC CERTIFIED BY EDEN CRYOGENICS, LLC mw
MAWP _15 PSI AT _70 ¢ MAWP _15 PSI AT _70_°¥ MAWP _15_PSI AT 70 °F i
MAEWP _O PSI AT 70 °F MAEWP _Q_PSI AT 70 ¥ MAEWP _0 PSI AT 70 °F i
MDMT 70 _°F AT _15 PSI MDMT _70 °F AT _15 PpsI MDMT 70 °F AT _15 pdI ‘g
EDEN SERIAL NO..02128-07 EDEN SERIAL NO. 02128-08 EDEN SERIAL No, 0212809 g
YEAR BUILT —_10 YEAR BUILT — 2010 YEAR BUILT 2010 S lalal] 1w e
EnnigiolR|eiel 18 =
BC-02128-1707 BC-02128-1708 BC-02128-1709 Wmmwmmmm L HEERIE
Sebesbiclaizz) 1S3
RAEl el s 2y
. m.u, Wm.s g 1
GHeeg |ag
W " m m m W..W g
LR 2om %
NOTE: mw $2% i 5
1. BLACK TEXT AND GRAPHICS. ; ~
2. 3/16 LETTER STAMP SIZE. : 14
e nn__ i
Bs ¢ 0
E x .
i mmmmum«d i
Stainless Steel 304/304L m z7 § ﬁ
LB-003-000-001 m i g W %
ggd
FINISH: NATURAL WWWWW 2
s¥:d im

[

.v3.1015.99/424




S
3
2
ny M
5 &
~ 2 g
y S H » s
2 8 =
o
. =
g
y
v\
O I “
h -1
-
e
= Z
=P
-
m
g &
g &
9 » 5
=<
8 Q
o] =
=z o
A &
g §
8]
N DWmMND - 2
TharEEMNa:
o, 2o
TEzep=zz2 O
Sg@me E -
AR4ESBOGR m
RORELIRAR
aragef rou
¥4 % =S O @] o §
gzég RYy&%
¢ m wnwim* o
[=] 5 T WA m S
NAZE e U
e 9] 1)
eZdm 7 [ O
-
SFR = - 2 Al P [
ormog m o I
= = 4
: - 5 it
AN -
v N
[¥5]
NOTES: (UNLESS (THERWISE SPECIFIED) TOLERANCES: LXECRIATICH SHCN 05 T45
1. GIMENSIONS ARE [N INCHES, CONFORMTNG TO ASME Y54.5-1994, XX 0% %&M&im‘[f’m‘:ﬂu
. 5 i | CRYOGEHICS, ULLL AHD 35 NOT TO), [aoad
2 0 e, A A S DR A0 RS TOR OIS . OO 1005 | b oisie
3. SURFACE TERTURE/FINISH 84 RMS ANGULAR  + 1/ | AT RURESSL AT ke
8445 RAUSCH DRIVE W% MAB 10/15/2009
.?‘ PLAIK CITY, OH 53064 [CHR: MM 1272812005
6148733943 [ENGR: HM £2/28/2009
,E&‘Lﬂ en . el A | SR WAE [10-0214 | SEE SHEGT 3 FOR REV A_
HENIGS eoR: 09-0377  pOE REV] DA% | canaeD v | TEOR_| REVISION DESCRIPIGN.
SIEE | CRAMPGIPATE HFRER SHET R ' 12/ 2872009 (g BC-02128
DATE! -
B | BC-02128-5800-01 [ 13 | A ASSEMBLY, LIQUID ARGON TRC PURTTY DEMO PURIFIER VESSEL
> i nf mat‘on Co DY

v3.10.15 100/ 424




NOTES: (UNEESS OTHERWISE SPECIFIED)
L. DIMENSTONS ARE IN IMCHES, CONFORMING TO ASME Y14.5-1954,
ALL DIMENSIONS APRLY AFTER FINISH.
2. DE-BURA AND BREAK ALL SHARP EIMGES AND CORNERS TO R.035 Max,  X.RXX & 005
3. SURFACE TEXTURE/FTRSH 64 RMS

