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Cryvogenic Consultants, Inc.
Attn: P. C. Vandeyr Arend
1176 N, Irving Street
Allentown, PA 18103

SUBJECT: Subcontract No. §C-94362

Task Order #2 R-1

Dear Mr. Vander Arend:

This is the initilal detailed Scope of Work
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12/19/85

CCI, ODH STUDY FOR E-706

Order No. 1

Ny

LA

Calculate <the relief capacity required to meet ASME
and CGA S-1.3 fire condition reguirements, Details
of the insulation will be provided.

Calculate the relief capacity avallable with the
existing relief devices including a consideration of
relief system piping. The vent piping is to be run
80 that at no location rouiinely accessible Lo
personnel does the partial pressure of oxygen fall
below 135mm Hg.

ir the present relief devices are marginal or
adequate to satisfy 1., cvalculate what devices and
piping sizes are necessary. Conslider WO

a) increasing the size of one of the existing
relliel devices.
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NORTH CAROLINA FOAM INDUSTRIES, INC.
P, 0. BOX 1828 ¢ MOUNT AIRY, B. €.

o

11184

ANOTHER NCEI QUALITY SPRAY URETHANE FOA

ITH
DOUBLE INSULATING EFFICIENCY

SELF-ADHERING, SEAMLE

NCFI SPRAY FOAM SYSTEI

is @ two part system that has been deslgned tof good yield of
ng between studs In wall construction. It 1s pumpsed on a1

NOCE| Spray System 3
chemicals per R value for sprayl
1o 1 ratlo by volume.

Typlcal Physical Properties of toam made w
Core Density
soisture Yapor Transmission

lth NCF1 Spray System ac3-82"
1.7 Ibs. per cubic fool

2.3 pern in

&k Fagtor
As with all insulating malerials,
the & Factor will vary with age
sng use condiiions.
Compressive Strenglh 20 psi
Max. Service Temp. -
adhesion)

Result of ASTM B84 N fintshed foam applied 10 asbesins cement Doarg:

yse refer 1o HOF AEIHZ Ap-

 afe BVerage values antpred WO




EQUIPMENT AND CO {POMENT

Required 18 stangard airiess yrethane apray
equipment. NCFEl 363-R 1s connecied to the
resin DUMPS wlih NCF1 363-A belng connecied
1o the lsocyanate pumps. The proporiioning
puUmp ratio is 1 10 1, Gusmer preheaier
jemperaiure should be 120°F. Hos®
temperalure should be @p@mxﬁmm@@y 100°F 1o
give good paitermn. ggquipment which operaies
at higher pressures will require siightly lower
{emperature settings.

ST £ OF CHEMICALS:

Keep semperaiure of m@mm%@@ above 85°F for
several days pefore use. Cold chemicals can
cause puUmp seavitation”, preiong incorrest
mgtering. Storage termparaiure should not ex-
_sed 100°F. DO not store In direct sunlight.

Keep Grums tightly closed when not in use and
ynoer oty gas prassure of 2-3 psl after they have« |
heen opened. shetf life of 296382 15 6 months.

SAFE HANDLING OF LIQUID COMPONENTS:

1tse caution in rernoving bungs frofm s5.galion
fAngn. LDosen a4 pung and 8l pas @STARTR
netore complelely Cit

nreathing of vapOs
1met with eyes,
sinules and gt o
information refer 0
and Use oOf |

!

TION OF SURFACE 70 BE SPRAYED:

PREP

All surtaces 1o bé gprayed should be dry and
tree of dew OFf trosi. All metal 10 which foam 18
1o be applied mus! be free of olt, grease, 81C.

OPTIMUM ADHESION TEMPERATURE OF
SURFACE TO BE SPRAYED:

in general work where the surface to be
sprayed will remain al ambient jemperature Of
ecooler; the syrface can be petween 50°F and
120°F. When finished toam will have & Service
temperature In the range of 120°E-180°F (ol
snd resin tanks) the surlace to be sprayed
should be 120°F or 8DOVe al the time of spray-
Ing. For temperature ovel 180 °F please contact
NCEI for special secommendalions.

PREDICTION OF FIRE HAZARD IN
CONSTRUCTION:

Where foam s sprayed ovel latpe areas of
puilding Interiors, its exposed surtace should
be protected syom fire hazard by 4§27 portiand
comeni plasier ©F 4127 QypsuTh noard  OF
eguivalent. Eor the prediction of fire hazard in
construciion, sater 1o NFPA NO. 205M4-T “Guide
for Plastics Construction.”

1o pobers TGl
with raepect W 1he faienat OF

PR



YTEX 4119A I8 & fire resisiant
plastic insulation and

golids snd
limits moisture transfer and absorption of moisture 1o N
relatively %mwth surisce free from excessive 18XLIE. ETA

PHYSICAL DATA

nee Characieristics
STAYTEX €118A in & minimum thickness of 1718 inch ap B m@m
plastic insulation has bean succassiully tested by 8n aceredited i
Isboratory in sccordance with the full seale fire 1881 P
PICC-401: March, 1980 published by The ety of the Plastics ind :
procedure is being sccepted by building pificials and W@@Wm@mm as BN
acceptable diversified 1est 8 Hfically authorized snd permitted by the el
builtding codes in the United Syated for accepiable instaliation of foam plasiic gmw%@@zm
materials. This full scale fire test procedurs af arl pecaptance erileria @mmw@% whe Tire
resigiant costing o protect the foam plastic insulation snd mm@@m fire g@ it m@; m@

¢ rity of 2 thirty pound

Fire

ﬁmw %&f{@ A CRE
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(216) 696~
Plont (216) 961-8093

My, Hilliam Riches

Fermi National Accelerator Laboratory
p.0. Box 500

Mail Station 119

Batavia, 1 60510

Dear My Riches:

1n regard to Ouf gelephone conversation regarding the use of our Staytex
4119A thermal barrier for fire protecting polyurerhane foam insulation L0 be
spray applied to your vank, we provide the following information which we be-
1ieve justifies and substantistes the use of ouT product over seven inches

of gﬁiyﬁfézh@n@ foam being proposed:

-

. Qur product 85 well ms other fire parriers such 85 gypsum wall
board and. other fire wesistant coatrings will protect the substrale
regardless of thickness of the substrale. 1n othher words, the

actual fire resistant performance of a fire barrier is not dependent
upon the rhickness of the substrate OVel which the fire parrier is
applied.

7, Building codes vary theis cequirements for fire parriers and other

protective pmeasures assuming LH8% the foam insulation could be used

ip very large fquan 3 . pn walls and ceilings of sueh buildings and
since foam ipsulation in euch buildings 18 usually used at & one and
rwo ioch thickness, VeI gl instaliations pither than coolers and
frepzers utilize chicknesses greater than two inches. in your particular
ipstance, €VER though SEven inches of foem 15 pelng proposed , your
rpral @moanl pf foam ipsylation psed is guite mipol © sred To hun-
greds of rhousands of sguare feey of fosm BL 8 one and Vo inch
shickness, and somerimes foul saches that 1S rypically ipstalied.

3. The -search Report %o- 8156 has mo limitatios oF fosm thickness
¢ which pur STayLex sarerial can be applied. The SBCCI Repoft Ho.
: ndirates that STAYLEX hall not be ipstalled on

= in Thi = - as provided for in
gajor 3 +allations
are the

] re COVETITE ranks G0 BOT acTually exist 4n buil
so this four inch jigirarion fof major building gees is reslly mol

spplicable TC yout @artiﬁmiaf e TOUERSTANCE




4. Although these puilding code approvals and our insurance approvels
authorize the use of our Staytex at 1/16 of an inch, you can give
yourself @ 1007 safety fsctor by specifying Sgaytex 8t 1/8 of an

ipch since our fire resistance is directly pf@p@fti@ﬂ&l to thicknesse.

ents and enclosed information should give you comfort
1 barrier is suitable for ipstallation over the seven
pam on your tank, particularly if you specify 1/8 inch
you that extrs 1007 margin of safety.

We believe our €
that our Staytex therma
inches of polyurethane £
thickness therefore giving

ow if you have any additional questions. We are sending
1 to Professor Slattery who called us todsy
n due to your time table for this project.

Please let us kn
a copy of this jetger overnight mai
asking that we expedite this informatio

Cordially,
MB&RR;KR SYSTEMS, INC.

e

'/ j@hﬁ 4. gi&hl
President

JAS/rld

Sond

Taclosure:

e Professor Paul Slattery
Department of Physics
University of Rochester




Oticisls and Cooe Sdeninielraionts iernationsl, G

E Eopryrigiil 1983, Bullgng




V pUCT: E%%Umﬂ@% TEST RESULTS

i. Fire tests, project No. M-2311.2, Report No. 3 daied
dated 619183, weit prepared Bt

s Name: Stayler 4119A
19/30/80 and Ho. 4
tHerron C@mmﬂm fme. The e2t8 conducied @
b { Room Fure Test s g6

A 8pTRY 8%

ight of .35 pounds per square foot
. 7° thick Upjoha Cowr

insulation.
4 wps 15

ﬁm@ymz 41194 is 8 costing des
foam insulanion §mm

Senytex 4119A S fmmmm inds
%@ g&ﬁ@m and id b

e i



B nsr

REPORT OF THE COMMITTEE ON
RESEARCH AND COMPLIANCE
ON

e

'SUBMITTED BY:
STAHL INDUSTRIES, INC,
NINTH FLOOR DOLLAR BARK BUILDING
YOUNGSTONN, OHI 0 bus03

EFFECTIVE DATE

REPORT NO.
9-1-81

8174




Vg cOMMITTEE OX RESTARCH A COMPLIANCE REVIEWED TRE Do.. b SuBHM1TTED FOR COM-
1. 1ANCE wiTH THE §TANDARD BUILDING CODE AND guBHiTS T0 THE pUILDING OFF1CIAL OR
UTHORITY WAVING QQRESDZ§TXQ§ THE FOLLOWING REPORT.

