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PRESSURE VESSEL ENGINERING NOTE ~ O C] 7Z‘ 1/ 9
PER CHAPTER 5031

Prepared by: .A V\ ‘I S’{Q’C‘aﬂ\r\\(a

Preparation date:! Jea~ &5}4005

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

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title COO‘M EXPAV\SIDY\ /Conﬁac/vm TM

Vessel Number NMI-o \ %) < Obtain from Division/Section Safet

Vessel Drawing Number 7\)07\& '

Maximum . Allowable Working Pressures (MAWP) :

Internal Pressure I&S P.5l
External Pressure

Working Temperature Range "&.O °F Q4O °F

contents Coolant? 75%0 woter /25 P pr#Pv“’“ R 2 IV‘:@"’
De51gner/Manufacturer WGSSB(S COW\‘P@Y\L{ A
wno 14-3

Test Pressure (if tested at Fermi) Acceptance <Document per Chapter 5034
Date:___ of the Fermilab ES&H Manual
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

of Division/Section : Date: <—Actual signature required

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

Reviewed by: W Date: >j"" A= 05

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

Date:
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PRESSURE VESSEL ENGINERING NOTE - 09 L 1/ 9

PER CHAPTER 5031
Prepared by: V\ N S‘{€£ (4.7 4%) k

Preparation date: | Joa~ &6 2005

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

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title COO\M EXPan sion /COn'ffac)"M TM»@_

Vessel Number N N\j— O \ 5 «—Obtain from Division/Section Safet

Vessel Drawing Number Noh& '

Maximum . Allowable Working Pressures (MAWP) :

Internal Pressure 15’5 P,Sl
External Pressure

wWorking Temperature Range "o'z 0 °F 240 °F

Contents COOIM 75 %0 wai'ex* /3570 PL”P‘IMQ & I_\/Cot
Designer/Manufacturer WQSSQLS COMPG;Y\U '
Greenwood., IN 46143

Test Pressure (if tested at Fermi) Acceptance «Document per Chapter 5034
Date: of the Fermilab ES&H Manual
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

of Division/Section : Date:____ <—Actual signature required

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

Reviewed by: /QM/ é /% ) j Date: j"‘)“ 06

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

Date:
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3. System Venting Verification Provide the vent system schematic. E;/Q7

Does»;be venting system follow the Code UG-125 through UG-1377?
Yes No

Does the venting system also follow the Compressed Gas Association Standards
S5-1.1 and S-1.3?

Yes No v

A "no” response to both of the two broceeding questions requires a
justification and statement regarding what standards were applied to verify
system venting is adequate.

Onifice

List of reliefs and settings: f&YfRK.
or
Manufacturer Model # Set Pressure .Flow Rate Size

)

) Cros\:;; A91507MD__125psi 0.503in" Y2 x 2¥a
See pages G oy 7 for 991307MD specs.

o ScBIO TR
é) Fanﬁol'bw:ces).t.nc..—omas [25psi A6 2 74" LET

*S&MMM specs.

4. Operating Procedure

Is an operating procedure necessary for the safe operation of this vessel?

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

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, Used and Unmanned Area Vessels

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

If "Yes", follow the requirements for an Extended Engineering Note for
Existing, Used and Unmanned Area Vessels. :

7. Exceptional Vessels

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

If "Yes", follow the requirements for an Extended Engiheering Note for
Exceptional Vessels.
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CROSBY

Features

* Relieving capacities certified by
National Board of Boiler and Pressure
Vessel Inspectors. Certification includes
air and steam for Series 800, and air,
steam and water for Series 900.

Valves manufactured in accordance
with the requirements of ASME Boiler
and Pressure Vessel Code Section Vil
and Section {lI.

Superior seat tightness. Precision
lapped flat metal-to-metal seats, or
elastomer or TFE O-ring soft seats
provide the ultimate in seat tightness.

* Maximum corrosion resistance. Trim
components are stainless steel as
standard. All 316 stainless steel,
Monel®, Hastelloy® and NACE*
optional constructions are available.

* Spring standardization. Standard Series
800 and Series 900 OMNI-TRIM®
pressure relief valves are suitable for
inlet temperatures to 750°F [399°C],
using a 17-7PH stainless steel spring.

* Positive built-in lift stop.

* Fewer parts result in increased
reliability and ease of maintenance.

* Series 800 pressure relief valves have
an external blowdown adjustment
allowing for short blowdown, smaller
differential between operating and set
pressures, and reduced product loss.

* Series 900 OMNI-TRIM® valves use a
. single trim design for liquid, gas and
vapor services.

* Series 900 OMNI-TRIM® valves
provide reliable blowdown without the
need for adjustment.

* Contact the factory for compliance to NACE
MR-0175-2003 or later requirements.

OMNI-TRIM® and Crosby are registered
trademarks of Tyco International Services AG or
its affiliates in the United States and/or other
countries. All other brand names, product names,
or trademarks belong to their respective holders.

tqca / Flow Control

s =~ . LI N - ——

Crosby Series 800 and 900 OMNI-TRIM®

Pressure Relief Valves

6/9

Crosby’s Series 800 adjustable blowdown and Series
900 fixed blowdown OMNI-TRIM® pressure relief valves
have a simplified, single trim design with superior
application versatility.

Table of Contents

Materials of Construction — Series 900
Caps and LIING LOVETS ..ot e
O-ring Seat Materials with Pressure and Temperature Limits
Specifications — Series 800

Threaded and Flanged Connections (USCS Units)
Threaded and Flanged Connections [Metric Units]
Specifications — Series 900

Threaded and Flanged Connections (USCS Units)
Threaded and Flanged Connections [Metric Units]
Capacity Tables — Air, Steam and Water

USCS UNIS oottt e 18-20
MBITIC UNIES ...t e 21-23
CoNfIQUIALIONS ...t 24
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Crosby Series 800 and 900 OMNI-TRIM®

Pressure Relief Valves

Series 900 OMNI-TRIM® Style Designation

3

1st Digit 2nd Digit 3rd Digit 4th Digit 5th Digit 6th Digit 7th Digit 8th Digit
Series Effective Ma);::um Seat Materials of Connection Connection Caps and
ifi i ion3 7@ - 7 4,58
Orifice Area Pressurezs Materials Construction Size - NPS Type Levers
1-1500psig. 1-Metal . 0-12x1

1‘

How to Order

Example 1: To specify a 3/a x 1 MNPT x
FNPT Series 900 valve with a 0.074 sq.
in. [47.74 sq. mm] effective area, BUNA-
N seats, all 316 stainless steel materials,
standard threaded cap, process fluid
operating temperature at 150°F [66°C],
and set at 175 psig [12.07 barg], use the
following style designation: 951211MA

Example 2: To specify a 11/2 x 2 MNPT
X FNPT Series 900 valve with a 0.307
sq. in. [198.0 sq. mm)] effective area,
metal seats, standard materials, packed
liting lever with test rod, for saturated
steam service set at 200 psig [13.79

barg], use the following style designation:

981105ME-STM

¥4 x1

. For steam service a 17-4PH disc holder is

10.

used. Add — STM after style designation.