TOLERANCES:
X 2030
X0 3.0

3
den

ORAWING/PART NUMBER

BC-02128-5800-01

AMGULAR £ 1j2
8445 RAUSCH DRIVE
PLAIN CITY, OH 43064
614.873.3049
" E’zﬂ'} DATE i HANGED BY } [ i FEVIGION DESCRITION
ST T e BC-02128
2er3 | - ASSEMBLY, LIQUID ARGON TPC PURITY DEMO PURIFIZR VESSEL

‘nforfhation Copy

. V310,15 101/424 o




¥

PARTS LIST
TTEMITTEM QTY PART NUMBER DESCRIPTION STOCK NUMBER MATERTAL { )
1 1 |BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steal 304/304L
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ITEM[ITEM QTY PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 1 |BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steel 304/304L :
2 1 |BCO2128-5815 FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS Welded Stainless Steel 304/304L o=
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Stainless Steel 304/304L

4 _ 3 Av 2
PARTS LIST
ITEM[TTEM GTY PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 1 {BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steel 304/304L
2 1 {BC-0212B-5815 FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS Welded Stainless Steel 304/304L =
3 1 iBC-02128-5890 ASSEMBLY, HEAT SHIELDS, BOTTOM 8
q 1 |BC-02128-5900 ASSEMBLY, HEAT SHIELDS, SIDE z m
5 20 (FA-020-812-006 HEX NUT, INCH, 1 1/4-7 UNC Stainless Steel 304/304L ASTM A194 GR 8 e 5
6 20 |FA-020-812-030 SPRING LOCK WASHER, 1 1/4 Stainless Steel 18-8 2 m 2
7 1 [HW-001-001-474 VITON O-RING 2-474 Viton g5 2
3 20 [FA-020-112-326 HEX BOLT, INCH, 1 1/4-7 UNC X 6 LG Stainless Steel 304/304L ASTM A193 GR B8 g &
9 6  |710003 CENTERING RING, MDC VACUUM PRODUCTS mw - m
10 6 |712003 FLANGE, BLANK, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L wm m =
1 6 |701003 CLAMP, HINGED, MDC VACUUM PRODUCTS B | £
12 1 |HW-001-001-241 VITON O-RING 2241 Vitan 2 3
13 1 |BC-02128-0103 PARALLEL PLATE RELIEF, TOP PLATE Stalnless Steel 304/304L ASTM A240 B =
14 4 |BC-02128-0104 LIFT PLATE, SPRING 9663K56 Stainless Steel 302 5 m g
15 4 |BC-02128-0105 SHOULDER SCREW, 5/16 @ X 3 1/2, 1/4-20 UNC 90298A597 Stainless Steel 18-8 =20 =
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4 3 4 2 1
PARTS LIST
ITEM|TTEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 4 BC-02128-0044 |OUTER VESSEL, FEET Stainless Steel 304/304L ASME SA240 n
2 4 |BC02128-0049 |OUTER VESSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA276
3 1 BC-02128-0045 |WELD CAP, 24 NPS X SCH 10 Stainless Steel 304/304L ASME SA182 0
4 1 |BC-02128-0039 |SUPPORT, HEAT SHIFLD, 12 NPS X SCH 10 PI-192-010-021 |Stainless Steel 304/304L ASME SA312 g ey
5 1 |BC-02128-0043 |VACUUM VESSEL, PIPE, 24 NPS X 5CH 10 PI-384-010-021 |Stainless Steel 304/304L ASME SA312 s m A
6 1 |FL-384-150-001 |FLANGE, SLIP-ON RAISED FACE, 150%, 24 NPS Stainless Steel 304/304L il
7 3 (713022 FLANGE, WELD, NW50, MBC VACUUM PRODUCTS Stainless Steel 304/304L el &8 m
8 3 BC-02128-0111 |PASS-THRU, TUBF, 2 OD X.065 WALL X 4 5/8 LG |TU-032-065-031 | Stainiess Steel 304/304L ASTM A269 gig W.. B
9 2 LB-003-001-020 |VESSEL BRACKET, CODED LABEL Stainless Steel 304/3041. ASME SA240 mﬂ x= j -
10 t __[BC02128-1707 [LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 |Stainless Steel 304/304L i I=g @'
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NOTE: g 23 i
£ o A
1. BREAK ALL SHARP EDGES AND CORNERS TG R.005. : 2 Q