Sgaytex 431194 - fgnitdon and Thermsal parvier for Fire Protecting foa®
Plastic ipsulation ? garials.

eYenet gy Hethods, 1nc.
1367 flmwood Ave.
Cranstofi, RI 026:0

?ias=Ch Coating®
E@gi@w?i@h@f Industries, ine.
£300 Bartmel i1pdustrial bz
g, Louls, o £3130

., Ao BT § Som, inte Woolley & &
7. O, 1 1408 6865 ¥
£3118buUTT . we 28166 Ariantsé, Georgia 30340
2y LB 1gowall Corporation %/C {psulation Supply Ince.
BOS5S productiod Avenue 1101 Guinotte Avenue
Tlorence, & 41062 ganses CILT. wo 64120
xi. PERFORMANCE oF PRODUCT soR WHICE FYALUATION s REQUESTED

Five performance ns & ghermal paryier OVEI {pan plastic insulation {n secoté-

anee with aiversified resring $§@wi§iw@ﬁ of Section 737

Wo,11.  USES
" Seahl Tndustries shermal barried product 15 used as thermal harrier over
conbustible rigid fosm plastics

iv. DESCRIPIION

431394 48 & HpTEY spplied cparing that
plastics. The pTOOUEE 45 spplied in 3
- fpgm to LOTR & pazrier That funetions TR
d prevent gize groveh 4n 8 fire naving the

fel sovroe in 89 enclosed TOOB for 15 minutes.

1 pf 75 oy less
RECTTABDOR wigh




Vi

vil.

viil.

.

Sﬁ@STAﬁTX&TI%G DAY A

1. ”%ﬁﬁ@f&@i&f@feg descgiptive jigerature and application ipgprructionsd.
7. Test report 0D inspection of Fire Regdsrance Coaring in gecordance with
the Small fnclesed Room Fire Test. prepared by Herron Consultants, ine.,
project Mo- #-2311.2, Tepori BE. 3, dated December 30, 1980, gigned by

Jop B. Peterson, ?. E.

- 70 THE ST ARD BUILDING COEE = 1979 Edition - 1981 Amendments

gecrion 103.6 AlreTnate Magerials & Algernate HMethods of Censtructdon
ceepdon 704 Restricriocns 60 ingerior Use of Combustible Marerisls
Cection 737 Foam Plastics

COMMITTIEE RECOY DATIONS

The | sree OD gesearch and C plisnce 1 review of the dats gubmitred
¢ipds that, 1B sheir opinion, Seahl ipdustries’ Staytex 41194 thermsl barrier
conforms vieh ot is & gulzable alrernste o that specified in the grandard
Bfuilding Code ©F Supplements theTetd.

Comn cnds that Stabl Ipduscries’ OSTaYLEXR 4119A thermal harvier
pe sccepted bY ¢he building official ot other suthority baving jurisdiction

‘ pg@wié@ﬁ she copditions Bet foreh ip this report and iv the Standard Codes

are observed and the product 18 ipsralled in complisnce with the reguirements
herein and 1D accordance with the %&ﬁﬁf@@i@?@?g§ §?@@i§i&&ﬁi®ﬁ§@

LIMITATIONS

. BrayLex 41184 shall 2ot pe ipstalled oD foss plastic paving 4 £1 gmesprest
grestey than 19 BY & smOke developed raving gresterl than 450 when rested
in aoeordance with ASTH EBA.

9,  Seaycex 41194 shall be installed 4y 2 minimm thickness of 1/16 dnch.

%, Srayrex 41194 shall ©ot be ipstalled oD fngms excending 4% im thickness
geept #% ?ﬁ%ﬁﬁ@@ﬁ £pr in Sectivo 999,206

shall pot be A4lwred iv AECHTLRDLE wivh The %%@Qﬁ@ﬁﬁ%ﬁ@iaﬁ

%

5. ©mly explesion proof eguipment shall be used and SraviEx 41184 shall
pot be stored OT soplied when sourees of ignirise aTe BTESEBT-
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aa 3 SiNies e w0 b PRI
2a04NETH ol gnd tasp OO0 20240

iaflest® Servic@

r . Joha &eeﬁaghl
geahl induetried, ine.
ginth Floot polist Bank Bldg.
uRE et oW , on 44503 . .

Beat Mo Seahds

@

ok you for yout pec esber 4, 1981, jegter sboul & wall end eefliing
ing -

. e

Your Staytex 41194 {9 ehemfcelly sceeptable 88 8 coating for
application O grructural surfaces ©F gutfaces where there is @
sossibility of (neidental contact with seat ot powlif®y food produect

prepared under Federal {mspection.

Application of thie eosting gust be im secordance with ehe standard
$or eguipnent desipgn and construet fon provided in the publication
*pecepted-Heat and Poultry E@@ﬁ@@%ﬁigﬁ MPI=2. This scceplinte ie

- wslid as long as the eomposition and use cemsin as described to ubo
%o endorsesent of the zaterisl er of any concositant clains is

~ded.

@

Sipesrely,

SR,
) UL
e

td D. DeTT, Ehiel
product Selely Branch

Fe Ingredient Assesssent Divigien
Seience

eies Eduatds
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A STORAGE

protect stored nsulation from watef gamage and other abuse Caripns are not
gesigned tor outsige storage. vacuum @ac’ma@e@ matenal can be stored ouisidie i
care 1§ {@ken not 10 punciure the nnef polybad. The puler sleeve wall Dreak it 1l
pecomes wel.

B pREPARATION

Apply msulation only on clean. dry suraces Metal ducts must DE seated pelore
apphcalion Prescore ngid insulation Board where necessary 10 gontorm 10 curved
syriaces

C APPLICATION

1 General

All insutation oints must be hrmiy putied Insutation can be secured with
agheswe, mechamcal {asteners, of panded. MrumsTm COMpIEssn 15 1o e used
10 assure fim it and still maintan thermal pertormance.

Vapor Darners should overlap a eururrurn Of 2 {508 cm) at all seams. ang De
sealed wnth anpropnate OrRsSUle sensitive 18De o mashc Fasiensls zhall De
ncated a mawrnurm of 37 (7.62 cm) trom each edge and spaced no greater thad
127 (30 48 e} on center

Where vapor DAre! periprmance 15 necessary. all penetralions and facing 0BMa0E
ghall De repaired wilh tapes of masht win @ MUTRimas 2° (508 cm} overlap 1aDes
encault DB apphed usng 4 seatng 100! ang Moving pressure. LSe on ducts, plen
yms, vessels, (anks and prapment pperating &l temperalures of 450°F (232°C) ot

eas.

Lstics (ory) snould have 2 U ratng of 25 llame eprear, 50 8MOKE

Use 3. . cubic oot (48 kgt insutation Board in concealed areas
Lse 8.0 pounds per culnl oot (80 e} ingulaton Board M pxnOsR0 ATeas
insulanon Doard not pesignet 10 DE exposed 10 e gt ez ARRE

5. yessels, Tanks 2l Erpaprmert

Tew wrgutal syrtaces. use 1 £ pount DET cutne foot (26 ko) nsulaton B3
and pang et TrRrRITRIT eompression.

For RADDOY anpECABIN. smsutanon Board et e covered wath BDDIODREtE AEKET
ing, TSt O othes vapor Darmet A exposed syrtaces must D2 mroteted.

Aoply BCREWITS. rrmsnes ant oinet yaner Darmers i BCEOrnance with mamia-




Produet
Data Sheet

Description

Applications

Benefits
ang FPeatures

Insulation Board 1s a thermal and acoustical insulation product made trom
norganic glass fibers preformed nto boards ponged by a thermosetiing resin.
The board 1s avalable plan, with a factory apphed foil-skrim-krafl (FSK) or with a
taciory apphed all service jacket (ASJ).

insulation Board 1s a versatile product designed 10 be used on heating and
air conciioning gucts. power and process equipment, boiler and stack installa-
tons angd for all apphcations where insulaling or acousucal ethciency 15 required

ENERGY CONSERVATION. - - " Insulaton Boarg has excelient thermal efh-
crency which resulls in lower pperating costs

LOW COST INSTALLATION. = "~ Insulaion Board 15 hghtweight, easy 1o handie
and fabrncate resuling in gricker, lower Cost field installation and lower apphed
COsts

NOJISE REDUCTION. Excellent acoustical properies effectively reduce sound
Iransmssion.

APPEARANCE. Both the FBK and AS.) vapor barner facings provide a neal
fimished appearance.

N
€
- ” 3
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TNt gt 3 ;
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$ g1t 1
- !';_ ,%L%H
R QUL
};:' x Y
v 45
P A

S AR
¥

T



-hnlcel Date

SURFACE BURNING CHARACTERISTICS - insutation Board (UL Classthed)

meets the requirements of NFPA-G0A and NFPA.QOB When lested n

accorgance wih ASTM E-84 and UL 723 as plan insulaton of on a composite

pasts (nsutation, tacing and adnesve) - insulanon Board does not exceed
25 Flame spread

50 Smoke developed

TEMPERATURE RANGE - insulation Board may D€ used at operating
fermperatures from - 20PF 10 = 450°F (- 2 C 1o +232°C)

THERMAL EFFICIENCY (ASTM C-177)

ey
o
40 + 057 9 g
%
> &8
S35 050 3 ©
@ fb @
Qe ® 3
DU T G
€ o &
6 £ 30 4043 e T
“e X e
@ o
£ = g -
5m 25 036 2 %éj
T 32
,f/h ’ s o . ? & Q?@ C’%
: i?f’f:’ ARG . e
T TEME
» Apo o | |
L 0 50 o iso 200 . 250 300(F)
Va ~1B 10 38 £6 93 121 148 °C)
/ 7 Mean Temperature
VAPOR TRANSMISSION RATE Botn FSK and A5 vapor barners have a

T VR DO fransresson 1ate o [7 perms
BEACH pUNCTURE RE SISTANCE. The PG facing has 8 beach DUNCILITE TE515-
ance of 25 units The AS) tacing has a resstance ot 50 urvls

CORROSIVITY. X2 insutanon Boarg will nol Cause corrosion of alurminum. stee!
of coppetr and passes MIL 242448 for eherracal and SUess COTOSION.
MOISTURE ABS ORPTION. Less than 1% mosiure absorplion by yolrme when
pxposed 10 817 8l 120°F (a9°C) and o5%, relaive purtucity tor B0 Nouts
SHRINKAGE. <78 7 insulanon Boam exhiDils jess than 0.3% Bnear SrnTEa0Ee
when tesied m accordance wtn ASTM C-356.