Maximum set pressure for steam service is
1000 psig (68.95 barg].

See page 7 for complete listing of materials
of construction.

Optional flange facings (such as ring type
joint, 125-200RA), if required, must always
be specified.

Optional flange materials (such as Monel® -
and Hastelloy®), if required, must always
be specified.

See pages 14 - 17 for appropriate maximum
set pressures.

See pages 14 - 17 for appropriate inlet and
outlet sizes for each effective orifice area.

Consult Crosby for materials, and center to
face and height dimensions for socket weld
(SW) connections. Weights are the same ar
for threaded connections.

Not available with soft seats; contact the
factory.

Contact factory for compliance to NACE
MR-0175-2003 or later requirements.
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System Venting Verification

"The water/glycol coolant piping schematic is on page 9. The tank (bladder, hydro-
pneumatic type) is on a dead-end line connected to the pump suction line. Coolant does
not flow through the tank. The only movement of coolant between the system and the
tank is the expansion or contraction volume caused when the coolant circulating in the
system changes temperature. The compressed air system used to pressurize the tank for
operation is discussed below.

Sources of overpressure are thermal expansion, fire and the compressed air system.

Thermal expansion is not a problem. The tank is at most half full. It can easily handle the
system expansion/contraction volume of 10 gallons when half full. Expansion/contraction
volume is calculated in PPD Mechanical Department Engineering Note MD-ENG-042
Section 25.4. It is included in Appendix AA. The Crosby 991307MD relief valve is large
enough to handle thermal expansion because any thermal expansion rate will be lower
than the relieving capacity calculated for the fire case. \

The Crosby 991307MD relief valve is sized for displaced liquid relief from the bottom of
the tank during a fire. The Control Devices Inc SCB7510-0A125 relief valve is sized for
vapor relief from the top of the tank during a fire. For the fire calculations, it is assumed
that the vessel is full and 100% of the external surface area is exposed to fire. The relief
valve sizing calculations are in PPD Mechanical Department Engineering Note MD-
ENG-042 Section 25.6. It is included in Appendix BB.

Some of the system piping is above the expansion/contraction tank. Thus, the tank must
be pressurized to keep these sections of the system full of coolant. Compressed air is used
to pressurize the tank. The compressed air system is described in the FESHM Chapter
5031 Pressure Vessel Engineering Note NMI-015. According to the EN, free air flow for
the Ingersoll-Rand Model SS3L3 compressor at 90 psi is 11.3 c¢fm and is 10.3 cfm at the
maximum pressure of 135 psi. Also, capacity of the relief valve that protects the air
receiver is 129 scfm at a set pressure of 150 psi.

The Ingersoll-Rand specification sheet for the Model SS3L3 compressor is in Appendix
CC. The flow is specified as 11.3 ACFM at 40 psi. This is equivalent to a standard flow
rate of about [(40*1.1+15)/15]*11.3 = 45 scfm at a set pressure of 40 psi. The standard
flow rate at a set pressure of 125 psi is [(125*1.1+15)/15)*11.3 = 115 scfm.

A relief valve, Control Devices Inc SCB7510-0A125, is installed at the top of the tank to
protect it while using the air compressor to pressurize it to the operating pressure. Tank
normal operating pressure is under 50 psi and the maximum operating pressure is 75 psi.
A pressure gauge is installed to monitor tank pressure while it is being charged. Capacity
of this relief valve is 496 scfm at a set pressure of 125 psi. Thus, this relief valve has
330% excess capacity above the air compressor flow rate of 115 scfm. Relief valve specs
are in Appendix DD. As shown in Appendix DD, the SCB7510-0A125 has a steam
capacity of 1,620 Ibm/hr. Thus, this relief valve has 250% excess capacity for the fire
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case where steam is relieved from the top of the tank. A smaller relief valve can be used
to protect the tank for the two cases discussed in this paragraph. However, the SCB7510-
0A125 is the smallest valve I could find with a single outlet port. The outlet port will be
used to direct relief valve discharge flow away from an area that can be occupied by
people.
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SUBJECT
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Appendix AA

Fermilab

Particle Physics Division |
Mechanical Department Engineering Note

Number: A MD-ENG-042 Section 25.4
Date: October 29, 2004 |
Project Rcferenc’c: i)esign/lﬁtégratioh of Target Pile Cobling,
- » WBS 1.1.2.1.8.5, UID 74239
: Projéct: | NuMI
Title: Size coolant expansion tank
Author: - Andy Stefanik ﬁMf
Reviewer:
Key Words: expansion, contraction, chilled \;vater, _chiller, pump, coolant,
glycol
Abstract Summary: An ASME, bladder, hydro-pneumatic tank is used. An

expansion/contraction volume of 10 gallons is enough to
handle the system temperature range. A 130 gallon tank is used
to minimize the variation in system pressure as the coolant
volume changes.

Applicable Standard:
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COOl}W% CMS: Q%%* ca.;g? R Tl %3 |

FERMILAB h SECTION PROJECT . SERIAL-CATEGORY

25  ENGINEERING NOTE | )

SUBJECT

NAM!