2. DRAWING IS FOR VACUUM VESSEL -01. ] n =]
3. MATERIAL CERTS REQUIRED ON ALL ITEMS. (DELEVER TO PROJECT ENGINEER), i o
4. PRE-CLEAN ALL SURFACES PRIOR TC FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. g m E e %
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH, BE:d | 3
5. 622" WELD PER EDEN SPEC BC103-001-022, LATEST REV. 5iicy _uu”d £ 8
§. PASSIVATE ALL WELDS, Egtis Z i
7. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001, Eiely o
8, INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, Ezgsl s D
SECTION 13.2. 1828 :Q
9. CERTIFIED TEST REPORFS AND TEST REGORD/DATA SHEETS SHALL BE PROVIDED TO THE m £ £ 50
PROJECT ENGINEER FOR THE FOLLOWING TESTS: Gagdi
9.1. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001, Fziss £m
4 3 IiN 2 1
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NOTES: (LNLESS OTHERWISE SPECTFIED) TOLERANCES: HRORHATION SHOW OF THIS
= L. DIMENSIONS ARE [N INCHES, CONFORMING TO ASME Y14.5-5954, L& S Wk o} m%ﬁm&f«”
ALL DIMENSIONS APPLY AFTER FIVISH. X £d10  |SEOHE IS =
2. DE-BURR AND BREAK ALL SHARP ERGES AND CORNERS TO ROLS MAX,  XJO0C £.005 TRARSHITTED T0 OTHERS ECR
1. SURFAGE TEXTURE/FINISH 64 RMS ANGULAR /2] MR T AT
P 8445 RALSCH DAIVE [0, HIB 507382003
PLATH CITY, OH 43064 [HR M 1272672009 3 | S/5iR10 T 05714 _5FE ST LFORREVE
BLAG73.3040  [EMR MM 12728/2006 gy 1T RS | 100073 12, ADOED 2975 B 27,75 D,
AR A3 | & | 313ma10 ) {00 71 Badia 588 557 A B.44; WAS 54 35, 1085, 595 8 4,00,
TG NUMMRE ENITE TR L os.0377 T TRV | DT 1 ooy | e FEVTSION DERIPTION
patz:12/28/2008| T BC-02128
B | BC-02128-5810-02 |12 | B WELOMENT, VACUUM VLSSEL
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4 _ 3 &v 2 t ﬂ“w
ST Q
TTEM|ITEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 4 |BC-02128-0044 JOUTER VESSEL, FEET Stainiess Steel 304/3041, ASME SAZ40 .
2 4 |BC02128-0043 IOUTER VESSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA276 'S
3 1 |BC-02128-0045 'WELD CAP, 24 NPS X 5CH 10 Staintess Steel 304/304L ASME SA182 et
) 1 |BC:02128-0039 |SUPPORT, HEAT SHIELD, 13 NPS X SCH 10 PI-192-010-021 |Stainless Steel 304/304L ASME SA312 5 )
5 1 |BC-02128-0043 IVACUUM VESSEL, PIPE, 24 NPS X SCH 10 PE-384-010-021 |Stainless Steel 304/304L ASME SA3L2 gl 3 'gn!
3 1 |FL384-150-001 |FLANGE, SLIP-ON RAISED FACE, 1507, 24 NPS Stainless Steel 304/304L A
7 3 73022 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L 18 B m
8 3 |BC-02128-0111 [PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG _{TU-032-065-031 |Stainless Steel 304/304L ASTM A260 | S 5=
3 2 [IB-003-001-020 [VESSEL BRACKET, CODED LABEL Stainiess Steel 304/304L AGME SAZ40 | o5
10 1 |BC-02128-1708 |LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 | Stainless Steel 304/304L JIEE O
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NOTE: Fi £3 T
E 3 o A
1. BREAK ALL SHARP EDGES AND CORNERS TO R.005. 3 m <
2. DRAWING IS FOR VACUUM VESSEL -C2. @ iog q4 &
3. MATERIAL CERTS REQUIRED ON ALL TTEMS. (DELIVER TO PROJECT ENGINEER), 8 3 nm i
4, PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. 5] m g 4 @«
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A EINT FREE CLOTH. m =z EM _.mu
5. "¢22" WELD PER EDEN SPEC BC101-001-022, LATEST REV. * m w m w u” m 0
6. PASSIVATE ALL WELDS. Baggz® z