ACDUSTICAL EEFICIENTY - ¢ inmiation Boar when sesier N ACCOIOANCE
with ASTM £-423 (No. © mounting) nas he olowing etheencies.

SOUND ABSORPTION COEFFICIENTS. Fretuency iz

| 16PCF | 3 PCF ‘g 6 PLF %
' (26 kgin) | (48 kg'm?) {96 kg ™) %
Hz i 7 - ( . 1
t 1 e { 1 ¢ |
§ | (5.08 ) | [2.54 cm) {2.5¢ o) ’g
! | Plan §@@zni$§x%m§@gﬁaﬂ§%ﬁ§m¢§
P oaes | Z1 | =28 | 42 1 #1 a1 | & 470 g
{ : 3 i } — o i .
o2 | T2 1 A48 | 51 1% A8 | 36 1 42 i
i oso0 | =6 | &1 | & 1 T e | 48 | ‘
| 1000 “o: | BC | B8 | 7B o5 | 48 | 4B |
| 2000 1 108 | Bs | 52 5, 100 | 55 | 42 |
| 4000 e . eBg | .8 08 o | 28 1 18 |
S oz, -c | 65 | 80 75| 45 | 4D |
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for use in low velocity flow (such as Darcy and Weymouth) were not particularly

2-0175-128

During the study of resonant phenemena in pilot operated safefy relief valves
described in AGCO Report 2=0175-51, pressure differentials between the
reservoir and valve inlet for different riser lengths were measured. Attempts to

correlate these measured numbers with those predicted by equations intended
successful,

Additionally, we at Anderson, Greenwood have for years been interested in
obtaining o method of calculating the pressure existent ot any point in discharge
headers (tailpipes) or if the header has zero length, safety valve outlets, The
problem has not been in obtaining a theoretical method but rather a theoretical

method which gives good correlation with test results and is easily used,

We contacted Dr. Allan J. Chapman of the Rice University for assistance. The
method recommended by Dr. Chapman for pressures which produces nozzle
choking involves the use of Fanno Lines and is presented here for the use of the
Engineer who must install Relief Valves, who desires to obfain satisfactory
performance from these valves, and who, like the writer, has been away from

school long enough to realize that he requires assistance, The opproach is

pratical and these interested in theory are referred to Dr, Chapmons excellent 1

book "Introductery Gas Dynamics' or any of the many other available texts, g

For subsonic Flow, a method is presented in Paragraph 5.0 which, while ex=

tremely simple, gives excellent results,

Fonkt 128
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2.0

NOMENCLATURE

2=0175-128

Le = Total Equivalent Length of Pipe (ft)
Mc = Local Mach No. (dimensionless)
Q) = Mass Flow Rate (1b/hr)
Pq = Pressure Into Which The Jet Is Discharging (psia)
dy = Nozzle (nside Digm@?ér (inches)
T, = Temperature (° Rénkiﬁ@)
k = Ratio of Specific Heats EE; (dimensionless)
Cy
M = Molecular Weight of Lading Fluid = 28.964 x G
p = Pressure (psia)
L = Equivalent Length of Pipe (inches)
G = Specific Gravity of Lading Fluid (d%mmfﬁcm%@gs}
D = Pipe Diameter (f1)
d = Pipe Diometer {éﬁ‘}‘ ‘1
An = Area Valve Mozzle (in.sq.) t\
Kq = Coefficient of Discharge of Valve (c%%me:mg‘i@M@gs}{?’%@?ﬁ:: Does not 1\
contain .9 multiplier required by Winter, 1963 Addenda, Section Wil i
ASME Code). %
¢ = Constont for Gas or Vapor (ASME Vil Figure UA230) a
Prlow = Valve Inlet Stagnation Flowing pressure, Normally Set Pressure =
Orverpressure -« 14,7 (psia)
K = Friction Length Parameter ( %ﬁ ) l',\
¢ = Moody Friction Factor for Turbulent Flow ina Fipe (dimensionless) \
Q, = Valve Capocity (scfm)

m%wm——a@{}

Stagnation State (where velocity is zero)
Entrance of Inlet Pipe

. Nozzle Exit

Valve Exit

Exit of Inlet Pipe (or inlet of safety valve) \
1
l
Discharge Header Exit ‘l
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SUPERSCRIPTS

* Point of Choking in Adiabatic Flow (M = 1.0)

DEFINITIONS

Adiabatic -  Without Loss or Gain of Heat.

[sentropic - Constant Entropy .

Entropy - A Quantity That is the Measure of the Amount of Energy

in a System Nof Available for Doing Work; Numerical
Changes in the Quantity Being Determinable From the Ratio
dQ/T Where dQ is'a small Increment of Heat Added or

Removed and T is Absolute Temperature.
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INLET HEADERS:

3.1

3.2

The method as presented in Paragrophs 3.0 and 4.0 is limited to those

valves having set pressures greater than 15 psig so that critical or
choked (Mg = 1.0) flow exists at the valve nozzle during the relief

cycles, Subsonic valves and headers are covered in Paragraph 5.0.

|

The examples will evaluate only static and total pressure. Temperature

may also be determined by Fanno Lines but will not be included in

this report.

Header Evaluation

Evaluation of either inlet or discharge headers is accomplished by the

well accepted method of Equivalent Lengths as outlined in Crane
Technical Paper 410 and others. Factors which will influence flow
such as entrances, elbows, tees, valves, efc. are expressed as
Equivalent Lengths of Pipe. The Equivalent Length of all pipe
anomalies affecting flow of the duct in question are added to the
actual length to obtoin the Total Equivalent Length (Le) of the pipe-
some typical Equivalent Lengths are listed in Figures | and 11, The
Friction Length Parameter K o= @%ﬁ}m is then determined using

. d
Figure |1l to obtain f.

Condition One - Nozzle Area Same As Inlet Pipe Area

(A length of pipe only with no valve)

The pressure drop due to adiabatic frictional flow in the inlet pipe is

caleulated by assuming choked flow (M =1 .0) at the pipe (or nozzle)|

exit and by assuming that the inlet of the valve fo the nozzle face

(if a valve is used) is simply an extension of the pipe. This length is

normatly very short and practically can be neglected. The Mach No.

at the exit may be checked,if desired from the equation

e TR

Q. o~ T

Moz = 00245 y T

( Note 1)

‘i
‘,
!.
1
i

‘
!
|
‘,
1
(
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If the calculated Mach No. is greater than 1.0 (which cannot happen
physically due to the choking) the pressure P2 will readjust itself so
that Mo will equal 1.0. Where the calculated Mach No. is equal

to or greater than 1.0 this method is applicable. By -knowing the
Mach No. at the exit, stagnation pressure (Po) in the tank and properly
evaluating the inlet pipe, fluid properties can be evaluated at any

point in the pipe.

Anderson, Greenwood Type 273, 3 % 44, Set Pressure 490
psig (505 psia). Header is 15 ft (180 in.) of 3 inch schedule
80 pipe (2.9 inch 1.D.).

sder to tank connection is a 12
inch to 3 inch concentric reducer (L entry = 0 from Figure 1)
Lading Fluid is natural gas withk = 1.3, G = .60,

T = 60°F (520°R).

This condition is a comparatively rare insfance and will exist %
only with full bore pipeline valves, such as the AGCO ]k‘
Series 70, USI Type D and some Farriservo Valves. On these i
valves, the inlet piping chould either be zero length (valve 1‘
mounted directly on tank) or one pipe size larger and swaged 2
down ?Lﬁﬁmﬁ%j\f ‘o obtain safisfactory performance. Note

that the pressure drop beftween the tank (1) and valve (2) s

the change in stagnation pressures.