Size EXPaMsTvY\, Tank, | 3

REVISION DATE

5l 24/5¢

5\15+€/yy\ \Volume_ | . |
?ivﬁvj.* follow wedzr/glgce( coolamtk PPy AP cale,

Fas | o
11 wpper Hube : (50 b :;Lx_;..1.72ih‘)(,=‘a,l°17;m":$.é
pper 4 2. LT 3.4

* 2% Coppur tuber B friain, .bbin 13,4201 = 7.8

| T\\HQJ\%H‘O‘F WEkr in
aco\s Namdav Awg
37086230100,

e Chille wmpS (Bob Rowald: .[..,* e B :F.{’s
s (B Roplds ectimate)
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* FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE
?E ENGINEERING NOTE 2|
SUBJECT NA:LZIM 5 | N
10/2-9/6 &

[Versity 2 644 Lin/pin @ 30°F = g,
| "])msﬂr«& z 63,3 Léh%ﬁr"@ Joo °F = P‘L

(I Vey = Vs LCR/p 1] }/ Vo /2

Voluwma duw&e_
Use 250 rﬂm = 33,4 047
stw = 3p0°F |

Hr% —l—bwf = SP°F process, [00°F moy shutdown,

EX’,‘DM$/MW vo heime. ﬁr e #»vé
Vigs & § Vs L(Pi/pr)=1T - 2B ]
=] as’oﬁxg [(64'.4-/6‘3’.3)4]3

= 911 golloms

Ex’pmsmw fank. voluma ‘FD"‘ Whraa/vw +oni

- (F1/Py) /~(P/P
|- ( FI/PQ e Vio _ B
> Vtp 7 AV4ED Fa

> PL g P‘/)/’ o\lu:l
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3F ENGINEERING NOTE | |3
SUBJECI’ NAM. 5
DA‘;Eo /w /0 . 4, REVISION DATE

For s Systen.
Ta_: —_— P' —_— = F; .

|- &1 |- €35

2 Ve Vip

b= 5 Poi \9.3 Poie
\)-h;; P.




A FPMX E:B__ Relief valve calewdations

o

.Cor COD‘M EX‘FC«M$70’\/

¥ Fermilab Tank start on page 4,

Particle Physics Division

Mechanical Department Engineering Note

Number:
Date:

Project Reference:

Project:
Title:
Author:
Reviewer:
Key Words:

Abstract Summary:

Applicable Standard:

MD-ENG-042 Section 25.6
December 14, 2004

Design/Integration of Target Pile Cooling,
WBS 1.1.2.1.8.5, UID 74239

NuMI

Water/glycol coolant system relief valves

Andy Stefanik  AMS

Rafael Silva ' Q{p
relief valve, chilled water, chiller, pump, coolant, glycol
The relief valves are sized. Only two conditions need be
considered to size all of the relief valves in the water/glycol

coolant system: fire and thermal relief.

Copper tube dimensions can be found in MD-ENG-042 Section
25.2.

ANSI/API Recommended Practice 520 — Recommended
Practice for the Design and Installation of Pressure-Relieving

- Systems in Refineries Part 1 Sizing and Selection, and

ANSV/API Recommended Practice 521 — Guide for Pressure

~ Relief and Depressuring Systems.



FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

2= ENGINEERING NOTE | | /

SUBJECT

Size pressure relief valves {or 757, [“Anys

NM’Q/V X5 70 PMPW e,?/\,wé ?’P% ’A§~/I4«/04’ REVISION DATE

7.0

Air cajl PIPIhg—
Line size : Jh" nomindd djpmter wp/o-br%ube :

’D= 1.6as”, Type K
Surface area erposed to a fire 4 /'\u/(ﬂ\% rake
Length 15 < 25
As= 100 L= T (Lbasya)fr (2556) = 1] f42
Q= heating Jue Yo fire= 2,000 4°%*  (APT-520)

0.9 2

K= Zlooo (11)"" = /50,000 Bhy/r

Eelief vale Clow vete

sed pressupe = 260 Psi

ke//iwm& pressure = 200( 1LY = 240 Fsig = 254 Fsiau
Leknd heat = 823 Bru/Lbm (@ 2SS psio- P[g= 403 °F

= 863 °R
= /50,000 &fu_, Lbm )55 u»/
hr 823 B4 r
Size r-&[l’C'{‘V@é\}b (APi—gg_D)
Lb e —
A= WwAT2 . 185 TRr N(B63°R)0) = 0.0/8in"

CEPVI Saq(esNas4psa) [78
=> (Ase AL -4 ov'\,{;\‘oe,)_ A= 0.049 in*t orla raer
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FERMILAB SECTION PROJECT SERIAL-CATEGORY

1‘-‘ ENGINEERING NOTE

PAGE

L

SUBJECT

NAME

9
2 //4/04'

REVISION DATE T

/64&4) room\. SMFPD&’ ‘:rﬁmdav

Lint s/2¢: 2A" nimined digpeter caﬂ»e/v- +uke
obD= 2.028" 7%{ K_

Surface area w/wsd foa foe ¥ wmas,
ngzfﬁ < sp!

As= T (2035/12) (D) = 35 L+™

Q= 21,000 (35)%" = 394,000 [s’»/«,/ér

| Relief valve fiow rate

Se,i‘ Pre,‘ssure. = 00 Ps«' on suﬂab? F'Fmﬁ .

mz 390,000 _ 495 Lim/)
523

-|Ssize velief valye

A"‘— 476‘ kgé ‘-r :0-047/—)(/1
247 (0.8)(254) 18’

=>Use APIL - 4’0r:‘fic¢) A= 0,041 D’J; or /ng

Relieving pressure = 200 (15) =40 psig 2 254 psia
v r | pog =254 p
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# ENGINEERING NOTE

FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

3

SUBJECT

"AMS

DIA1:2E///¢/0# REVISION DATE

/QMJ Room. rdum//m‘/:v‘n/, - Semt Line size as §2.0.
From §20% Q=3%0,000 Bh/hr
WT&?ﬁVdUQ «ﬁlqca rale
Seft ’]DreSSum = /Qf/osi on rM[th, P/‘/bﬂqé(,
Ro;lfe;vMJ/Pr&ssure = /o??(/' 'l) ’/5‘0/35,' > /4 4/35;4.«
Lotowt keet = 857 Biw/lim @ /64- Psia - Ts = 364°F

. | =¥26°R.
M= 290,000 - 455'4‘%

r

857

o Size re[ie,-ﬂ velye

A= 455 /82000 - 0,0bF"
247 (08)(164)\[i7

= Us¢ APL D-o»iﬁia_, A=0,1l & or '@%
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* FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE -
B¢ ENGINEERING NOTE 4
SUBJECT ;! 6 _
19/14/0¢

! ﬁe/;ef valve Ll rate

Ex Famsi e TM i RAW  Roowm
“Tardt dimemsims ¢ See page S.
Bt surfece = TDL + & (surfoce area of 1 heed —pege '3)

= (3 ")(%’-f) +20715) = @I+ 3.5= 34, 5™
Use dotal surfaceareas 36 £t Lrom Pre(‘mmwj cales.