7. MASS SPEC, PER EDEN CRYOGENICS SPEC. BC-102-070-001. M m W o m N
8. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, m z m z m. <
SECTION 13.2, it i m e
9. CERTIFIEE TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE 4 £ m ge w 0
PROJECT ENGINEER FOR THE FOLLOWING TESTS: o m H w M
9.1, MASS SPEC, PER EDEN CRYOGENICS SPEC. BC-101-070-001. gries 40
7 3 N__y 2 1
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MOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: DXFORMATION SHOWM ON TS
1. DIMENSTONS ARE [N [NCHES, CONFORMING TO ASME Y14.5-1534. XX 030 w\?&ﬁ mw‘;’m‘;‘u
ALL DEMENSIHS APM.Y AFTER FINISH, KX £.010 o =
2, DE-EIRR AHO BREAX ALL SHARP EDGES AND CORNERS TG R.015 MAX, 100X £ 005 DTG R
3 SURFACE TENTURE/FINSH 4 M ANGULAR £ 1z | MRS TR
o B445 RAUSCH DRIVE. |2 FAB 1073572000
! PEAINCITY,OMMW RO &S 100214 |SCE SEET 2 FOR REV D,
6148730090 IR MM 1Z728/2009 |31 —3 i W ST o A T0.0a B Tk Do,
A A3 | A 13/ We 180075 | L .25, 1 ExA .25, 1085 6.4 & 5,00,
GENILS e BT 00 o 000377 1 Z0% | Rev] DaTE CHANGED BY | EDR. REVIS IO DESCRIFTION
SIZE | DRAWING/PART KUMBER. ST [ RV | ar sty aous] T 1002176
B | BC-02128-5810-03 |t 2 | B WELDMENT, VACUUM VESSEL
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4 3 ¥ 2 1 '®)
PARTS LIST _C
ITEM[ITEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 4 |BC-02128-0044 |OUTER VESSEL, FEET Stainless Steel 304/304L ASME SA240 c
2 4 |BC-02128-0049 |OUTER VEGSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA376
3 1 |BC-02128-0045 [WELD CAP, 24 NPS X 5CH 10 Stainless Steel 304/304L ASME SA182 O
7 1 |BC-02128-0039 |SUPPORT, HEAT SHIELD, 12 NPS X SCH 10 PI-192-010-021 {Staintess Steel 304/304L ASME SA312 g -
5 1 |BC-02128-0043_|VACUUM VESSEL, PIPE, 24 NPS X 5CH 10 P1-384-010-021 |Stainless Steel 304/304L ASME SA312 s m o
6 1 |FL-384-150-001 |FLANGE, SLIP-ON RAISED FACE, 150%, 34 NPS Staintess Steel 304/304L 1IN
7 3 713022 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L saE B €
8 3 |BC-02128-0111 |PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG _|TU-032-065-031 | Staintess Steel 304/304L ASTM A269 g2 Sl
5 2 |LB-003-001-020 |VESSEL BRACKET, CODED LABEL Stainless Steel 304/304L ASME SA240 R -
10 1 |BC-02128-1709 |LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 | Stainiess Steel 304/304L mm S5E O
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NOTE: TR
£ 3 M A
1. BREAK ALL SHARP EDGES AND CORNERS TO R.0DS. 2 8 ﬂ
2. DRAWING IS FOR VACUUM VESSEL -03. = B n [—]
3. MATERIAL CERTS REQUIRED ON ALL ITEMS, (DELIVER TO PROJECT ENGINEER). ~ m i =
4. PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. Be £ e L
4.1, FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH. m FE m v
5. 022" WELD PER EDEN SPEC BCL01-001-022, LATEST REV. 5EEE, ﬂmn-a R
&. PASSIVATE ALL WELES. feEis 2w
7. MASS SPEC. PER EDEN CRYQGENICS SPEC. BC-101-070-001. R g o
8. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC, BC-101-052-019, m H M m W n.U
SECTION 13.2. LR &
9. CERTIFIED TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE Z m gz w =
PROZECT ENGINEER FOR THE FOLLOWING TESTS: = S £ m M - s
9.1, MASS SPEC. PER EDEN CRYGGENICS SPEC. BC-101-070-001. geitg 4o
4 3 P 2 1
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ARE IN IMCHES, TO ASHE ¥[4.5-1994.
N.LDMEPED‘& APPLY AFTER FINISH,