3.3.2

) & CO.
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(DATA SHEET NO. 1)

£

28

Solution = Nozzle Same Area As Inlet Pipe Area
Station 1 Station 2 & 3
Pol Po2 © Po3 = Po”
Tank Tol To2 = To3 = To'
an y
Mci dy = d2 = 93 M2 = Mz =1.0
o |
| nlet Pipe |
( Valve Nozzle
%ﬁ_mwm Ly,2 -
' Le I
1) Known Parometers
Set Pressure, Poi = 505 psio
Ratio Specific Heat, k = 1.3 \
T@mg}@@mf% o = L0°F 1\
Specifie Gravity, G 0.60 R
Moleclular Weight, M= 28.964(G) = 17.38 |
inlet Pipe @%@m@?@?; dy = dg = d3 = 2.9 in. ‘\
Inlet Pipe Length, L1,2 = 180 ir ";
2} Header Evaluation

_ 180 _ 4 07

d
Y 2.9

[ Header Section R [k = r/dl
{ Entronce \ 0 \ 0 EQ X |
Pipe 62.07| 180 |1.67 .
Fittings o | o o .
Total } s2.07| 180 [1.67 | |

Where: f = .027 (Figure 18]

K = fL/d = 027 (62.07) = 1.67




3)

4)

5)

D & CO.
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From F?guré IV, The Mach No. At The inlet For
k = 1.3and K = 1,67, is: M} = ,455

From Figure V, The Stagnation Pressure Ratio For

Lk = 1.3and Mc = 455 is: ;%Lm = 1.4

Therefore, the stagnation pressure at the exit (Station 2)

Pol 505 \
tor Pk g oo B = 355,63 psia
© 1.42 1,42 s

The Inlet Pressure Loss is: Pgy = Po* = 505 = 355,63 = 149,37 psi

R

TN
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3.4

Condition Two = Nozzle Area smaller Thoan Inlet Pipe Area

2..0175-128

This condition is far more common than Condition One and is found in
all "Nozzle" Valves (D thru T Orifice = APl 526) or, as in this
instance, where the inlet header is one pipe size larger than the valved
The pressure drop due fo adiabatic frictional flow in ?h.e pipe is
caleulated by assuming choked flow (sonic) at the nozzle exit as in
Condition One and isentropic flow in the nozzle. Knowing the Mach
No. (Me3® = 1.0) ot the nozzle exit and the effective area ratio
A2/A3, the Mach No. (Mc2) at the valve entrance is found from
Figure V11, Note that the actual nozzle area of the valve (Ap) is
multiplied %ﬁy the Discharge Coefficient Kq fo obtain A3, Utilizing

the Mach No. (Me2) just found, the Friction Length Parometer %l:

for a theoretical pipe length which would be required to accelerate

the flow from Mg fo Mcg = 1.0s found from Figure V. This \
theoretical length replaces the nozzle. The Friction Length %mm@%@?\
of the inlet pipe Wiﬁ ie added to the theoretical expression ?Wz
di dy
. fle e e . e _
to obtain ~&  Conditions at any poinf in the pipe (Such as at
i _
Siation 2)  ore then readily determined.

3.4.1  Examele

Same as 3.3.1 except that inlet header size has been
changed from 3 inch to 4 inch (3.9 inch Inside Diameter)
The actual coefficient of discharge Ky = .809/.9 = .90,

If desired, Temperatures and/or Static Pressures may be
simularly found in the same manner from the appropriote
curves which are included. Additionally, now that the
actual conditions at the volve inlet during flow are known,

the capacity which the valve will deliver can be readily

determined from standard sizing formulae
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(DATA SHEET NO. 2)

3.4.2 Solution = Nozzle Area Smaller Than Area of Inlet Pipe
Stafion 1 Station 2 Station 3 (nozzle)
X ?@1 P@z P@B = PQ*’
T3 = To¥
Station 0 Tol To2 .63 To
M M.q= 1.0
Tank Mc1 0 = b c2 ] cd
Py ? -
e inlet Pipe ;1«% o )
T
o L Lo L e
. ;quwm 1,2 L 12,3
# %m Lﬁ -
]
1) Known Paramefers
Set Pressure, Pol = 505 psia
Ratio Specific Heat, k = 1,3
Temperature, ‘ Te = H0°F
Specific Cravity, G = 0,60
Moleculor Weight, M = 28.964(G) = 17.38
inlet Pipe Diometer, dy = &9 = 3.9 in,
Valve Nozzle Diameter, d3 = 2.9 in.
Valve Coefficient of Discharge K = 0.90
inlet Pipe Length, L1,2 = 180 in.
2)  Header Evaluation
Header Section L/d \ L ]K = fL/d
Entrance 0 H 0 z@
Pipe %6.15| 180 |1.15
Fittings 0 \ 0 \‘O
Total 46.15| 180 .15
Where: f = .025 (Figure 111)

180
d = — = 46.15
Y4 =33

K = fl/d = .025(46.15) =

1.15

S

TN



3)

7)

8)

10)

)

0175128

The lsentropic Area Ratio of the Valve Inlet to the Valve

. A2 (dp)2 (3.9)2 _
Nozzle is: B (dg)z Kd . cﬁ‘( 50) 2.00

From Figure Vi, the Mach No. at Station 2 (Mﬁg) = 0.31 31
fork = 1.3 and lsentropic Area Ratio of 2.00..

From Figure 1V, the Friction Length Parameter { fL/d) of @

theoretical pipe length required fo accelerate the flow from
Mco = 0.31 1o Mc3 = 1,00 is  5.25 for k = 1.3

From Figure V, the Stagnation Pressure Ratio %‘l% is 2,00
ork = 1,3anda Mach No. (Mc2) of 0.31 gs determined
in Step 3.

The Total Friction Length Parameter (§1./d) of the actual plus
fLy 2 . ?L?

theoretical pipe s et ™ 15+ 5,25 = 6,40
o T 2:
g%ilfg; was determined in Step 2, Ei? ‘% was determined in
1 d9
Step 4.

Erom Figure 1V, the Mach No. af Station 1 (Me1) is 0,29 for

a Friction Length Parameter of 6.40.

From Figure V, the Stagnation Pressure Ratio m?} is 2,11 for
[

"o
= 1.3 anda Mac h No. (Mey) of 0. 29 as determined in
Step 7.
The Stagnation Pressure at Station 3 (the exit) is:

F}@% = ?ﬁzwﬂ ﬁ@v:mém = 9239 psi
511 2.1 = ed7 psie

The Stagnation Pressure af Station 2°(the volve inlet) is
Po2 = 2.00 Po" from Step 5, Using Po’ = 237 as
determined in Step 9, P2 = 23% (2.00) = izg psia

The Inlet Pressure Loss is: Po1 = Po2 = 505 - 478 = 27 psi

-0~
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4.0 DISCHARGE HEADERS (TAILPIPES)

2-0175-128

4.1

The approoch used in Dixhﬁrg@ Headers is singularly different fo that
used on Inlet Headers. The Inlet Header calculation deécﬁb@d in
Paragraph 3.0 uses two known conditions. These are 1) Tank Stagnation
Pressure and 2) Mach No. ot the valve nozzle (M = 1.0). Neither
of these conditions is known to the engineer when designing dischorge |
headers, and as a consequence, the approach must be different. As
presented here, one must first caleulate the mass flow rate of the safety
valve from the normal valve sizing formulae using the actual inlet

condition to the valve as determined in Section 3.0. Note that again

the @c%mi coefficient of the valve Kd is used.

Knowing the Mass Flow Rate, () and applying the equation from Para-
o C00245Q [ T o e
graph 3.3 Mcs = W@Mﬁy J i;;%\/i The Exit Mach No. (Mc5)

can be determined by assuming P5 = 14.7 psia.

|

[ 8 @ 1
If the expression yields a Mach MNo. equal to one or less, the assumed i :

- s 7 7y on 3 & ] |

pressure of 14.7 psia for P5 was correct, If the Mach Mo, caleulates |

{

|

to be greater than one, the assumed pressure for P5 was incorrect, The

correct Static exit pressure, P5, may be determined by letting Me5 = 1.0}
and caleulating Ps. Ps may also be caleulated by multipling the @swm@éi
pressure (14.7 psia) used in the first trial, by the calculated Mach No. |
We therefore know the Exit Mach No. (Mc5) and the Exit Static Pr@sgwﬁ“«z:

(P5). See Paragraph 4.3 for M3 less than 1.0.

6,6 9@ &
Knowing these conditions, Fonno Lines can be used to determine the
static pressures anywhere in the discharge header. {f Stagnation

pressures are desired, they may be readily obtained using the Mach No.,

at the Station in question and caleulating the Stagnation Pressure using

Figure VIil, which isa plot of

k
p= P14 (5 m2) & T

= e

2 (NC?‘@ 2)
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_Of interest to the writer is the fact that while Stagnation Pressures

(Po) are unmistakeably used to determine inlet loss to the valve and
subsequent valve capacity, there seems fo be inconsistency relating
to pressures in the discharge header. Considering the effect of
back pressure on @ theoretically perfect nozzle in-a duet, critical

(choked) flow will exist until the ratio of stagnation pressures

approaches 0. 5. (Note 3) The writer thus believes that stagnation pressures

should be used to evaluate discharge headers also and that valve
performance is affected by stognation pressures. The, study of
available documents either finds no reference as fo whether the

type of pr@séuf@ '« static or stagnation (API RP 520 Part 1, Figure 4
and Figure 6) or where ceference is made, graphically shows it to be
static, (APLRPSZ5). The Study of the Outlet Area/Orifice Areo
catios of the various valve sizes in APl 526 shows that this ratio will
vary from approximately 40/1 te 2,6/1. Thus the velocity will vary
greatly at the valve outlet and as a consequence the ratio of
Stagnation Pressure/Static Pressure will also vary. Figure VI shows

this variation will be in the order of 2/1.

The performance of a valve with a relatively large outlet area would
not be indicative of the performance of a valve with a small outlet
‘n the same geometric line, The consequences of this implication
could be that 1) 150 Ib. discharge flanges could be selected where
300 Ib. flanges are needed or 2) use of static pressures could show
that the valve capacity might be essentially unaffected by a caleu-
lated 10% back pressure (AP RP 520 Figure 6) whereas Stagnotion
Pressure could be twice as great and the valve would have zero
capacity. This paper does not recommend the use of either static or
stagnation pressure volues , but leaves the selection to the users
judgement . Should the pressures developed in the dischorge header
affect valve capacity, an iterative approach is required on both inlet

and outlet header due to the interaction between the two.

gmonmm el 8 B G

12

e e e s = ST
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4,2 Condition-One = Theoretical Mach No. at Discharge Header Outlet

4.2.1

Equal to or Greater Than One

Exomple

Anderson, Greenwood Type 213, Series 100, Set Pressure is

175 psia. Valve nozzle diameter is 1,347 inches and nozzle

coefficient |

s .975. Discharge header is 29.5 inches of 3

‘nch Schedule 40 pipe (3.06 inch i.D.). Lading fluid is
natural gas with k = 1.3, G = 0,60, C = 345 and

T = 45°F.