Surfece area %fosuQ o a g\re | Ma}&mj rate

St welted surboce ovee ~:wi<¥o bl surface area . Nofe:

This is censervotive i_;,.-fﬁl ’H\L We# CA surfuce area is af |

most Yo o % of +the ot
B oo (363)° - 398, 500 Bhe/ir

Zet pressure = 125 &
Ee,lz’wtw? pressure = |25°(12) = 15D psi = 164 psia

q'y\ Z’ 900 - é)g me
e - s,

g,&& l“(,[ ?/g Va/tU\( - \l"“?or V‘@‘, C{" (Q&l L]ﬂ valve ’hmu»#'ﬁ,& ‘

top of +he vessel.)
As 465\ 826(1) _ ,0‘77/1 ‘
37 (o, g;umr

= Use AFI D-orifice, A= 0410 m*




Thrush P;;%{Q °

5
Company, Inc. Iyl 4/04'

Bladder Hydro-Pneumatic Tanks
125, 175, & 250 PSI ASME >

For Well & Booster Systems

LIFTING

MAXIMUM OPERATING RING CHARGING VALVE
CONDITIONS
CHARGING VALVE Working Tem. 20DegF NP
-\
LIFTING RING Working Pres. | 125 W/ PLUG \ |
| . ()] 175 A ' $
L hew . 250 LIFTING F
heo "l RING — A

A= MATERIALS OF B
B CONSTRUCTION
Shell Carbon Steel
e (with epoxy wetted parts)
< &
2\ hewt oo Butyl (FDA Listed) ’
¢ V\M Finish Primer Painted Exteri i %
sl er Pain enor
_’ - SYSTEM ( ) N
D CONNECTION 0 ] _ T ;__
SYSTEM :
W-447C THRUW451C , CONNECTION -
W-452C THRU W-457C
.v A
S“\f’,“ l%@“k =3\ ' (wmeas qu—Af
ASME FIXED BLADDER :
DRAWDOWN . Shipping Weight
3 "A" "B | "Cc" "p" 125 PSl 175 PSt | 250 PSI
Model Gal. | Accept. 20/40 | 30/50 | 40/60 (inches) | (inches) | (inches) | (inches) |  (Lbs.) (Lbs.) (Lbs.)
W - 447C 53 37 19 16 14 7 24 43 ’ 210 230 270
W - 448C 80 56 29 25 21 55 1-1/2 5-1/4 225 270 340
W - 449C 106 74 39 33 28 49 300 370 455
| —*W - 450C 132 92 48 41 35 30 57 330 420 515
W - 451C 158 111 58 49 42 65 2 4-3/4 360 575 780
W - 452GQ 211 148 77 65 . 57 63 475 680 Q00
W - 453C 264 185 97 82 71 36 87 735 790 1050
W - 454C 317 222 116 98 85 98 8-1/2 745 910 1200
W - 455C 370 259 135 114 99 111 3 900 1020 1350
W - 456C 422 295 154 130 113 48 84 8-3/4 1210 1360 1790
W - 457C 528 370 193 163 142 96 1305 1600 2100
Notes: Tanks are factory pre-charged at 30 PSIG  Charging Valve: .302"-32NC 'A?P.
1
) ) ) L] \ x - 7_ ( - 3} A
SurLace ovea ot 2.1 \'\em\-e)g\\VSmA&Q heod =T R [+ K (= 1}4 )
L]
R= 30 -5t k=i . = (.25 LI+ (-
- 2. =}, ) == v
20 - = 675 ft*

.1




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

# ENGINEERING NOTE

. - DATEkM\S REVISION DATE
| 2/ /4«/04—

Size rediet yalve— /{,i’s/o laced L«‘“Zu,i rel rufl
M‘u\mi&A Vapor danssi +13’ ak- r@hwaw} conditions = 0,36 s _&3
[ Volumerre displocercntkrate. 465 UG 00 | ke

oium ’ © )ﬂr 0.3bL W™ GO M

y 7,451 lél
See AFFM)CB 64

Por Lunkle n)@ma' chart Lo lrg uid velief, use e
G-orifice . The ligurd Flow is /75(/,;4;)« 183 g
(a0 accumandeATon > S

. 51,2,& re [ie{ \/a/(’/\/-e. - «Cd&kﬁ\é -Q(sm/‘

Tw He o Previous Cdcs) He velief valve was sized
on Hu basis o'F \/a/pm rel’ e—ﬁnl and MJWA. redi 74

o'nl? Now its Hwme {o considar ﬁclash\ng
relief value, whare the valve w:ll be M/(,{c/vim(f_ bo Hr

vapor cw,Q l:?,uwtdi-f-ﬁ—e. Save +Hime

Fg\\o\u the recommended Praz/ﬁ‘&e_ in ApT- 5;1{
GQuida. L, Pressure - Rﬂ/lceumgf and 'Dcpve,ssurrng_ S%stﬁms

§3.47.1. See AFPW)(, C.




* . FE RMILAB SECTION PRQJECT SERIAL-CATEGORY PAGE
2F ENGINEERING NOTE | 7

- :T:Am 6 éEVlSIO
12/ 14/0¢

Chladode tha citizoR precsure , PP

.?3

K }
Al _ & 1334 = 0.5 ¢
@‘ Pro GErT

=054 po = o s4¢ 6164(35166) = 89 psia
ND’«L. Po s +Hhe Vd»wwxg Pvassw&. (3 > back pressure .

Nopov Qf"'m: aA s - 'A, .
°f’ r&fw%ng mﬁ@ ‘édf}

pressuy pressure cri ticed
Presswé

_\IAfor -(:ra,‘ct?ak = 328.2-a87.9 _ o085
89s, %

Li?/'wiéq -Cn,oﬁm - I—u, 05' = 0,95

SO ;’70 ch —IL& T™aSS5 ‘Q@w Yl-/-(ﬂ Qajm -(»b vav?or
as :(—fassss Mmcﬁﬂ +e relief va|ue,

Calewtate Hu ovifice area r&zwrf/\ to refieve e
\/a/Jor jﬁ/ouff

| %1 vapor = 005 (16/ AT G0y, 0,36 L
vaper ??fn/) atlgd yo
= 23 Lbh]/ﬁr'

AV&(:OF = A3 \Z&Zé(') - 0,004 /7;_"

347 (0.9) (/63) \[jg
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The ligwid Flow vate s 475 (1045) > 183 qprm of

20 7o accwww(dfbw The v‘&f—‘w%? orifice aredllis
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) |
/L;"’PQ ‘(&f/uW”f—& aviéf"&e Gyl ',
0004+ 0.4Lx = 0.466 7" =

Conclusion. fov § 4.0 for Kunkle relief valve

= (USe. Kunkle é»\\oriwci(,e) A=0.553 i1 or larg«ex

The \\ wid sizing calculahion. s based on fhe
orific area am{, 1he cavrc/.séommn - Jetter
dLGS?ﬁ\ on-for aa Kunkle UrefiefYalve.
Tf a &{%aw braad of refief valve i3
Puv-d\as&& % a different ,&#orptasz e
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OMNI=TRIM refied valve .,

