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some conceivable release mechanisms
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2. Cons'equenc'e‘ Analysis : 67

‘ Appendw B ol' the Flammable and Combustible Liquids Code Handbook (NFPA,

1987¢). API RP520 (API, 1976) recommends a similar formula applicable to
pressurized storage of liquids at or near their boiling point where the llqurds have

ra hlghen molecular weight than that of butane.

All of the recommended heat flux equations in API 520 and NFPA Codes
that are. used to design relief valves assume that the lzqurds are not self- reacuve
or subject to runaway reaction. If this situatidn arises, it'will be | necessary to take
the heat of reaction and the rate of the reaction lnto account in sizing the relief
device. . Y

[ ' [
L

qumd Discharges. Discharge of pure (i.e., nonﬂashmg) qumds through a

' sharp -cdged 'orifice are well described by the class:cal work of Bernoulli and

Torrrcellr (sce Perry and Green 1984) and can be expressed as

' ‘ [

: - 12
" Gu= chp(ﬂ’p—”')arzgh) | @1

) .
t . !

where GL = lrt]urd mass emission rate (kg/s)
' Cq+ discharge coeflicient (dimensionless)
' 'A = discharge hole area (|n2) .
= liquid density (kg/m®) ' B Y
4 2 liquid storage pressure (N/m? absolute) b
p,, = downstream (ambient) pressure (N/m? absolute)
. g = acceleration of gravity (9.81 m/s?) - T
h = height of liquid above holc (m) . ¥ '

The dnscharge coefficient for fully turbulent discharges from small sharp edged

* orifices is 0.6~0.64. Fauske (1985) suggests a value of 0.61. Crane Co. (1981) °
- provides values for smooth nozzles and gives a good description of how to

account_ for pipe fittings and other obstructions when calculating discharge rates.

Two-Phase Discharge. The significance of two- hase llow through restric-

tions and plplng has been recognized for some-time (Benjamin and Miller, 1941). -

Beglnmng in the' mid-1970s the AIChE-DIERS has studied two- phase flow
during runaway reaction ventlng DIERS researchérs have emphasrzed that this

"two-phase flow usually requires a larger relief area: compared to all-vapor vent-

ing (Fauske etal, , 1986). Leung (1985) provides comparisons of these areas over
a range of overpressure Research supported by the nuclear mdustrles 'has con-

- tributed much to our understanding of two-phase ﬁow as have a large number of '

studies undertaken by universities and other lndependent organizations!
"y thn released to atmosphenc pressure, any pressurrzcd liquid above its
;normal borllng point will start to flash and two-phase flow will result. Two-phase

.1 flow is also likely to occur from deprcssurlzauon of thé vapor space above a mass
of a volatile liquid, especially if the llqurd is viscous (e.g., greater than.500 cP) or

has a tendency to foam.
v+ The"DIERS computer program, SAFIRE, is relauvcly complex to use and

requlrcs extensive physical propertics. Fauske and Epstcm (1987) have provided ‘
the following practical calculation guidelines for two- phase flashing flows. The:
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* Gas Discharge Equations. There are two flow regimes 'corr,gspond.ing to
sonic (or,‘"cho‘ked) flow for higher pressure drops and subsoni¢ flow fo'r' lower
pressure,drops. The transition between the two flow regimes eccurs at the cnuc.xl

. pressurc muo Ferit, Which is related to the gas heat capacity rauo v via

A F I\ YD
Ferit = (f) = ("Y—?—) (2.1.1)
. al ent bl

1

when, p= dbsolutc upstream pressure (N/m?),
, p. = absolute downstrcam pressure (N/m?)
v = gis spec:ﬁc heat ratio (C,/C.,, dimensionless)

Typiéal v'élues of vy range from 1.1 to 1.67, which give r;, values of 1.71 to 2.05.

“Thus for releases of most diatomic gases (y=1.4) to atmosphere, upstream

pressures over 1.9 bar absolute will result in sonic flow. Cms flow through an

: olnﬁce is gwen by

Ap:
, G, =Cc, 2L (2.1.2)
! a“ . . [
 where .Gv = gas discharge rate (kg/s). !
' C = discharge coeflicient (dimcnsionlesq< 1.0) -
= hole area (m?) R
' a, = sonic velocity of gas at T = ()IRI/M)”2 :
" M = gas molecular weight (kg-mol) .
R= gas constant (8310 J/kg-mol/°K).
- ‘upstream temperature (°K) : E
¢ = flow factor, dimensionless _ | S
The flow factor, ¢, is dependent on the flow regime as follows:
For subsonic flows -
P 2 Uyr (y=1yq 12
. ¢={ﬁ’— (-’3‘!) [1 - (&) ‘ ]} for Lsra @1.3)
o p=Tip P Pa
F‘or sonic {choked) flows
| (y+1)2(y-1) ‘ 1 .
v v( 3 -2 for 2= v (21.40)
. * l
or
' RNGALLL ' '
¢=y( ) .(2.1.4b) -
t Ferit ’

! i : .