13-
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| S ( DATA SHEET NO. 3)
4,2.2 Solution = Discharge Header Exit Mach

MNo., Mc5 = 1.0

Station 4 Station 5

7z
MQ& M@s ﬁ L‘s@
P4 Pg = P 14.7 psia (assumed
P d
ot 4 | NOTE: If valve

b
Discharge Header

DL "”“""”“““"”““‘"1 discharges into @

consfoni pressure

4,5

1} Known Parometers

1| Set Pressure, - Py
Ratio Specific Heat, k
T@m@@m@m@ ; Ta
i) Specific Gravity, G
'{ Molecular Weight, M
\ ' ‘ Gas Constant, C
\‘ Valve Nozzle Diameter, da

Valve Coefficient of Discharge,
Discharge Heoder Diamefer,

Discharge Header Length,

2) Header Evaluation

M header, use known

pressure .
= 175 psig
= 1,3
45°F = S505°R
= (.60
= 78,964(G) = 17.38
= {1,347 in,
Kd = 0,975
d4 = 3,06 ?m‘

Lg,5 = 29.5in.

!t | Header Section X L/d W&;mmj%imiﬁi% d
\ Pipe 9.6 } 29 .o
Fittings o | o o
\ Total oo | 29 |24
Where: f = ,025 (Figure 1y
29.5

L/d = W = 9.6
K = fL/d=.025 (9.6) = .24

L34



3)

4)

in
Rty

6)

2.0175-128

Capacity, @ - SKaldah [p.(1.1) +14.7] J;’i (Ib/he)
f

~ 345(,975)(1. 344 [17501.1) + 14.7] [17.38
4 o 505
18425 1b/hr

Mach No. M¢s = / ifm
Ps(da) k M
Assuming Pg = 14.7 psia, -
_,00245(18,425) 505
Mg = B —
14.7(3,06)2 1.3(17.38)
Meg = 1.545
Since the Mach No., Mc5 is greater than one, the actual

o
L

Static exit pressure,
= 22,71 psia

From Figure 1V, the Mach No, af the inlet to the discharge
header (valve outlet) fork = 1.3 and K = 24182

Mg = 695

From Figure V1, the Static Pressure Ratio at the inlet to the

outlet of the header for k = 1,3 and Mc4 = 695 is:

P4 v

g} ks

Therefore, Static Pressure at valve outlet (discharge header
inlet), Py = P* (1.46) = P5 (1.46) = 22.71 (1.46)
Py = 33.15 psic

i

|
From Figure VI, the rotio of Stagnation Pressure/Static Pressure
at the valve outlet (discharge header inlet) for k = 1.3 and 1.
Meg = 695 ls:

Pod _ 4 35
P4

Therefore, the Stagnation Pressure at the valve outlet

Poa = 1.35P4 = 1.35 (33.15) = 44,75 psia
= 30 psig

'1
{
|
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Condition Two = Theoretical Mach No. of Discharge Header Outlet

4.3,

Less Thon 1.0,

Anderson, Greenwood Type 2J3, Series 100 Set Pressure

is 15 psig, valve nozzle diameter is 1.347 in., nozzle
coefficient is .975, Discharge header is 29.5 inches of
schedule 40 pipe (3.06 inch 1.0 Lédiﬂg fluid is
natural gas with k =1.3, G = 0.60, C =345 and

T = 45°F.

|
|

gORM 128
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(DATA SHEET NO. 4)
4.3.2  Solution = Discharge Header Exit Mach No. Mc5 < 1.0

Station 4 Station 5 Station 6
Me4 B

P4 Mcs<< 1.0 Meg = 1.0
Pod da Ps Py = P

i f

B Discharge Header
JAYSu vy

Le
1) Known Parameters
Set Pressure, Po
Ratio Specific Heat, k
Temperature, Ts
Specific Gravity, G

Molecular Weight, M =
(Gas Constant,

Valve Nozzle Diameter,

Valve Coefficient of Discharge, Ky

Discharge Header Diameter,

Discharge Header Length,

*2)  Header Evaluation

28,964(G)

C
dn

««)

da

= 15 psig
1.3
= 45°F

= 17,38

= 345

= 1,347 in

= 975
3.06 in

Header Section L/d L K = fL/d
Pipe 9.6 29.5 .24
Fittings - 0 0 0

Total ) 0 0 24

Where: f = .025 (Figure 1)
K = fU/d=,025(9.6) = .24
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3)

4)

L
g

é)

8)

9)

REPORT ML
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Copacity, @ = C Kyldp)r [Pol1- 1) * 14.7] fM (Ib/hr
i T,
q - 245(.975)(1. 3472 [1501.1) + 14.7 J%?T:{fé
‘ 7 505
Q = 27745 Vb/he
Mach No. Mc5 = 00245Q [T \.
?S(dé k M
_.00245(2774.5) 505
Mcs = ) p—————
14.7(3.06) 1.3(17.38)
M5 = 0,233

Since the Mach No., Mc5 is less than one, the assumption

that Ps, the Static exit pressure wos 14.7 psia is correct.

From Figure 1V, the Friction Length porameter of o theoretical
pipe attached fo the header exitin which the flow is accele=-
cated to Mach one af ifs exit for k= 1.3 ond Me5 = 233

Is_ H 0.

Erom Figure V1, the Static Pressure Rotio af the inlet to th i

outlet of the theoretical pipe exit for k= 1.3 and M5 = 2 33 {\
Is ;%iww = ﬁmi{? 5
p*

l

The Friction Length Parameter of pctual Header plus *’f%ﬁ@@f@ﬁa@? ~
f . <
extension s 45 5,6 = 24-11.0 = 1124
d4 d4 :
Erom Figure 1V, the Mach No., M4, af the inlet to the
discharge header (valve outlet) for k= 1. 9 gnd K = 11,24

s Mcd = .230 l

From Figure Vi, the Static Pressure Ratio at the inlet of the

actual header to the outlet of the theoretical extension |

p
?gm _ 455 f0r k= 1.3and M4 = 230

o} Rew



10)

i

12)

2-0175-128

The Static Pressure at the exit of the theoreticol pipe extension,
peo= P50 M7 5966 psia
4,5 4,5 .
The Static pressure at the actual header inlet (valve outlet),

P4 = 4.55P" = 4.55(3.266) = 14.86 psia

= ,16 psig

From Figure VIII, the ratio of Stagnation pressure to Static

pressure at Station 4 for k = 1.3 and Mg = 2230 is

Pod -y 15

Pq

Poy = 1.15(14.86)
= 17.09 psic

s

2,39 psig

o 1Gw
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5.0 SUBSONIC FLOW

5.1

in subsonic flow all valves (including the safety valve), pipe, and

fittings in both the inlet and discharge headers affect the flow rate

through the system (since choked flow does not exist). The approach

presented here is somewhat unconventional in that after properly

evaluating the equivalent lengths of all savalved plumbing, the

pressure loss is assumed to be linear between

and the static pressure info which the system

the static tank pressure
is discharging (normally

atmosphere). The pressure at any desired point may now be found by

pressure = length rafio. Knowing the pressures existant at the valve

snlet and outlet, the capacity of the valve

is readily calculated by

appropriate formulae and the pressure drop between the valve and tank

*s determined by simple subtraction, This method is applicoble only

to installations where the tank pressure does

not exceed 15 psig and

where the Mach Mo, (Me5) ot Sration 5,discharge header exit, does not

oxceed 1,0, The Mach MNo., Me
@ - T
?25%2 Yk M

where d s

M = 00245

R

exit. (1)

5, may be determined using the equation

the diometer of the inlet |

pipe (d1,2) and P2 is the absolute pressure ot the discharge header

This approach to subsonic headers has been verified by extensive tests |

and agreement befween meosured and caleulated results are within

tf = 2%.

at the Anderson, Greenwood ASME certified laboratory in Bl Campo \
i
!

1
l

(1) The inlet pipe | D musf be used since the octualdischarge h@@dmfi
being normally larger than the inlet pipe is reploced by ifs ‘

equivalent length of inlet pipe in the
No. {(Mc5) in this equivalent pipe mu
the method to be applicable.

caleulations. The Mach ‘
st be lower than 1.0 for \

|
|

w20
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5.2  Condition One=Inlet Header, Sofety Valve & Discharge Header

5.2.1 Exaomple

Anderson, Greenwood 2 x 3 Type 93, set preﬂssur@ 5.0 psig.

L/D from Figure X is 79, Inlet Header is 45.0 inches,
2 inch sehedule 40 steel pipe (2,067 in | D ), Discharge
Header 91 inches, 3 inch schedule 40 pipe ( 3.0681 D},
Lading Fluid is natural ges withk =1.3, G = .60,

T = 60°F. Valve is assumed to have remote pickup so

that it is fully open at set and stays fully open irrespective

of inlet pressure loss,

@ na

@21
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(DATA SHEET NO. 5)

5.2.2 Solution

(4)

d3
Valve (b
(2) ‘% V.
/__Discharge (c)
Ly,2
P I S
0 L inlet (@) d1,2
TANK Pq
1) Known Poramefers
Set Prassure, Po ) = 5.0 psig
Ratio Specific Heat, k | = 1.3
"?@m@»ﬁm%uréﬁ‘ T, = 60°F = 520°R
Specific Gravity, G = ,60
Molecular Weight, Moo= 28,964 (G) = 17,38
Fquivalent Length, /D = 79
inlet Header Length, 1,2 = 45,0 inches
inlet Header Diameter, di,2 = 2.067 inches
Discharge Header Length, 14,5 = 91,0 inches
Discharge Header Diameter, 44,5 = 3,068 inches
Coefficient of Discharge  Kd = £ z%;i - 939
Header Exit Pressure Ps = 0 psig
Valve Orifice Area A = 2.29 in?