/4\/0(%!’ 0.004m* - §W o jl;\r +he /(LMU-L \lder
Pege G-

D vy He ‘C()YMAJ»Q«Q dv i ¢CvéSE
re|r e-@A-F -ﬁ /ZL%A relief, * ik -

A s aPMm NE _
2814 KuKyvafAp
Ky = 1.0 (Ne%b‘\a\,;bl»e, Ma«lc‘(oresswe)

KV = I'D (FD‘( hoM-Viscous ‘p{’u'id)

6 = 50)&11»\'1}4—9\ (!MA Mswl—q a)l’ Y@lAWﬂftq CMAJ‘#IO'IS
é24
| 55

- 0.8
62 4

A= |53 \/0,_8_8;_ - 0.416 nz
284 ()(1) NITHE)

Totad required or fice area= 0.004+ 6410

=0.424n*

Conclansion. qﬁov §4.0 Lor C\-os relief valve

T Use CtoSEav —9 orifice ; A= 0,563 AnTgr larger‘.
| Node t APT G-orifice avea s 02503 m™




Appendiy A

MISCELLANEOUS FORMULA

1. Area of Roofs.
Umbrella Roofs:
D = diameter of tank in feet.
Surface area in | { = 0.842 D? (when radius = diameter)
square feet [ | = 0.882 D* (when radius = 0.8 diameter)

Conical Roofs:
Surface area in } { == 0.787 D* (when pitch is 3} in 12)

square feet = 0.792 D* (when pitch is 114 in 12)

2. Average weights.
Steel
Wrought iron —485 pounds per cubic foot—specific gravity 7.77
Cast iron

1 cubic foot air or gas at 32° F., 760 m.m. barometer = mole-
cular weight x 00027855 pounds. :

—490 pounds per cubic foot—specific gravity 7.85

—450 pounds per cubic foot—specific gravity 7.21

3. Expansion in steel pipe = 0.78 inch per 100 lineal
feet per 100 degrees Fahrenheit change in temperature

- .= 0.412'inch per mile per degree Fahrenheit tempera-
ture change. :

4. Linear coefficients of expansion per degree increase
in temperature: ‘
Per Degree Per Degree '
. Fahrenheit Centigrade
- STRUCTURAL STEEL—A-7
70° to 200° F.._.. .. 0.0000067 —
21.1°t0 93° C — 0.0000121
STAINLESS STEEL—TYPE 304
32°10932°F .. ... 0.0000102 L=
0°tS500°Co — 0.0000184
ALUMINUM '
—~76°t068°F....... . ... 0.0000120 —
—=60°1020°C.ooo oo — 0.0000216.

5. To determine the net thickness of shells for horizontal
cylindrical pressure tanks:
__6PD
s
P = working pressure in pounds per square inch
D = diameter of cylinder in feet
S = allowable unit working stress in pounds per square inch
T == Net thickness in inches

Resulting net thickness must be corrected to gross or actual
thickness by dividing by joint efficiency.

6. To determine the net thickness of heads for cylindrical
pressure tanks:

(6a) Ellipsoidal or Bumped Heads:
- 6PD
=3 ' A
T, P and D as in formula 5

(6b) Dished or Basket Heads: _
1 — 10.6P(MR)
o S

T, S and P as in formula 5
MR = principal radius of head in feet A

Resulting net thickness of heads is both net and gross thick-
ness if one piece seamless heads are used, otherwise net thick-
ness must be corrected to gross thickness as above.

Formulas 5 and 6 must often be modified to comply with
various engineering codes, and state and municipal regulations.
Calculated gross plate thicknesses are sometimes arbitrarily
increased to provide an additional allowance for corrosion.

| /MS
12/ 1 /o

7. Heads for Horizontal Cylindrical Tanks:

‘Hemi-ellipsoidal Heads have an ellipsoidal cross section, usually
with minor axis equal to one half the major axis—that is, depth
= 14 D, or more.

Dished or Basket Heads consist of a spherical segment nor-
mally dished to a radius equal to the inside diameter of the
tank cylinder {or within a range of 6 inches plus or minus)
and connected to the straight cylindrical flange by a “knuckle”
whose inside radius is usually not less than 6 per cent of the
inside diameter of the cylinder nor less than 3 times the thick-
ness of the head plate. Basket heads closely approximate hemi-
ellipsoidal heads.

Bumped Heads consist of a spherical segment joining the
tank cylinder directly without the transition “knuckle” The
radius = D, or less. This type of head is used only for pressures
of 10 pounds per square inch or less, excepting where a com-
pression ring is placed at the junction of head and shell.

(7a) Hemi-ellipsoidal Heads:
S=~R1 4 K*2—K)}
S = surface area in square feet
R = radius of cylinder in feet

H Surface Area of Heads:

straight flange) to.the radius of the cylinder

practical accuracy.

(7b) Dished or Basket Heads:
Formula (7a) gives surface area within practical limits.

(7¢) Bumped Heads:
S=*R'(1 4K
S, R, and K as in formula (7a)

Volume of Heads:
(7d) Hemi-ellipsoidal Heads:
V=1%rKR
R == radius of cylinder in feet
K = ratio of the depth of the head (not including the
straight flange) to the radius of the cylinder

(7¢) Dished or Basket Heads:

Formula (7d) gives volume withip practica] limits.
(7f) Bumped Heads:

V=KxKR Q1+ KK

V, K and R as in formula (7d)

Note: K in above formulas may be determined as follows:
Hemi-ellipsoidal heads—K is known

Dished Heads—K = M— V (M~-1) (M + 1 = 2m)
Bumped Heads— K = [M— Vv M)
‘MR = principal radius of head in feet
mR = radius of knuckle in feet
R = radius of cylinder in feet
MR mR
M= =3

m=-—

R

For bumped heads, m == o

8. Total volume or length of shell in cy'lindrica’l tank’
with ellipsiodal or hemispherical heads:

V = Total volume
L = Length of cylindrical
shell

KD == Depth of head

x D?
V:—4—(L+11/3KD) !52 L I

= D? .
L=(v=+ 7 }) =14 KD

K = ratio of the depth of the head (not including the .

The above formula is mnet exact but is within limits of -

9



Kunkle Safety and Relief Products

A@')MVX B |

‘Model 900 -

- >apacities - Models 910, 911, 912, 913, 916, 917, 918 an & ; ‘ 4
: . 13 vo
ASME VIl Liquid (English, GPM) - Flow Coefficient = 0.710

Set Pressure Orifice Area, in2 — 1. No code stamp or ‘NB’ on nameplate below
(psig) D E F G H Cd 15 psig set.

