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ABSTRACT

This reference document presents tables and charts containing data
calculated using the Moody critical flow model. The ranges of stagnation
state properties for which data are presented include: pressures from 2 to

22120 kPa, temperatures f rom 290 to 640 K, and thermodynamic qualities
from 0 to 1. The derivation of the Moody model and the method by which the
data were obtainea is presentea. The basic assumptions underlying the
model ana various aspects of the calculated data are discussed.
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FOREWARD

This reference document is the second in a series of documents which
present calculated values of critical flow parameters. Each document

presents data calculated using one of the critical flow models that are
currently widely used to perf orm reactor safety analyses. These references

are producea as a result of EGSG. Technical Development Project 305 which is

tundea under the U.S. Department of Energy Contract Number

DE-AC07-76ID01570.

IThe first accument in the series presented data calculated using
the homogeneous equilibrium critical flow model (HEM). The f ormat of the
this report is similar to that of the previous one; however, data for

subcooled and saturated stagnation conditions are presented separately and
pressure referenced as well as temperature referenced tables are presented

for two-pnase stagnation conaitions. The computer graphics used to produce

the charts presented at the back of the document have been refined so that

values can De read more accurately.
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SUMMAR Y

Values of critical flow parameters were calculated using the Moody
critical flow model over a range of subcooled and saturated stagnation
states using fine increments of the stagnation properties. The ranges of

stagnation properties at wnich calculations were performed include:
pressures from 2 to 22 120 kPa, temperatures from 290 to 640 K, and
qualities from 0 to 1. The data are presented in tables in Appendix A and
in charts in Appendix B. The data include critical flow parameters such as

velocity and mass flux and critical thermodynamic state properties. The
theoretical basis for the Moody model and the method used to determine the
critical flow rate and associated thermodynamic state at the choked
location are described. Similarities and differences between the Moody
values and those calculated using the homogeneous equilibrium critical flow
model are discussed. Several anomalies which are evident in the data
charts are also discussed.

iv

, ._. . ..



_

- .. - -

t
t

!-

CONTENTS

'

ABSTRACT .............................................................

F OR E W AR D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

A CK NO W L E DG ME N TS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,

SUMMARY..............................................................;

I N TR O D UC T I O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i TH EOR Y A N D COMP U TATIO N A L ME THO D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DISCUSSION ...........................................................

| REFERENCES ........................................................... t

a

|
-

APPENDIX A - Data' Tables .............................................
; APPENDIX 8 - Charts ..................................................
: FIGURES

'
:

l. Computational method ............................................

i B-1. Moody critical mass flux as a function of stagnation pressure
(subcooled stagnation conditions) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B-2. Moody critical mass flux as a function of stagnation pressure
(two-phase stagnation conditions) ............................... i

*

| B-3. Moody critical pressure ratio as a function of stagnation
; pressure ........................................................

I B-4. Moody critical temperature ratio as a function of stagnation
j p re s s u re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
i
J

B-5. Moooy critical censity ratio as a function of stagnation
p re s s u r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B-6. Moody critical void fraction as a function of stagnation
'

pressure ........................................................
|

I

| B-7. Moody critical mass quality as a function of stagnation
pressure ........................................................

*

B-8. Moody critical flow quality as a junction of stagnation
p re s s u r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[

V

<

.-m. _- - - - . , - mvv4



__ - __ _______ _ _ ,

B-9. Moooy critical mixture velocity as a function of stagnation
pressure .......................................................

|

B-10. Moody critical liquid velocity as a function of stac; nation
p re s s u re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B-ll. Moody critical vapor velocity as a function of stagnation
pressure (subcooled stagnation conditions) .....................

B-12. Moody critical vapor velocity as a function of stagnation
pre ssure (two-phase stagnation condi tions) . . . . . . . . . . . . . . . . . . . . .

B-13. Moody critical slip ratio as a function of stagnation pressure
(subcooled stagnation conditions) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b-14. Moocy critical slip ratio as a function of stagnation pressure
(saturated stagnation conditions) ..............................

TABLES

A-1. Moody Critical Flow Properties (Subcooled Regime) ..............

A-2. Moody Critical State Properties ( Subcooled Regime) . . . . . . . . . . . . .

A-3 . Moody Critical Flow Properties (Two-Phase Regime-Temperature
R e f e re n c e d ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A-4 Moody Critical State Properties (Two-Phase Regime-Temperature
R e f e re n c e d ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A-5 . Moody Critical Flow Properties (Two-Phase Regime-Pressure
Referencea) ....................................................

A-6. Moody Critical State Properties (Two-Phase Regime-Pressure
Referenced) ....................................................

1

vi

_--_ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _



.