97



2}

3)

TANK
P

o]

inlet Header. . s

Station 1

4)

2-0175-128
System Evaluation
Section L/d L
inlet Header 21.8 45,0
Valve 79 (a) 164
Discharge Header| 6.1 12.63 (b)
inlet 0 0
Total 221,16

(@)  From Figure X
(b) Discharge header length = 91.0 inches of 3,068 1 D pipe.
Since the equivalent length given in terms of pipe diometer,
is a function of the fourth power of the pipe diameter,
{ !

! %
I / o A
Lo 90 2,067 4 g
D 3.068 ; |3.068

L= 2,067 (6.111) = 12,63 in,

Equivalent Configuration

Valve Outlet —em

N

Valve Inlet = Discharge Headey 7777 &
V é%% - 'R&’«:g‘é@? Valve ]
%i - 45,0 |a—164 -1 éi
Ly 2 g‘”?ﬂ% (equivalent) i""éii,fi
Station 2 Sta SJ%@
4 g

Pressure Calculotion Stations 1, 2, 4, & 5

Ps = Patmos. = 0 psig
(45.0)

Bl

Py = 5.0~ 5.0 = 3.98 psig

(221.16)
(164 + 45.0)

TS

Py = 5.0=5.0 Blech.
4 (221.16)

= 285 psig
Note that the pressure differential across the valve, Pg = Py, is
3.69 psi, not 5.0 psi as would have been assumed without piping

calculations.

FORM 128
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5y Valve Capacity

]
863 Ky AF\ [P (P) SCFM
6T

Where Kgq = Valve nozzle coefficient of d‘ischmé@

Qv =

A = Valve nozzle area (in.)

E = Factor based on ratio of specific heats Cp/Cy
AP = Inlet Pressure (psig) minus outlet pressure (psig)

P = Qutlet Pressure (psia)

G = Specific Gravity
T = inlet Temperature, °R(  °F + 460}

a)  Rated Capacity

_ 863 (.999)(2.29)(.976) 5(14.7)

¥

: Qv e
x -~ 60 (520)

| Qv = 879.15 SCFM
NOTE: The actuol nozzle coefficient, Ky = 939,

|
!

was used, The .9 multiplier required by the

ASME code is not used in pressure drop calculations.

The valve is assumed to fully open and piping ‘

i.
li
!
pressure losses are ignored., i

by  Actual Capacity

The actual capacity of the valve (with remote pressure pickup .

to insure full [ift at sef pressure) is: ]

Voo i

-~ /.60 (520) ;
Qv =768.09 SCFM

| | G - 563 (.93)(2.29)(.982) \/fmz? - .285)(,285 + mo?ﬂ

|
e) Comparing capacities, we find that the valve is flowing l
111.06 SCFM or 13% less than design. The maximum

recommended pressure drop per APl RP 520 is 3%.

* AGCO Catalog 1800

e e 7T

pORM 128 ’ -
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6)  The Mach No. ‘of the Theoretical 2 Inch Discharge Pipe is:

D+ T

Mes = 00245 2— T

?5@2 Tk M

Where Q= 768,09 (.0749)(.6)(60) =2071 lbs ./hr. -
PS = 14,7 psia, pressure at discharge header exit,
d = 2.068 in., dia. of inlet pipe.

= 520°R, Temperature of Lading Fluid

k = 1.3, Ratio of Specific Heats.

M = 17.38, Molecular Wt. of Lading Fluid
Q, = 807 SCFM

==f
-
§

1 oA RO

_ 002450071} - 520
ch 7 S—
(14.7)(2.068) ' 1.,3(17.38)
L Mg = 387 Therefore this approach is applicable since

| Mach Ne. is less than one 1.0 (choked flow

does not exist)

woaens 2R : m?SW
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(V)
(2)
(3)
(4)
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SP 3045 NASA

Compressed Gas Handbook
Equation 5,31 Compressed Gas Handbook SP 3045 NASA

Figure 6.10 Chapmon

Pages 37 and 38 used with permission of Crane Co.
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DATA SHEET NO, 1
{N@XZE@ Area Same As Inlet Pipe Area)

Station | ’ Station 2 & 3
Pol ~ Po2-= Po3 = Po”
To To2 = To3 = To"
Tank Med dy = dg = day Me2= Mea= 1.0
Po
To { %
Inlet Pipe |
Lo, 1 % 112 ' Valve Nozzle
Le =
1. Known Parameters
Set Pressure, ‘ %g psia
Ratio Specific Heat, k =
Temperature, | T = oF
Specific Gravity, . G
Meolecular Weight, M = 28,964(G) =
Inlet Pipe Diameter, dy do in.
Inlet Pipe Length Ly,2 h.
2. Header Evaluation
Header Section ' L/d L K = f/d
Entrance
Pipe
Fittings
Total
Where: { = {From Figure 1)

FORM 128
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Mach No. at inlet (From Figure V), My =
using k and K above.

Stagnation Pressure Ratio (From FigureV), %ﬁl =
ﬁ"«%
using k and Mc1 above. "
Stagnation Pressure at exit, Py« is calculated using Py1 and

Stagnation Pressure Ratio above.

inlet pressure loss = Pot = Por =

FORM 128

=28~
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DATA SHEET NO. 2

(F\@mﬂé Area Smaller Than inlet Pipe Area)

Station 1

Pol

Station O 'T@T

Tank : M@?
Po | dy = do

Station 2 Station 3 (nozzle)
Po2 Po3 = P’
To2 To3 = To'
Me2 Mea = 1.0

Hps

R
To [ el
I
Y
Le
! 1. Known Parameters
|
‘ Set Pressure, Pot psia
| Ratio Specific Heat, k =
|
f Temperature, To op
!
‘i Specific Gravity, G
; Molecular Weight M = 28.964(G) =
i inlet Pipe Diameter dy = dg in.
|
}
' Valve Nozzle Diameter da in.
Valve Coefficient of Discharge, K¢ =
‘ inlet Pipe Length Ly, 2 = ‘R
‘ 2, Header Evaluation
: Header Section L/d L K = fL/d
i Entrance
i Pipe
% Fitrings
% Total
|
Where: = (From Figure 1)
FORKM 128
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Isentropic Area Ratio of Valve Inlet to Valve Nozzle

A2 (dz)z

A3 (dé)g Kd

Mach No. at valve inlet (From Figure VI, Mc2 =

using k and |sentropic area ratio above.

fla,3

d2 i

to accelerate flow o Mc3 = 1.0 using inlet Mach Ne. Mc2

Eriction Length Parameter (From Figure V),

determined above and k.

Stagnation Pressure Ratio (From Figure VY, i?;% =

Q%

using k and M2 above.
fLy,2 . 2,3

Total Friction Length Parameter, oo g mly9 =
d

1 do

using values determined in Steps 2 and 4.

Mach No. at Station | (From Figure IV) Mgy =

using total Eriction Length Porameter and k above,

Stagnation Pressure Ratio (From Figure Vi,

using M1 and k above.

Sragnation Pressure at Station 3 is, Po* = e
using Set Pressure of valve and Stagnation Pressure Rafio
from Step 8.

Stagnation Pressure af Station 2 is, Po2 = Po* (5.P. RATIO)

using Po* above and Stagnation Pressure Ratio from Step 5.

inlet Pressure Loss Pol = Poz = using set pressure of

valve and Pg2 above.

e e e s T

e oo e T T T
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DATA SHEET NO, 3
" (Discharge Header Exit Mach No, M¢s = 1.0)

Station 4 ‘ Station 5
? B
MC@ MCLS = 1,0
P4 Ps = P" 14,7 psia (assumed)
P d
o4 4 NOTE: If valve
! | Z discharges into a
Discharge Header J constant pressure
| .Y . header, use known
J 4,5 ‘
A , ! g pressure,
Po, To
| i, Known Parameters )
Set Pressure, Po psig
! Ratio Specific Heat, k =
Temperature, Tg = of oR
; Specific Gravity, €
| : '
'. ' Molecular Weight Moo= 28.964(G)
Gas Constant, C =
Valve Nozzle Diometer d3 = in.
Valve Coefficient of Discharge, K¢
Discharge Header Diameter, | dy in.
Discharge Header Length, L4 s o ‘N |
2. Header Evaluation *
|
| Header Section L/d L K = f/d |
| s
't Pipe [
:‘ Fittings
, Total
. S R

J

|

i Where: f = (From Figure 111)
1
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IN, GREENWOOD & CO.

Capacity, Q = CKyg (dg)2 @% EP@(TJ)HA»?“}J%M (Ib/hr)
h : r

|
Mach No., Mc§ = &WWGOEASQ ii ;
P5 (dg) 2 N kM »

Where Pg5 assumed to be 14.7 actual Static exit pressure,

Ps = Mces (14.7)

Mach No. at Discharge Header Inlet (From Figure V), Mcg =
using k and K above.

Static Pressure Ratio, inlet to outlet of header (From Figure V1),

i‘i = using k and Mc4 above.
?}'ﬁ’

Static Pressure af discharge header inlet (valve outler), Py =

(5.P. Ratio) P* using ¢ P. Rotio above and P* determined in Step 4,

i

Stagnation Pressure/Static Pressure Ratio (From Figure VI, at the |

Pod !