V 2. Pressure Limitations
(01213) (02157) (0.3369) (0553) (0.864) (1.415) B e 0 9o

15 14 25 39 _ 63 99 162 Model 911, 917: 3 to 900 psig
AR R, e ’ ‘Model 912, 918: 3 to 300 psig
Model 913, 919: 3 to 900 psig
GUE el AT Ty B A o S TR 3. Liquid conversion factors to determine liquid
26 45 71 116 181 297 wpgxcity at other thar_u 10% accumulation,
S R M SR R R o : 1.022 = 15% accumulation
1.045 = 20% accumulation
,» : » » — 212 . 347 " - 1.066 = 256% accumulation (see page 20)

25 38 68 107 175 2713 448

175 45 81 126 207 323 530

5 s2 92 . 143 235 37 601

275 57 101 158 250 405

375 67 18. 185 303 473 775

425 71 126 . 197 323 504 825

45 75 133 208 341 533 873

Copyright © 2004 Tyco Flow Control. All rights reserved. Ll KUKMC-0392 -
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t = depressuring time interval, in hours (usually as-
sumed as 0.25 hour).
V =volume available for the vapor, in cubic feet
(cubic meters).
W = vapor flow rate per unit of time, in pounds per
hour (kilograms per hour).
Wt = weight of liquid or vapor, in pounds (kilograms).
X = weight fraction of the initial liquid in the system
vaporized due to depressuring (dlmensmnless)
z = compressibility factor (dlmensxonlcss)
A = difference. for example, AT, =T, — T..
\ = average latent heat of the liquid. in British ther-
mal units per pound (kilojoule per kilogram).

3 16.3.1 Superscript
= total number of vessels in the depressuring system

3.16.3.2 Subscripts

a= ongmal condition at the start of the depres-
suring time interval, assumed to be the satur-
ated vapor-liquid equilibrium condition with re-
spect to temperature and pressure.

b = depressured condition at the end of the depres-
suring time interval.

d = relating to the density change. of the vapor due
to pressure reduction.

f = relating to vaporization from the fire.

i = individual vessel of the system if more than one
vessel is involved and needs to be considered
separately because of differing fluid properties,
insulation for fire effect, or related factors.

L = liquid.

n = depressuring step of many steps between the
original condition and the depressured condi-
tion.

n — 1 = depressuring step preceding Step n.

v = relating to liquid flash or vapor generated from

pressure reduction.

3.17 Special Considerations for
Individual Valves.

Sizing procedures for pressure safety valves are cov-
ered in API Recommended Practice 520, Part I, Section
2 and Appendix C [1], with the exception of the follow-
ing circumstances.

3.17.1 LIQUID-VAPOR MIXTURE AND SOLIDS
FORMATION

A pressure relief valve handling a liquid at vapor-
liquid equilibrium or a mixed-phase fluid will produce
flashing with vapor generation as the fluid moves
through the valve. The vapor generation may reduce
the effective mass flow capacity of the valve and must

be taken into account. The quantity of flash vapor is
commonly calculated based on adiabatic flashing from
the relieving condition—either to the critical down-
stream pressure (the critical drop across the valve ori-
fice) or to the back pressure, whichever is higher—and
on an orifice area calculated for that vapor flow using
the same pressure drop. An area is also calculated for
the remaining liquid quantity (after flash) under re-
lieving conditions usmg ‘the total pressure drop (the
relieving pressure minus the back pressure). The orifice
selected should have an area equal to or greater than
the sum of the individual areas previously calculated.
The designer is cautioned to investigate the effects of
flow reduction or choking. Choking occurs at a point in
any flowing compressible or flashing fluid where the
available pressure drop increment is totally used up by
accelerating the flashing fluid. Therefore. no additional

pressure difference is available to overcome the friction

in the incremental line length.-

Calculations for determining properties and for han-
dling liquid-vapor phases, as well as their use in sizing
relieving devices, are cited in 6.4 and 6.5. If manufac-
turers’ charts or tables are used, the same overpressure
should be used for both sizings because vapor capaq
are normally tabulated at 10 percent overpressu.
whereas liquid capacities are usually tabulated at 25
percent overpressure. Since the percentage of flash
across the valve is indirectly a function of the size of the
discharge line, the effects of vapor suppression should
be considered. The use of a balanced safety relief valve

b

is suggested to minimize the effects of flashed vapor on

the valve capacity.

Generally, the most economical valve size (for bal-
anced safety relief valves) is one that occurs at approx-
imately 30 percent back pressure (see API Recom-
mended Practice 520, Part 1. Appendix C [1]). Further
suppression of flash by reducing the size of the dis-
charge piping (never less than the size of the valve out-
let) may be more economical, although the effect of
such changes on the performance of the relief device
must be considered.

Some fluids, for example, carbon dioxide and wet
propane, may form solids when discharged through the
relieving device. There is no uniformly accepted meth-
od for reducing the possibility of plugging.. .

3.17.2 LOCATION OF A PRESSURE-RELIEVING
DEVICE IN A NORMALLY LIQUID SYS

Where valves or other devices are sized to relieve
vapors caused by vapor entry or generation of vapor in
a normally all-liquid system (see 3.7, 3.9, 3.10, and
3.16). care must be taken to locate the device so that it
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Liquid Sizing
Spring Loaded Valves
Styles JLT-JOS, JLT-JBS, Series 900 and Series BP

The following formula has been developed for valve
Styles JLT-JOS, JLT-JBS, Series 900 and Series BP
pressure relief valves using valve capacities certified by
the National Board of Boiler and Pressure Vessel Inspec-
tors in accordance with the rules of the ASME Boiler and
Pressure Vessel Code, Section VIII. This formula applies
to, and is to be used exclusively for, sizing Crosby Styles
JLT, Series 900 and Series BP pressure relief valves for
liquid service applications. Valve sizing using this formula-
tion is not permitted for overpressures less than 10%.

GPM VG
28.14K K, VAP

Where:
A = Minimum required effective discharge area,
square inches.
G = Specific gravity of the liquid at flowing conditions.
GPM = Required relieving capacity, U.S. gallons per
minute at flowing temperature.

AP = Differential pressure (psi). Thisis the set
pressure (psig) + overpressure (psi) - back
pressure (psig). Pressures expressed, psi.

K, = Flow correction factor due to viscosity of the
fluid at flowing conditions (see page 7-7).

K, = Capacity correction factor due to back
pressure on bellows or Series BP valves on
liquid service. Refer to Figure F7-3 on page 7-5.