TABLES OF CRITICAL FLOW PARAMETERS FOR WATER IN SI UNITS

(1965 MOODY CRITICAL FLOW MODEL)

INTRODUCTION

Critical or choked flow is the phenomenon whereby the fluid flow rate
has an upper limit for a given set of stagnation conditions. This

phenomenon is the result of accelerating the fluid to a velocity at least
equal to the speed of sound across the entire r.ross section of the flow.

The location where this condition occurs is the choked location. The fact
that the velocity is greater than or equal to the speed af sound precludes
the propagation of pressure signals upstream of the choked location. The

flow thus cannot be furtner acceleratea due to an increased pressure
differential produced by reducing the downstream pressure. For a
particular flow geometry and set of stagnation conditions, the maximum flow
rate and the thermodynamic state at the choked location are uniquely

aeterminea. The state at the choked location is termea the critical state
(not to be confused with the thermodynamic critical state, 647.3 K,
22120 kPa). Choking can occur in the flow of a gas, subcooled liquid, or
a two-phase mixture. If the flow is initially a subcooled liquid, choking
is usually accompanied by a cnange to a two-phase mixture because the large
pressure differential required to accelerate the ficw to the liquid speed
of sound is selcom achieved. Choking of a homogeneous two-phase flow

results in a critical state having a higher vapor mass fraction.

Numerous analytical models have been developed in order to preaict the

critical flow rate, the thermodynamic state at the choking location, and
related parameters. Tne critical flow model published by F. J. Moody in
the February 1965 issue of the Journal of Heat Transfer 2 has been

! extensively used to perform reactor safety analyses. The model, which is

generally referred to as "The Moody Model," is similar to the homogeneous
equilibrium critical flow model (HEM) in that it assumes the flow is in
thermodynamic equilibrium at the choking location. It differs from HEM in
that it aoes not assume that the flow is a homogeneous mixture and assumes
that the phasic velocities are different. The Moody model is specified in

1
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3Appendix K of Volume 10 of the Code of Federal Regulations for

calculating flow rates under two-phase flow conditions. The requirement

that the model be used for reactor licensing calculations is a large part
of the reason for its use in reactor safety analyses. The model is
generally not used for "best-estimate" calculations because comparisons of
flow rates calculate 0 using the model with experimental data have shown
that the critical flow rate was overpredicted.4,5 This result has lead
to the model being termed a " conservative" critical flow model f or
predicting critical flow rates when the stagnation conditions are two-phase.

Despite the wide use of the Mooay model for reactor analyses, no
reference containing parametric data calculated using the model is known to
be publicly available. Plots of critical flow rate and critical pressure
as functions of stagnation pressure and enthalpy are presented in the
journal article that introduced the model, but these are of limited use for
reference purposes. This report contains data for critical flow parameters

calculated using the Moody model over a range of subcooled and saturated
water stagnation conditions. The theoretical basis for the model is
presented in the next section. Also included in the next section are

descriDtions of the computational method and computer programs used to

produce the data presented in the tables and charts. The definition of the
thermodynamic state at the choking location and the results of the

calculations are aiscussed in the Discussion Section. Data tables and
charts are presented in Appendices A and B, respectively. The notation
used to refer to the various critical flow parameters and the units of the

International System of Units (SI) in which the data are presented are
listed in the first section of Appendix A.

|
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THEORY AND COMPUTATIONAL METHOD

The Moody model is based on the assumptions that the flow is in
thermodynamic equilibrium at the location where choking occurs, and that
the phases move at oiff erent velocities. The assumption that the flow

structure is separated is implied by the assumption of slip, but is not
explicitly specified. The flow process is assumea to be isentropic;
however, the isentropic condition is applied 50 that there is no entropy
acumulation in the flow rather than as a condition where the mixture
entropy is tne same everywhere in the flow.

The Mooay expression for mass is basically obtained f rom writing an
energy balance on a control volume where the upstream condition is stagnant
and the downstream condition is that at the choking location. The

resulting energy equation is:

2 2

wh
tg h,+ +w h += w (1)g th- ( / k /.

where w is mass flow rate, h is specific enthalpy, V is velocity, the
subscripts f and g ref er to liquid and vapor respectively, and the
subscript th indicates that the quantities are evaluated at the location of
choking. The total mass flow rate, W is equal to the sum of the liquid,

and vapor flow rates. Definition of a flow quality, x,j, given by

fj = w /wx
g t

and a slip ratio, 5, given by

3 = V /V (3)g f

3



allows Equation (1) to be rewritten as:

( V ) ( )9
2 |+ *fl l h +2 ! (4)(1 - xd)Ih(f 25 / \ / th

+h =

Equation 4 provides an expression for the vapor velocity which can be used
to obtain an expression for the total critical mass flux, G* trom