) @ = 1
Discharge Header inlet (valve outlet) T

' 4

using k and M4 above. ]E

Stagnation Pressure at valve outlet Poa = (5.P. Ratic) P4 g

|

|

{

Using Stagnation/Static Pressure Ratio above and Py from Step 6.

wOBEE 328

37w
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DATA SHEET NO. 4
(Discharge Header Exit Mach No. Mcs < 1.0}

; !
: | 1
% Station 4 Station 5 Station 6 |
- ‘ |
Mc4 ‘
P4 | Mos — 1.0 Meg = 1.0 1
Pod dg Ps P =P |
| 7 poo
Discharge Header o j
| IS Sy Ty E—
| -
!
I
1. Known Parometers \ 5
Set Pressure, Pe = psig '
‘ Ratio Specific Heat, k ‘
‘ Temperature, To = o °R
Specific Grovity, G = ‘
Molecular Weight, M = 28.964(G)
Gas Constant, C s
Valve Nozzle Diameter ds "
Valve Coefficient of Discharge, K¢
Discharge Header Diameter, d4 = T
Discharge Header Length, L4,5 = .
2., Header Evaluation
Header Section L/d L K = fL/d
Pipe
| Fittings
Total
|
i
| Where: f = (From Figure 1il)
!

W ot DR
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ANDE

8.

7.

10.

11,

12,

Capacity, Q = CKdg (d3)? % [Po(‘is‘i)«%amaﬁfg% (Fo/hr)
: ¥

& CO.

REPO
2-0175-128

Mach No., Mcs = I;‘iw 1

T | |
Where Psassumed to be 14.7. Assumption is correct if Mes < 1,00

Friction Length Parameter (From Figure V) of theoretical pipe

attached to header exit, %iié; = using k and M¢5 above.

Static Pressure Ratio (From Figure Vi) at the inlet to outlet of
theoretical pipe, P5s = using k and M5 above.

sz
%

Total Friction Length Parameter of actual header plus theoretical

f fL
extension is }‘4’@5 + méﬁgém = wsing @”w from Steps 2 &5
aw,gnwvﬂvmn«m“m«fn« d b= d
d4 4
Mach Neo. af discharge header inlet (From Figure V) Mc4 = ‘

fL i
for k and total j;m above, "

Static Pressure Ratio at inlet to actual header to outlet of theoretical

. - P
extension (From Figure v A=

z
%
|
|
6 using k and M4 above. i
P \‘

Static Pressure of exit of theoretical pipe exfension, Pe =
S. P, Ratie

using Pg = 14.7 psia and Static Pressure Ratio from Step 6. s
Stotic pressure af getual header inlet, P4 = (5.P. Ratio) P* *

using P* from Step 10 and Static Pressure Ratio from Step 9.

Ratio of Stagnation to Stafic Pressure at the discharge header inlef

P
{(From Figure Vi ~«§%ﬁw = using k and Mgy obove.

Pod = (Ratio) P4 using Py from Step 1.

FORM 126
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DATA SHEET NO. 5

Subsonic Flow

2-0175-128

cied | Inlet (@) d 1,2

1 Known Parometers

Set Pressure,

Ratio Specific Heat,
Temperature,

Specific Gravity,
Molecular Weight,
Fquivalent Length,

Inlet Header Length,
inlet Header Diameter,
Discharge Header Length,
Discharge Header Diometer,
Coefficient of Discharge

Header Exit Pressure

Valve Orifice Area

?C}

k

T, =
M -

/D

Ly,2.
dy,2
La,s
d4,5
Keg =
Ps

A

A?sch@re (c)

psig

°R

inches
inches
inches

inches

psig

In 2

FORM 128 w35
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System Evaluation

Section L/D

Inlet Header

Valve (a)

Discharge Header (b)

From Figure X

For Discharge Header:

D

(da, 5 d4,5

[[?-'k»' N

R
L

L= dp 2

N

4

rPORM 128

=350~
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I
i 3)  Pressures at Station 1, 2, 4, and 5

Py = Po = psig

Pg - = pﬁg

i : L L : ,
: Po = Py - Py (ﬁw:;% + %(@L@?@) = psig

it

P4

L
Po = Po L1,4 + Ps “h4) = psig
Ly,5
4) Valve Capacity

| a) Rated e
| Q, = %Bﬁi%iﬂp{m

| ’ NGT

b) Actual

Q, - SCFM

5) Discharge Mach MNo.

ot

Mos = 00245 ==
=

|

. ‘/,\\

FORM 128
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L/D =66.7

| Standord Tee (Equal Dia. Legs)
L With Valve on Side Qutlet

EQUIVALENT LENGTHS OF VARIOUS FITTINGS ) 5’)

L/D=0

SR ey

Standard Elbow

Medium Elbow

1 diameter

45° Elbow L/D =17

Ai D = . \ Sh arp B ' >
Long Radius Elbow L/D = 2]

N S—
1
o TR
! oo
'
i

— b diameter

Globe Valve, Open L/D =315

(1) Crane "Resistance of Valves and Fittings to the Flow of Fluids"

FIGURE 1l

L/D = 31

— Concentric
Reducer

FORM 128

=38
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Static Pressure Rotio
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lsentropic Area Ratio
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GRS 4 o g

& CO. PORT HUA
2-0175~128
|
TYPE 91/94
d = ,855
Stainless Steel ™ Carbon Steel ©
Valve L/D L (In.) L/D L.(In.)
Size v
2 %3 [RE 239 58 119
3 x4 140 456 68 208
4 xb 158 1673 80 321
6 x8 184 1168 102 618
8 % 10 181 1507 101 805
10 x 12 228 - 2375 129 1292
12 % 16 187 2316 AR 1332
TYPE 93
Ky = 939
. Stainless Steel * Carbon Steel  #
Valve L/D L-{in.) L/D L{n.)
Size
2 %3 149 321 ’ 79 160
? % 4 170 554 , 83 254
4 x 6 183 779 93 373
‘ b x 8 197 1250 109 660
8 x 10 178 99 790
10 x 12 232 2417 132 1322
12 x 16 177 2193 105 1260

Equivalent Lengths (L/D) of AGCO Type 91/94 and 93 Pilot Operated Relief Valves
As Evaluated By

wjim ' = _h m;é 4 S
D ’ Kg2 p2¢
i
f o=
2
4 |.57 - log e
[ <o [

* e : Absolute Roughness
For Stainless Steel : e
For Carbon Steel : e
d = d1,2

,00015 = L/D Based on Schedule 10 Pipe
.00085 : L/D Based on Schedule 40 Pipe

i

i
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REVISIONS
' SYM DESCRIPTION APVD DATE
A Revised Pages 1, 2, 4, 11, & 12; Added 5.0; Renumbered Pages b=2=75
20 thru 36.
| B Revised Pages 14,22, 23, 24, 25, 35, 36 & 46; Added page 35a. 7=-11-75
c Revised Page 21, 32, 7-23-75
- D Revised Figure X Page 46. 9=2=75
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01/714/86

E-T706
CCI TASK ORDER 2
ODH ANALYSIS OF LAC BUILDIRG

Part-A: Analysis of building excluding the splll trough, pit
and Faraday cage.

Fermilab Safety Manual Section 15.1 18 the basls for the
analysis. The task is to determine whether this portlien of
the building can be calssified ODH=0.

In the absence of a detalled knowledge of probabilities
of various fallure modes, it 1ls sufficlent o demonstrate

that P02 remains above 135%mm Hg for the most{ severe failure
modes. :

Two failure modes are to be considered:
1. Complete fallure of the 2% dlameter beam window.

2. Total failu
T

e of the 3% diameter Argon line near the
bottom of e

T
he LAC vessel.

It is assumed that all other cryogen lines will be eguipped
with automatic shutoff valves at sach end which are closed
upon detection of a line fallure,.

For each of the two postulated fallure wmodes the
following gquestions are to be answered:

1. What is the spill rate (and accumulated s8pill)
vErsus time? Assume an iInitial 1lgquid Argon
temperature of 160°R and an inltial Argon gas
pressure of 7 psig.

2. What is the vapor generation rate (and accumulated
vapor generation) versus time?

3. What assumptions of splll contalnment measures,
spill discharge ducting, trough insulation,
protection of nearby carbon steel components and plt
insulation were made In answering 2.7

i, What ventilation rate and ducting 18 needed to
maintain PO. 2135mm Hg in all areas under
consideration”at a helight 6" above the experimental
hall floor level?

5. What ventilation system exhaust ducting is needed to

-
-
-
—

’;/’}\/"{’// b



ensure PO, remains above 135mm Hg in the vieclinlity of
the exhaust? :

6., What (if any) area of restricted access |s needed at
the exhaust point?

7. W®What are the ventilation system blower Tequirements

{slze, pressure head, blower speed, motor horsepowver
& speed)?

8, What (if any) building air intake areas and
locations are needed?

Part B: Analysis of trough

Perform a Section 15.1 Analysis of probable fallure
modes for a height 6" above the trough floor. Determine what
ODH classification is appropriate assuming all the
recommendations of Part A are met.

Part C: Analysls of Plt

Perform a Section 15,1 Analysig of probable fallure
modes for a height 6% above the experimental hall floor,
Determine what ODH clasgification Is appropriate.

Part D: Analysis of Faraday cage

Details and testing of penetrations into the Faraday
cage will ©be provided when they are avallable., Determine
what alr exchange rate ie needed for the Faraday cage Lo
enable this area to be classifiec ODH=0.

ST&E/ bt



e b Fermi National Accelerator Laboratory
~ £
Fermilab - P.O. Box 500 » Batavia. lllinois = 60510

# 2S-Y29 - oy 9

February 12, 1986

Cryogenic Consultants, Inc.
Attne Jerry Gibbs

1176 N. Irving Street
Allentown, PA 18103

SUBJECT: Subcontract No. 8C-=94362
Task Order #002, R-2

Dear Mr. Gibbs:

Enclosed is the detailed Scope of Work for subject Task Order No. 002, R-2
as follows:

1) Detailed Scope Memo dated 01/14/86 - ODH of LAC Building

2) Drawing List dated 01/15/86

Very truly yvours,

S O waal ).