[ - . . e ke .o .

| Reli¢f Valve Discharge. An important case of gas discharge is the flow
from pressure relief valves. Where relicf is'due to fire éxposure in a nonreacting
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1 dtscharge of subcooled or saturated liquids is described by o Lerwe oy fﬂ;
' ‘, L Gyp= Cd\/Gsub'l' GERM/N ' @ l 8a) [

. o

where G, is' two phase mass: flow rate (kg/mzls) stcussron of each term will

follow The effect of subcoolmg is accounted for by ‘ . o '
v ' T I !

gk "(2,41.8b)

where p—storage pressure (N/mz) S ! TR

pv = vapor pressure at, storage temperature (N/mz) D

p1 = liquid dcnSIty (kg/m’) u; ’ . BT

el r.ag i-lll'-

' - . - . .I. . I‘ .:,G“lb v 2(P pv)pf

For saturated liquids, equrllbnum is reached if the dlscharge pipe Size is' greater:
than 0.1 m (length greater than lO drameters) and dtscharge rate is. predlcted by

3 LLAL:#J;‘.}J =

e

- Gebw=omggm L G
. | o | i
S IR N L
where hfg latent heat of vaponzatlon (kJ/kg) S . j_' CoL
v, = change in specific volume liquid to vapor (m’/kg) St
1) T =storage temperature (°K) ° T
G ==I|(|utd speCIﬁc heat (lekgI°K) ; . ;_-‘ PRRRES

4 .

For discharge pipes less than 0.1 m, the flashing ﬁow increases. strongly with
decreasing length, approaching all liquid flow as the discharge! p|pe length
approaches ‘zero. This’ nonequrllbrlum effect is cstlmated by the parameter N
(dlmensmnless) in ‘Equation (2.1.8a) gtven by e T i,
o W' . L _ f
. o N+ — forOsL=L,.
! \ ZApp;Cdv;,TC L. or - nL°
where L = pipe length to opemng (m) SRR
b ¢=01m : -

For L =0, Equations (2.1.8a) and (2.1.8d),reduce to (2.1.7)'(negle<‘:ting' he hcad
of liquid). Equivalently, the: dlscharge rate of flashing liquids from: sharp—edged
orifices at vessels can be estimated ‘as though 'there were no ﬂashlng TR
' There are many equally; valid technlques for. estimating’ “two- Rhase ﬂow g
rates. The nuclear industry has undertaken substantial analysis of: critical two-.
phase flow of steam-water mixtures. The Nuclear Energy Agency (1982) has ' L
published a review of four models and summarized available e&tperlmentalr dafa.. g
E

Klein (1986) reviews the one-dimensional DEERS model for the. design of. rellcf
systems for two-phase flashing flow. Three- dimensional models are also: avarlable
although little published information on their use is available. Additional com- -
plexity does not guarantee improved accuracy and can unnecessanly compllcate
the task of risk analysis. i '.

It is worth: highlighting th.:t desrgn calculations for the srzmg of rehef

! 1




Ruuscio v Liguiwo |

D¢ Pem De P4

[ ]
- Pressiore i

- ez Ligowo Soped omons

St muBRbue Ledren, D TiFe

mm—

Y =2/ AP ;19 r - a.. ' f /
CC: e b /j ,Fé’. ’1/ — F ’ ""*‘C}ﬁ ’f/

IL Liquiho FoolvSuTo FoRhA CNA (Fowd .
se g < Ty =b FLAShNE

[A Rdnove P liguwd che PRandE RIS 4L
RLAShiv & Dipende DL AT = Te-Ta , Cltore

Spea,'&I.o , CAlote tareviie » &/4fo; st‘cbue

[A Qestinie Fdh'oue EBVARKA [euTdheuso.
TRENDENDO ENERGIK DA

— ATTOSFERA - b
— Svoto



Puascio VApote o 6AS

Toss aMD QVeEle bue CondbFo!

Q'CDQPs\J [ g K /a, PlufSo cMco

-+l

? 7 J-H FluvsSo
QZDH\PPS% -H P_‘.) s) J A/::;-c_a_."t{cw

IL CdLcole DEC TRIUSTooses S Rve”
EFreTugre Meece Pue. Combi oM ECTRRNR .

| SoTERMA F. V= cesT,

4D ABATLCA PP T cost

Vee. Rifo GSo 1L Guole viewe Bl 'Ssreeio
E (L CowieheYone &5 SuvoT4 CoRrAeidieute

NEL Seconde USO (L clole Vieue Dde Liouno

che € [AFEeenDd Fiuo & Mbcwnmtete A4
YENPENATLPA D €EBOLL I oMNe



*z*2's *btd

MOT4INO UNOVA UOM mag:mmm zow
i R
__

[s) 0 By ih_mA
1L

o
(@]
@
t~
0
(T3]
:Q

/ m : i _., po-09 :

Si-Q9
: bt M

, Tl
e .
pPOl3I32W UOTJRUTWIDIIP Uw,mﬂmv&.u__ _ /
e 0z
Nt /

(s 000t = ;3 03 dn) poyirau COﬂud,cmE vav opdEaxounEa\y AN —{ 0O€

B T L e o A T 7 T T T TR P ey,

[s/6%] |,
(W

e e

poyjau co..npmcq.nEuoqu UmamaﬂaEdm — 07

_
sy

!

|

| “. _
4 ,
1

|

o B uo:_&

[y ————

06

,
i

i
w

S S



HoDELLl SORKENTE

Sy IBhizz4No | saoeun Scheru B RIASL O

(D) conteEp(ToRE PRESSORARRLITO
- TERDMA IV BONR Ao RE
— PeetaTd (N BRond Liguid

S }aoc; dvere
— » FuoRlusclT D Vfor
—» TLoZuSUTA B Lgube (foaddt)

—>» MuScetr BrEdce

&) covrEvmore clicdewco

— Pe=RD(TH4 (N BOrM LQ'QOIA;%
S }’:uo’ dvsee

—b Fuokiosed™ B LiQuiso (Poazq)

ConTEMITORe B GAS
S¢ }05 evee
—> FuonusSUTe v Guls