VA
9 (Sa)x) G* A = w =

f g

or

V

G* = * 9 -- (5b)
y

fl g

where all the qualities are evaluated at the cooking location and A and
A are the total cross-sectional area and the portion of the

g
cross-sectional area associated with the vapor flow at the choked

location. The ratio A /A is equal to the void fraction a. Starting from
g

tne definition of flow quality, Equation (2), the void fraction can be
expressed as a function of the flow quality, slip ratio, and liquid and
vapor specific volumes, v and v , resoectively,

f g

V*fl g (6)*"x v + (1 - x )) vf 5
fj g f

Substitution of the vapor velocity expression obtained from Equation (4)
and void fraction expression from Equation (6) into Equation (5b) yields
the final expression for the total mass flux at the choking location

i
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2 h - (1 - xfj) hf +x) ho
- fG* = _ _g

_ fj + (1 - xf j ) /!,-
(7)+ (1 - x j) vf th3 xxfjvg f

_
_ _ _

,

The flow quality in Equation (7) can be ext,ressed by writing an
entropy balance analogous to the energy balance expressed by Equation (1)

W S = [W S +Wg g]th (8)sto ff

where s is the stagnation entropy and sf and s are the liquid ando g
vapor specific entropies, respectively. Division of Equation (8) by the
total mass flow rate yields an expression for the flow quality at the
choking location

~

-s'sg f
x =
fj s -s (9)th g f th

. _

It should be noted that despite the fact that the right hand side of
Equation (9) is the expression for thermodynamic or mass quality obtained
from tne statepoint definition of the isentropic flow of a homogeneous
mixture, the quality obtained f rom Equation (9) is the flow quality at the

|choking location and not the thermodynamic or mass quality.
i

For a slip flow as assumed in the derivation of the Moody model, the
distribution of liquid and vapor (i.e., mass quality x) at the choking
location is a function of the slip ratio and flow quality as expressed by

-

*fl
*th * fj + (1 - x )) 3 th (10)x

f

which can be obtained by expressing the void fraction in terms of mass
quality and substituting this expression into Equation (6).

S



, .. .
.

All of the quantities in Equation (7) are or can be expressed as
functions of basic thennodynamic properties at the choking location. An
expression for the critical slip ratio as a function of basic thermodynamic
properties is obtained by determining the value of slip that will produce a

maximum mass flux if all of the phasic properties at the choking location
are held constant. This maximum is obtained from

- -

aG* = 0. (11)a3 p
_

, th

The expression for the critical slip ratio which is obtained from

Equation (11) is

-v - 1/3
3* = 9- (12)V

_ f_ th

All of the qualitites in the expression for critical mass flux, |

Equation (7), can thus be evaluated if the critical pressure, p*, is known.

The critical pressure is defined to be that which yielos a maximum of
the mass flux values cbtained by evaluating Equation (7). The
calculational procedure used to obtain the Moody critical flow data
presented in this report involved iteratively searching for the pressure
that produced a maximum mass flux as shown systematically in Figure 1. The

mass flux was calculated by first evaluating the flow quality and slip

| ratio according to Equations (9) and (12), respectively. The critical mass
flux was considered to be the value given by Equation (7) when the maximum

2mass flux was resolved to 0.0001 kg/s m ,

G
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It is important to note that while the iterative search was performed
using thermodynamic states having the same entropy as the stagnation value,
the critical mass quality was obtainea by evaluating Equation (10).
Because of this procedure, the critical mass quality is always less than

the critical flow quality ana thus if a critical mixture specific entropy

is calculated it is less than the stagnation entropy as shown in Figure 1.
This situation is the result of the no entropy accumulation definition of

an isentropic flow process incorporated in the Moody model as opposed to
the state point aefinition for a homogeneous mixture.

The calculations to obtain the values of the Moody critical flow
bparameters were directed by the CFMAP computer program. The actual

calculation of the critical flow parameters were performed by a subroutine
that is a moaified version of the MASFLO computer code that is described in
Reference 4.a The fluid properties used in making the calculations were
obtained from the ASTEM subroutine package.0 These subroutines evaluate

the equations for steam / water properties contained in the 1967 ASME Steam
Tables.7 The data calculatea using CFMAP were used as input to table

c dprinting and chart plotting programs, SIPRINT and CFPLOT , respectively.
SIPRINT assembled the data in the tabular forms presented in Appendix A.

8CFPLOT directed the DISSPLA plotting software in the production of the
charts presented in Appenaix B.

a. See Ref erence 4, pp 55-165.

b. Computer coce configuration management file number F00043.

c. Computer coae configuration management file number F00044.

d. Computer code configuration management file number F00045.