.. 0. Vonasch, Jr.
Sr. Contract Administrator

LOV/clyr

Enclosures
ces Baker ($220)
Cooper (#357)

Dixon (#310)
Stoy (#219)
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E-T706
CCI TASK ORDER #0602, R-2
ODH ANALYSIS OF LAC BUILDING

Part A: Analysis of building excluding the spill trough, pit
and Faraday cage.

. Fermilab Safety Manual Section 15.1 1s the basis for the
analysis. The task is to determine whether this portion of
the buillding can be calssified ODH=0,

in the absence of a detailed knowledge of probabilities
of various failure modes, it is sufficient $o demonstrate

that PQZ remainsg above 135mm Hg for the most severe fallure
modes.

Two failure modes are to be considered:
1. Complete failure of the 2" diamefer beam window.

2. Total failure of the 3% diasmeter Argon line near the
pottom of the LAC vessel,

Tt is assumed that all other c¢ryogen lines will be equipped
with automatic shutoff valves at each end which are closed

upon detection of a line failure.

For each of the two postulated faillure modes the
following questions are to be answered:

1. What is the spill rate (and accumulated spill)
versus time? Assume an initial 1iquid Argon
temperature of 160°R and an Initial Argon gas
pregsaure of T psig.

N3

What is the vapor generation rate (and accumulated
vapor generation) versus time?

3, What assumptions of spill containment measures,
spill diascharge ducting, trough insulation,
protection of nearby carbon steel components and pit
insulation were made in answering 2.7

Y, What ventilation rate and ducting 1s needed to
maintain PO 2135mm Hg in all areas under
consideration®at a height 6" above the experlmental
hall floor level?

5. What ventilation system exhaust ducting i1s needed to



ensure PO, remains above 135mm Hg 1n'the vicinity of
the exhaust?

6. What (I1f any) area of restricted access i3 needed at
the exhaust point?

™ 7. What are the ventilation system blower requirements

(size, pressure head, blower speed, motor horsepower
& speed)?

8. What (if any) building air intake areas and
locations are needed?

Part B: Analysis of trough

Perform a Section 15.1 Analysis of probable failure
modes for a helght 6" above the trough floor. Determine what
ODH classgification ia appropriate assuming all the
recommendations of Part A are met.

Part C: Analysis of Pit

Perform a Section 15.1 Analysis of probable fallure
modes for a height 6% above the experimental hall floor,
Determine what ODH classification is appropriate.

Part D: Analyslis of Faraday cage

Details and testing of penetrations 1nto the Faraday
cage will Dbe provided when they are available. Determine
what air exchange rate 13 needed for the Faraday cage to
enable this area to be classifiec ODH=0,

STS/bf
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Fermilab Safety Manual Section 15.1

Dwg No., 8-1-U48 A=6 Rev., 20
MW Experimental Hall Plan

Dwg No., 8=1=-48 A=-7 Rev. 4
MW Experimental Hall Elevations

Dwg No. 8-1-48 M=1 Rev., 17
MW Exp. Hall & Countling House
HVAC & Plumbing Plans

Dwg No. 8-1-U8§ M~d Rev, 22
Sehedules & Control Diagrams

Dwg No. 8-1-M47 SC-13 Rev., 10
Dewar Foundations Plans,
Sections, and Details,

Dwg 9220.706~-ME-202359 Sht 1 of 2
Hadron Pack Information Dwg.

Dwg 9220.706-ME-202359 Sht 2 of
Hadron Pack Information Duwg.

Dwg 9220.706-ME-202831 Rev. A
Hadron & Photon Assy Fraume

Dwg 2220,1-MD=-183271
L.A.C. Calibration & On Line
Positions

Dwg 2802.150-SE~17T051
M.W. Faraday Room Conatruction
Details

Chicago Bridge and Iron Co.
Dwg Contract No. 851553
General Plan

Dwg = No Number or Title
Showing M.W. Exp. Hall Pit
Ventilation Location - For
Reference Only

Dwg = No Number or Title
Showing M.W. Exp. Hall Trough
Skirt Proposal - For Reference
Only

January

1
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1986
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179

Dwg = No Number or Title
Showing Location of Exp.
Apparatus in M,W. Exp. Hall.
Preliminary, for Reference Only

Paper E706-140 By F. Lobkowicz
Dated 1-3-86 Titled

"Cold Steel Through My Heart”
For Reference Only

Paper Titled "Cooldown
0f Steel™ by F. Lobkowicz
For Reference Only
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F o Fermi National Accelerator Laborat
ermilab atory
P O. Box 500 - Batavia, lllincis = 60510

February 12, 1986

Cryogenic Consultants, Inc.
Attn: Peter C. Vander Arend
1176 N. Irving Street
‘Allentown, PA 18103

SUBJECT: Subcontract No. S5C-94362
Task Order #002, R-2

Dear Mr. Vander Arend:

Enclosed ig the detalled Scope of Work for subject Tesk Order No. 002, R-2
as follows:

1) Pages 333 and 335 from "Calorimetzy”

2) Drwg. #9220.,706-ME-202715, .
Plan View Calorinmeter and Argon Deway

Very truly yvours,

v . / Yz
N {X/fﬂﬁmﬁwﬁxﬁlg% k}?
Db\

L. 0. Vonasch, Jr.
Sr. Contract Administrator

LOV/cly
Enclosures

cc:  W. Baker (#220)
B, Cooper (#357)
K. Dixon (#310) n N\
S. Stoy (#219)
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January 27, 1986
E=T706
CCI TASK ORDER NO. o002, BR-2

COOLDOWN AND WARM-UP OF LAC

The detalils of the internal components of the E-T706 LAC have Dbeen

fixed,

Given this information it is desirable to understand the

cooldown and warm-up techniques for the LAC., Particular attentlon must

be given

to determining the thermal gradients that will exit across

various componente in the LAC and c¢onsequents of these gradlients,

The following questions need to be addressed.

1.

B

°

kN3]

What is the most desirable location Tor the finned tubing in
the top of the LAC for the cooldown colls and the steady state
coil? :

What 1f any shrouds are required to contreol the cooldown
procedure? How should these be made and Installed?

Hhat 13 the calculated temperature vs time history for various
components in the LAC? Particular concern has been expressed
for the super plates, adsorber plates and hadron detector
aupport structure. Will any excessive stresses be developed

on anvy members as a result of femperature gradlienta? What are
. } A

the nitrogen/argon flow rates as a function of time that are
required to achieve the cooldown detalled?

What if any special provisions will be reqguired to maintain

the degired temperature gradients? i.e. Copper fingers
attached to some components, special manifolding, eto.

If the occasion arises that the argon must be removed to
warm-up the LAC guickly for any reason, what 13 t©fhe most
effective way to remove the liguid argon and warm=-up the
internal components of LAC? Particular attention must be
given to the thermal gradler %he internal components 8o
that excessive stresses ar . What is the warm=up time
and the temperature 4 history for the -eritical
components? '

Ay

gy 1 be reqguired to warm-up the
diﬂgtﬁ

components or the LAC a “the schedule detailed in

No.5

STS/bf
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F. Lobkowicz et al. / A lorge liguid argon photon /

Scintillation

£ 706 SPECTROMETER

‘
L

Po/ALC /0L PR A A

Fig. 1. The layout of the complete E706 spectrometer showing the target surrounded by silicon strip detectors, the PWs following the
magnet, the Liquid Argon Calorimeter and the forward scintillation calorimeter.
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Fig. 2. A blowup of the photon detector. The quadrants are separated by stainless steel plates (a); special boards (b) connect
individual readout sirips to connectors along the circumference.

iV. CALORIMETRY




F. Lobkowiez et al. / & lorge lqndd argon photon / hadron colarimeter 33%

O AVAVAYAVAVAVAVAVAVAY S

There are two sets of three special “readout boards,”
one in front and one in the back of the photon detector
assembly; one of these wiplets is shown in the cxplodcd
view of fig. 2. These provide leads from the inner ¢
strips as well as from me r smpss to the outer edge of

. the detector where ex

“detector. The first § of of Lhc dewcwr (22 laycrs 10
radiation lengths) is read out via the fromt readout
boards, the last § (44 layers, 20 £.1.) is read out via the
back readout planes.

In contrast to the photon detector, the hadron detec.
tor has a tower readout structure. Each tower consists of
a series of triangular readout pads, gs illustrated in fig.
4. The need to have electrical connections from each
pad to the edge of the detector necessitates the subdivi-
sion of readout planes into pairs, one of which is shown
in fig. 4. Each of the readout planes covers one-half of
the arca with pads, leaving the space between two rows
for the readout lines. As illustrated in fig. S, during
assernbly, the readout lines are covered with horizontal
spacer strips which are glued to the readout boards and
provide mechanical stability, Since only 4 ftx 12 f
(G-10 boards are available commercially, each plane
consists of three such boards. Vertical ribs hold the
individual boards together and add to the rigidity of the
whole assembly. Each layer (fig. 5b) has in sequence a
H.V. board, a layer of horizontal strips that define the 3
mum argon gap and shadow half of the area of the pads,

Fig. 4. (a) A single hadron calorimeter readout board: (b) detail
of the readout scheme.

{a}

(b

“ground

e g\% v

I
74 ;/{;;
.
7

i

P

Sieeinj J L»Si’@e!
Argon~ | Strip (horiz.)
~Rib (vert.)

Fig. 5. One readous layer of the hadron detector: (a) & side view showing suspension system; (b) exploded view of one readout layer.
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