Note: See page 7-25forinformation ontwo phaseflow.

EXAMPLE #1

Liquid, gpm

Fluid: Sodium Trisulfate
Relieving Capacity: 125 gpm

Set Pressure: 100 psig
Overpressure: 10%

Back Pressure: 0-30 psig (built-up)
Relieving Temperature: 60F

Specific Gravity: 1.23
_ GPM VG
28.14K K, VAP
Where:
A = Minimum required effective discharge area,

square inches

125 gallons per minute

1.23

.866 (Figure F7-3 on page 7-5)

1.0 for non-viscous fluid

100 psig + 10 psi - 30 psig = 80 psi

_ 125 ¥1.23
" 28.14(1)(.866) V80

An "H" orifice valve with an effective area of 0.785 square
inches is the smallest standard size valve that will flow the
required relieving capacity. Since the built-up back pres-
sure exceeds 10% a bellows style valve, Style JBS, is
required. From Crosby Catalog No. 310, standard materi-
als were selected. Therefore, Model Number is 1-1/2H3
Style JLT-JBS-15 valve with a Type J cap.

A
Hunuwnn

= 0.636 sq. in.

EXAMPLE #2
Liquid, gpm
Fluid: Castor Qil
Relieving Cap: 100 gpm
Set Pressure: 210 psig
Overpressure: 10%
Back Pressure: 35 psig (constant)
Relieving Temperature:  60F
Specific Gravity: 0.96
GPM VG
28.14 K, K, VAP
Where: :
A = Minimum required effective discharge area,
square inches
GPM = 100 gallons per minute
G =096

K, =1.0 (Page7-5)

K, = 1.0 for non-viscous fluid
AP =210 psig + 21 psi - 35 psig = 196 psi

10 V096 249 sqin
2814 ()(1)vige o oain

A number "8" orifice with an effective area of 0.307 sq.in.
is the smallest Series 300 OMNI-TRIM valve that will flow
the required relieving capacity. Since the back pressure
is constant a conventional Style JOS or Series 900 valve
can be used. Therefore, from Crosby Catalog No. 902,
select a 981105M-A.
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Correction Factor for Vapors and Gases, K|
Figure F7-2A Figure F7-2B
Style JBS Valves - 10% Overpressure Series BP Valves - 10% Overpressure
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Back Pressure - Percent 40
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Correction Factor for Liquids, K,
Figure F7-3A Figure F7-3B
Style JLT-JBS Valves - 10% Overpressure and Above Series BP Valves - 10% Overpressure
1.00
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Capacity Correction Factor for
Viscosity, K,

CROSBY

Pedibedsi= Al

When a relief valve is sized for viscous liquid service, itis -

suggested that it be sized first as for nonviscous-type
application in order to obtain a preliminary required effec-
tive discharge area, A. From Crosby's standard effective
orifice sizes select the next larger orifice size and calcu-
late the Reynolds' number, R, per the following formula:

U.S.C.S. Units:
o GPM(2800G) _ 12700GPM
= 4 VA =UVA
Metric Units:
R = Q(18800)G R= 85225Q
BRI T U AN
Where:

GPM = Flow rate at the flowing temperature, U.S.
gallons per minute.
G = Specific gravity of the liquid at the flowing
temperature referred to water = 1.00 at 70F
(21C).

A = Effective discharge area, square inches (from
manufacturers' standard orifice areas).

U = Viscosity at the flowing temperature, Saybolt
Universal Seconds (SSU).

4 = Absolute viscosity at the flowing temperature,
centipoises.

Q = Flow rate at the flowing temperature, liters per
minute.

A’ = Effective discharge area, sq. mm.

After the value of Ris determined, the factor K is obtained
from the graph. Factor K, is applied to correct the
*prefiminary required discharge area." {f the corrected
area exceeds the "chosen effective orifice area,” the
above calculations should be repeated using the next
larger effective orifice size as the required effective orifice
area of the valve selected cannot be less than the calcu-
lated required effective area.

Figure F7-5

Correction Factor for Viscosity, K,

10 .

Jde—"]

0.9

08 7

0.7 /

0.6

0.5

0.4

VISC OBITY CORRECTION FACTOR, Ky

10 100

1,000 10,000

100,000

REYNOLDS NUMBER, R

7-1



Pressure RHelier valves

D4-

Water Capacities Series 900 OMNI-TRIM® Valves - USCS (U.S. Customary System) Units M (s
Note: USCS Units for water and liquids are U.S. gallons per minute (1 U.S. gallon equals .833 Imperial galion). IL/‘ 4,/04-'

ater Capacities - Differential Pressures A P7 5-5500 psi?

Di. . : Diff. , o
Pressure Effective Area (sq. in.) Pressure Effective Area (sq. in.) |
1 AP? )
a):i) 0.074 0.110 | 0.196 0.307 0.503 (psi) 0.074 0.110 | 0.19 0.307 0.503
S 46 6.9 N 940 | 638 94.9 160 | - 264 433

1. Differential Pressure (A P) equals inlet 4. The scope of the ASME Code, Section VI,

pressure (set pressure plus overpressure) at does not include pressures below 15 psig and

flowing conditions minus back pressure. therefore pressure relief valves set below 15 I, - - ;
§ See pages 12 and 13 for Minimum and gs'g g(r)? not stamped with the ASME Code Capacities certified by the National Board of
% . ‘Maximum Set Pressure Limits. ymbol. Boiler and Pressure Vessel Inspectors and in
P accordance with the ASME Boiler and Pressure
Vessel Code, Section VHL.

. To determine capacities on liquids other than

water or for fluid temperatures other than
70°F, use the liquid sizing formula in the
Crosby Engineering Handbook.
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All Products @ Electric-Driven Single Stage

Small Reciprocatin
n P 9 Peak HP . HP Voltage Tank
Stationary
Electric-Driven Two
Stage W] Net weight (bs)
Electric-Driven Single
Stage

Electric-Driven Dupiex

UPR Quiet Enclosed Model Tank ACFM @ 40 PSI.  MaxPSI NPT Outlet (in)
Vacuum Pumps

sy
E’J ACFM @ 40 PSI EYi Max PSI [—‘7] NPT Outlet (in) Eﬂ Package Dimensions (L x W x -

- Specifications

SS3L3 60-gal vert 11.3 135 3/8
SS5L5 60-gal vert 18.1 135 12

Qilless

Compressed Natural
Gas

Portable
Rotary Screw

Centrifugal

— Plastic Blow Molding
Air Treatment
System Controls
Pre-Owned Equipment

All Solutions

Parts & Accessories
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Wﬁ%
CAGI
% ms\‘\

wwwcaghorg

View or Download
CAGI Data Sheets
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SWi2 1-1/4" NPT SW12 layout.pdf | 25 - 300 I 2 b,

Model "SCB"

Model "SCB" ASME safety valves are designed for
applications where a piped or directed discharge is
required. Unique O-ring seal insures valve is bubbl
tight to within 10% of set pressure.