2. DE-BURR ANO BREAK ALL SHARP EDGES ANO CORNERS TO 015 KX,  XJXOX £.005

3. SURFACE TEXTURESFINISH 64 RMS

TOLERANCES:
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4 3 ¥ 2 1 MML
PARTS LIST -
TTEM|ITEM (JTY| PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL n“.ww S
1 1 BC-02128-5820 [WELDMENT, LAR PRESSURE VESSEL Welded Stainless Steel 304/3041. »
2 9 FA-008-812-006 [HEX NUT - INCH 1/2 - 13 UNC Stainless Steel 304/304L ASTM A194 GR 8 R |
3 3 BC-02128-0123 |ROD, ALL THREAD, 1/2-13 UNC X 18 LG 91187A548 Stainless Steel 304/304L ASTM A193 GR BS M,wﬂ
4 1 BC-02128-5510 |ASSEMBLY, HEAT SHIELDS, TOP m =
5 1 BC-02128-0040 |QUTER VESSEL, TOP FLANGE F1.-384-150-005 |viton m WHE
6 3 BC-02128-0111 |PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG | TU-032-065-031 |Stainless Steel 304/304L ASTM A269 W W“E.E
7 3 713022 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L cSc..“ h,iJ.
8 1 BC-02128-5875 |WELDMENT, PARALLEL PLATE RELIEF, BOTTOM Welded Staintess Steel 304/304L =3
PLATE - S
3 3 |BC02128-G121 |EYEBOLT, 3/8-16 UNC, 13004 33045781 Stainless Steel 304 58|
18 1 BC-02128-5840 [ASSEMBLY, CRYOGENIC CUTLET Welded Stainless Steel 304/304L m m oSN
11 1 BC-02128-5860 [ASSEMBLY, REGENERATION GAS INLET Welded Stainless Steel 304/304L 3
12 1 BC-02128-5830 |ASSEMBLY, CRYOGENIC INLET Welded Stainless Steel 304/304L wmr
i3 1 BC-02128-5850 |ASSEMBLY, REGENERATION GAS OUTLET Welded Stainless Steel 304/304L =
oy
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NOTE: e wn [A
F] n 0
1. BREAK ALL SHARP EDGES AND CORNERS O R.005. g ; b3
2. DRAWING IS FOR PRESSURE VESSELS -03, -02 & -03. g m 2 e ’
3. MATERIAL CFRTS REQUIRED ON ALL TTEMS. (DELIVER TO PROJECT ENGINEER). Bis] lae K
4. PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-D10 SECTIONS 11.0, 5 m ig, -nd 5 v
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL 8 A LINT FREE CLOTH, Eipis s e
5, "022" WELD PER EDEN SPEC BC101-0G1-022, LATEST REV. g g3 -3
6. RADIOGRAPHICALLY INSPECT 5% OF SUTT WELDS PER ANSI B3L.3. 5313 m i
7. PERFORM MASS SPECTOMETER LEAK TEST (REF. BCL01-050-010 SECTYON 5.6.1). i H E &
B. PRESSURE TEST PER EDEN SPEC BC101-50-010 SECTION 5.6; DESIGN PRESSURE 150 PSIG, zgese :
TEST PRESSURE 188 PSIG. FEEEE:
9. FORWARD COPY GF TEST REPORT TO PROJECT ENGINEER, SEIL £ e
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MOTES: (UNLESS OTHERWISE SPECIFIED} TOLERANCES: THFCRKATION SHOWN ON THE
1. DIMEHSIONS ARE I THCHES, COMFORMING T0 ASHE Y¥14,5-1%H, XX .03 wﬁ%‘;&)ﬁmrﬁ? [y
ALL DEHENSTONS APPLY AFTER FISH, XXX +.010 L Mo T
2. D€-BURR AND BREAK ALL SHARP EDGES AR CORNERS TO A0S Max, X.J0OX 1,005 TRAKSHLTTED 10 OTHERS ot
3, SURFACE TEXTURE/FIMSH 64 RHS ANGULAR - 1| MY LT vl
T $445 RAUSCH DRIVE {000_HAB 1o/1q2008
PLAIN CITY, OH 43064 |CHER: 18 12/28/2009 [ I W5 05557 TADDED SEET 3 - WELOWAF,
BI4.873.3940  [ENGR MM 12/26/2009 |11 Sarme AR [T-Fi36 ] 7 ADDED SUPPORTS MO WELD CALLOUT.
Ll A2 A 2301 Mag H10-0038 L1, 56, WAS 75 FROM BOT IOM OF 3 NP FIPE,
AAENIGH e -‘T—u.m 090177 e ARy i PETTTRITER . PRSI EFRARTION
SIZE | CRAWING/PART NUMBER SHEET REV nmé-ufza.rzoos TE BC‘UZiZB
B | BC-02128-5820-01 |13 | B [ WELDMENT, LAR PRESSURE VESSEL

> ' Informaﬂon Copy
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4 3 ¥ 1 A u
PARTS LIST )
ITEM|ITEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER! PC NO. HEAT NO. MATERIAL w n
1 2 |BC-02128-0050 |WELD CAP, 1 NFS X SCH 10 BC-3276 | 0181 |Stminless Steel 30473041 ASME SALED 5
2 2 [BC-02128-0059 |FIPE, § NPS X 5CH 10X 15 10 P1-036-010-021 | BC-3276 | 829979 | Stainless Steel 304/504L ASME A2 = O
3 2 BC-02128-0053 | WeLD CAP, 12 NPS X SCH 10 BC-3276 BBO70055 |Staintess Steel 304/304L ASTM A403 m -
4 1 |BCO2128-0057 |INNER VESSEL, GKN SINTERED METAL DISC SIKA A 30 BC-3273 | A317725_10 | ALST 3t6L i ll__ 1
5 1 BC-02128-0052 | PRESSURE VESSEL, PIPE, 12 NPS X SCH 10 PI-192-010-021 | BC-3276 280463 Stainless Stesl 304/304L ASME SA312 m %
] 3 BC-02128-0055 |THERMOWELL T700-P-6 BC-3283 3C730 Stainless Steel 304/304L E{IS a
7 1 BC-02128-0058 |INNER VESSEL, GKIV SINTERED METAL DISC SIKA -R 30 BC-3279 | A317725_ 20 | AISI 316L m m o
8 1 [LBD03-0GI-020 | VESSEL BRACKET, CODED LABEL BC-3453 | 5LVS | Stainiess Stasl 304/304L ASME 5AZ40 |8l 82 = m
] z BC-02128-0056 THERMOWELL T7G0-P4 BC-3283 3C730 Sfainless Steel 304/304L M m M m
10 3 BC-02128-0124 BRACKET, HANGING SUPPORT BC-3175 231105 Stainless Steal 30473041 ASTM A240 j m mm " % r
11 1 BC-02128-0051 |INNER VESSEL, PIPE, 3NPSXSCH 10X 11 1/2 LG {PI-048-010-021 | BC-3276 391025 Stainless Steel 304/3041. ASME S5A317 M m M m. B 0
12 H BC-02128-0054 |WELD CAP, 3 NPS X SCH 10 BC-3276 139308 Stainless Steel 304/304L ASTM A403 m a m = m %
3 2 [BC-02128-0075 |SUPPORT, SINTERED METAL, 174 X 1 X 111G BC-3427 | 156654/ |Stainfess Steel 304/304L ASME SA479 SEEEE 1S = b
253208 43 mm Sles m
14 1 BC-02128-1701 |ILABEL, CODED VESSEL LB-(03-006-001 Stainless Steel 30473041 m W m m m ml e
L
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NOTE: it i
. > B 2 2ax
B m .,w.m k=3 z
%
L. BREAK ALL SHARP EDGES AND CORNERS TO R.005. p