1/2" NPT and 3/4" NPT inlets available. Outlet size
are available in 3/4" NPT and 1" NPT.

Precision machined cast brass body with brass
construction and stainless steel springs. O-ring set
available in silicone or fluorocarbon rubber.

Stamped with "UV" and "NB" symbols. Available se

— pressure range 25 PSI to 300 PSI. Set pressure
SCB5075/SCB5010 tolerance +3% of set pressure. 250°F max.
temperature.

Flow Capacity Chart

SCB7575/SCB7510

: : Set Pressure
Part Inlet Size Ou.tlet Dimensions (Range - - Approx.
Number Size . (PDF File) PSIG) Shipping Wei

SCB5075 1/2" NPT 3/4" NPT | SCB5075_Layout.pdf

httrne M ioarnar ~divalua mreaminraduintalacrmalnama lhitna . a¥iala¥iaTaTAYS



Control Devices, Inc. Manufactures Quality Valves

SCB5010 1/2" NPT 1" NPT SCB5010 Layout.pdf
SCB7575 3/4" NPT 3/4" NPT | SCB7575_ Layout.pdf 25 - 300
SCB7510 3/4" NPT 1" NPT SCB7510_Layout.pdf

Page 7 of 7

1-1/2 Ib.

Back to Products

Home | Custom Design | Products | FAQ | Contact Us | Company Profile
Ali contents © 2003 Control Devices Incorporated. All rights reserved.
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SECTION PROJECT SERIAL- CATEGORY PAGE

* FERMILAB
¢ ENGINEERING NOTE

(D1 sq—?d*ta, relie£ valve SCBT510-0AI2S 0572'}/05

REVISION DATE

T Appendix DD Check steam wgad of |"AMS

Lor Hhu Lire, case where enly steam i relieved (Relief walve
mounted on top of Hu uesse.;j)

Steam relieving Capeed <J[Or tank Lire case = 445 Lbm /4
Lo Page. ¢ aj-f +E‘_ relief valve $F-ZM3 calceladions 'l‘r\,/
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APPENDIX 11
CAPACITY CONVERSIONS FOR SAFETY VALVES

111

The capacity of a safety or relief valve in terms of
a gas or vapor other than the medium for which
the valve was officially rated shall be determined by
application of the following formulas:'

For steam,
W, = S15KAP
For air,
M
W, = CKAP | —
T
C = 356
M = 2897

T = 520 when W, is the rated capacity

For any gas or vapor,

M
W = CKAP —
T
where

W, = rated capacity, 1b/hr of steam

"Knowing the official rating capacity of a safety valve which is
stamped on the valve, it is possible to determine the overall value
of KA in either of the following formulas in cases where the value
of these individual terms is not known:

Official Raﬁng in Air

W, W, T
A= —— KA =— [—
51.5P cPY M
This value for KA is then substituted in the above formulas to
determine the capacity of the safety valve in terms of the new gas
or vapor.

Official Rating in Steam
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W, = rated capacity, converted to Ib/hr of air at 60°F,
" inlet temperature
W= flow of any gas or vapor, Ib/hr
C= constant for gas or vapor which is function of
the ratio of specific heats, k = ¢,/c, (see Fig.
11-1)
K = coefficient of discharge [see UG-131(d) and (¢)]
A = actual discharge area of the safety valve, sq in.
P = (set pressure x 1.10) plus atmospheric pressure,
psia
M = molecular weight
T= absolute temperature at inlet (°F + 460)

These formulas may also be used when the required .
flow of any gas or vapor is known and it is necessary
to compute the rated capacity of steam or air..

Molecular weights of some of the common gases -
and vapors are given in Table 11-1.

For hydrocarbon vapors, where the actual value of
k is not known, the conservative value, ¥k = 1.001
has been commonly used and the formula becomes

M
W = 315KAP [ —
T

When desired, as in the case of light hydrocarbons,
the compressibility factor Z may be included in the
formulas for gases and vapors as follows:

,M
W = CKAP [ —
T

GIVEN: A safety valve bears a certified capacity rating
of 3020 Ib/hr of steam for a pressure setting of 200

psi.

Example 1

ProBLEM: What is the relieving capacity of that valve
in terms of air at 100°F for the same pressure setting?



11-1 1995 SECTION VIII — DIVISION 1 11-1
400
3%0 / Constant Constant Constant
4 k c k c k c
380 A
1.00 315 1.26 343 1.52 366
, 30 "4 1.02 318 1.28 345 1.54 368
> A 1.04 320 1.30 347 1.56 369
€ 160 / 1.06 322 1.32 349 1.58 371
H / 1.08 324 1.34 351 1.60 372
S 350 1.10 327 1.36 352 1.62 374
A o e Calculations 1.12 329 1.38 354 1.64 376
240 7/ ormula Calculations 1.14 331 1.40 356 1.66 377
y, W=K(cap VM/T) . 1.16 333 1.42 - 358 1.68 379
7 - 1.18 335 1.44 359 1.70 380
330 / k41 1.20 337 1.46 361 2.00 400
// C =520/ k ( k2+ 1) k=1 122 339 1.48 363 2.20 412
320 - 1.24 341 1.50 364 - “es
| O G T
1.0 12 14 16 18 20
k

FIG. 11-1 CONSTANT C FOR GAS OR VAPOR RELATED TO RATIO OF SPECIFIC HEATS (k = ¢/c)

SOLUTION:
For steam
W, = 51.5KAP
3020 = 51.5KAP
KAP = —— = 585
For air
M
W, = CKAP —
\/ T
28.97
= 356 KAP _—
V 460 + 100
(356) (58.5) G
- Ty 560
= 4750 Ib/hr
Example 2

Given: It is required to relieve 5000 Ib/hr of propane
from a pressure vessel through a safety valve set to

" relieve at a pressure of Pg, psi, and with an inlet
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temperature at 125°F.

ProBLEM: What total capacity in pounds of steam per
hour in safety valves must be furnished?

SoLuTiON:
For propane,

M
W=CKAP\/—:
T

The value of C is not definitely known. Use the
conservative value, C = 315.

!

5000 =.315 KAP

KAP = 577

44.09
460 + 125

-
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