2. VESSEL TO BE BUILT T BOILER & PRESSURE CODE ASME SECTION VIIT DIVISICN 1.

3. MATERTAL CERTS REQUIRED ON ALL ITEMS,

{DELIVER TO PROJECT ENGINEER).

4. FRE-CLEAN ALL SURFACES PRIOR TQ FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11,0.

4.1. FINAL QL EANING SHALL BE PERFORM|

5, "¢22" WELD PER EDEN SPEC BC101-001-022, LATEST REV.

6. PASSIVATE ALL WELDS.

7. DESIGN PRESSURE 150 PSIG, PNEUMATIC TEST PRESSURE 165 PSIG.
8. MASS SPEC, PER EDEN CRYOGENICS SPEC. BC-101-070-G01.

9. INSPECT INNER SURFACES WITH ULTRA VIOLET

SECTION 13.2.

10. CERTIFIED TEST REPORTS AND TEST RECORDY/

PROJECT ENGINEER FOR THE FOLLOWING TESTS:
10.1. MASS SPEC. PER EDEN CRYQGENICS SPEC, BC-101-070-001.
11. ATTACH LABEL BC-02128-1701 AFTER A.I. INSPECTION.

ED USING ETHY1. ALCOHOL & A LINT FREE CLOTH.

LIGHT PER EDEN SPEC, BC-101-052-010,

DATA SHEETS SHALL BE PROVIDED TO THE

L. DIMENSIONS ARE TH IHCHES, DONFOAMING TO ASME Y¥14.5-1994.

NOTES: (LNUESS OTHERWISE SPECIFIED)
ALL DEMENSIONS AFPLY AFVER FIKISH .

2. DE-BLRR AN BREAK AL SHARP EDGES AN CORPERS TO R.015 MAX, XK £.005

3. SURFACE TENTURE/FINISH 64 A4S

B | BC-02128-5820-01 | 203

SIZE | DRAWING)PART NUMBER

4
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HOTES: (LNLESS OTHERWISE SPECTFIED) 3 THFORMAA TTOM 51
1. GIMOVEIONS ARE IM THCHES, QOMFORMING TD ASME Y14.5-1994, :.;(Iﬂffgg Dﬂ%%&ﬂ%&&}}
ALL DIMENSIONS APPLY AFTER FINISH, XXX £.010 CREGICS, LLE ATH1S WG TO| -
2. DE-BURA AND BREAX ALL SHARP EDGES AHD CORNERS TO R.DIS MaX,  X.XOXC 005 ’mﬁ%%fﬁﬁm
;‘mmmmuw ANGULAR & 1F “mué’ﬁm
8445 RAUSCH DREVE {0 MAB 10/14/2000
PLAIN CITY, OH 43064 [OR: 1M 1372672005
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oF B var e WELDMENT, 1AR PRESSURF VFSSFi

” * Infofmation Copy

.X3.10.18.120.L 424




4 3 ¥ 1 nrhw
PARTS LIST
I[TEM|ITEM QTY | PART NUMBER DESCRIFTION STOCK NUMBER| PC NO. HEAT NO. MATERIAL & n
1 2 BC-02128-0050 {WELD CAP, 1 NPS X SCH 10 BC-3276 0181 Stainless Steel 304/3041 ASME SA182 | 0
2 2 BC-02128-0059 {PIPE, 1 NPS X SCH 19 X 15 LG PE-D16-G10-021 § BC-3276 829579 Stainless Steel 304/304L ASME SA312 M
3 2 |BC-G2128-0053 |WELD CAP, 12 NPS X SCH 10 BC-3276 | BBOYOOSS {Stainless Steel 304/304L ASTM A403 - .I_ ’
4 1 BC-02128-0057 [INNER VESSEL, GKN SINTERED METAL DISC SIKA -R 30 BC-3279 1 A317725_10 | AISE 316
5 1 BC-02128-0052 | PRESSURE VESSEL, PIPE, 12 NPS X SCH 10 PI-192-010-021 [ BC-3276 280463 Stainless Steed 304/3041. ASME SA312 m % a
) 3 BC-02128-0055 | THERMOWELL T700-P-6 BC-3283 3730 Stainfess Steel 304/304L m m
7 1 BC-02128-0058 |INNER VESSEL, GKN SINTERED METAL DISC SIKA -R 30 BC-3279 | A317725_20 |AISI 3160 m % o m
8 1 LB-003-001-020 |VESSEL BRACKET, CODED LABEL BC-3453 5LV5 Stainless Steel 304/304L ASME SAZ40 A Bl ﬁ
9 2 [BC-02128-0056 |THERMOWELL T700-P<4 BC-3283]  3¢730  |Stainless Stee! 304/304L m | m o L -
10 3 BC-02128-0124 | BRACKET, HANGING SUPPORT BC-3175 231105 Stainless Steel 304/304L ASTM A240) m m m m " w 0
11 1 BC-02128-0051 [INNER VESSEL, PIPE, 3 NPS X SCH 10X 11 1/2 LG |PI-04B-010-021 | BC-3276 391025 Stainless Steef 304/3041 ASME SA312 u M w m A B
12 1 BC-02128-0054 |WELD CAP, 3 NPS X SCH 10 BC-3276 139308 Stainless Steel 304/304L ASTM A403 m m m = m m f
i3 2 BC-02128-0075 {SUPPORT, SINTERED METAL, 1/4 X 1 X 11 LG BC-3427 156654/ Stainless Steel 304/304L ASME SA479 = m i m nn”.. ” n
252208 bElSlss 2=
2B E =3 [ e—
14 1 BC-02128-1702 LABEL, CODED VESSEL LBG03-000-008 Stainless Steel 30473041 m W w W m.v
i
o [l |+ =
el =
R | 2
mwwwwm
213|158 |
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olulolei<[z
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PrETYTRE R @
iAo 8
mmmmmmmmmm 93|z
sefactfEC10f) [2 2
N
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jEzg” m IR :
NOTE: sieslEce .
. 388 gs iy
1. BREAK ALL SHARP EDGES AND CORNERS TO R.005. L ETF
2. VESSEL TO BE BUILT TO BOILER & PRESSURE CODE ASME SECTION VATI DIVISION I, Bz M A
3. MATERIAL CERTS REQUIRED ON ALL FTEMS. (DELIVER TO PROJECT ENGINEER). 58 ¥
4. PRE-CLEAN ALL SURFACES PRIGR TO FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. 7 g n b
4.1, FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH, i B 0
5. "¢:22" WELD PER EDEN SPEC BC101-00¢-022, LATEST REV. gy 3 e trd
6. PASSIVATE ALL WELDS, 2 w g _un = 00 |
7. DESIGN PRESSURE 150 PSIG, PNEUMATIC TEST PRESSURE 165 PSIG. niEcy cod EN
8. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001. gqf iz Zvd
9. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, & m i3 g
SECTION 13.2, Ezij e
10. CERTIFIED TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE S g H W
PROJECT ENGINEER FOR THE FOLLOWING TESTS: 2 iz § 2
10.1. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001. geis £ "
11, ATFACH LABEL BC-02128-1702 AFTER A.L INSPECTION. m R e
4 3 Aw 1
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