0
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DISCUSSION

The mapping of the Moody critical flow model over most of the
subcooled regime at stagnation pressures less than or equal to the
thennodynamic critical pressure and over all of the two-phase region at
stagnation temperatures greater than or equal to 290 K generally produced
data that varied regularly as expected. The regularity of the data is

illustrated by the smoothness of the curves in the charts presented in
Appenoix B and attests to the general adequacy of the computational method
and fluid properties used to detennine the values of the critical flow
parameters.

When the stagnation conditions are moderately to highly subcooled, the
fluid conditions at the choked location are just saturated and the
corresponding critical flow parameters have a different character than when
the stagnation conditions are only slightly subcooled which results in
two-phase conditions at the choked location. A locus of subcooled
stagnation tnermodynamic states exist which represent a boundary between
stagnation states for which a saturated liquid state is predicted to occur
at the choking location and stagnation states for which a two-phase state
is predicted to occur at the Choking location. Stagnation states having
higher pressures and/or lower temperatures than those forming the boundary
(i.e. "above" the boundary) result in saturated liquid critical states
while the opposite set of conditions (i.e. "below" the boundary) produce
two-phase critical states. A similar boundary was identified when the
homogeneous equilibrium model (HEM) aata was produced and is discussea in
Reference 2.a

The critical mass flux and critical thermodynamic state predicted by
the Moody model 3 e identical to those predicted by the HEM in stagnation
conditions "above'' the Moody subcooled stagnation state boundarf. As with

a. See Reference 1, p. 4

9
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the HEM data, the Moody critical mixture Mach numbers are greater than
unity (over 6000 f or some conditions) f or stagnation states above the
boundary. This result is consistent with the requirement that acoustic

waves be restricted f rom travel upstream of the choking location. The
Moody critical mixture Mach numbers are not equal to unity for stagnation
conoitions "below" the subcoolea stagnation state limit as is the case for
HEM data because of the assumption of slip at the choked location. The

critical Moocy mass flux values become progressively larger than the HEM
values at the same stagnation conditions as the stagnation conditions move
away f rom tne boundary and into the two-phase region.

The locus of stagnation states that form the subcooleo stagnation
state boundary is ioentifiable in several of the charts presenteo in
Appendix B. The maximum in the constant temperature lines in the critical

pressure ratio cnart (Figure B-3) f or temperatures greater than 520 K
correspond to the locus of boundary points. The maxima for temperatures

,

less than 520 K are not representative of the boundary because the 100 kPa

interval at which the critical flow calculations were made was insufficient;

to resolve the true maximum. Minimuma in the constant temperature lines
for the critical mixture, liquid, and vapor velocities (Figures B-9, B-10,
ano B-12) correspond to the boundary points. Corresponainq points are also
identifiable in the critical temperature ratio, density ratio, void

f raction, mass quality, and flow quality charts (Figures B-4 through B-8)
as points where the slopes of the constant temperature lines change.

radically f rom near zero to large positive or negative values.

The critical density ratio chart (Fiqure B-5) and the critical mass
quality chart (Figure B-7) are the only charts having counterparts in the
HEM reference accument (Reference 2) which display significantly dif f erent

benavior from the HEM cata. The critical density ratios are greater than

one for most two-phase stagnation conditions and reach values as high as

nominally 27 for low stagnation qualities at a stagnation temperature of
290 K. In contrast, HEM critical density ratios are always less than one.
In addition, the two-phase region is toldea over on itselt such that the

4

10
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highest density ratios occur for a stagnation quality of 0.3. The Moody

model results are caused by the definition of an isentropic flow process
used in the derivation of the model. An isentropic flow process is modeled

by specifying that .there is no entropy accumulation in the flow as opposed
to specifying that the mixture entropy is equal to the stagnation entropy
everywhere in the flow. The mass distribution of the phases at the choked

location represented by the mixture mass quality is thus obtained from the.
flow quality (vapor-to-total mass flow rate) and the slip. The critical

,

'

mass qualities obtained by this method are sufficiently low at Icw
stagnation pressures (see Figure B-7) to produce corresponding critical
mixture densities that are large relative to the stagnation density thus
producing the large critical density ratio values. The fold over of the
two-phase region in Figure B-5 is due to complex relationships between the
stagnation density which is a function of stagnation pressure and quality,
and the critical density which is a function of the critical pressure and
quality both of which are in turn functions of the stagnation conditions.

The critical pressure ratio and temperature ratio charts (Figures B-3
and B-4) exhibit a slight fold over for low quality stagnation conditions
at stagnation pressures less than about 8000 kPa. At pressures lower than

this value the critical pressure ano temperature ratios are higher for a
stagnation quality of 0.02 than for a saturated liquid stagnation state.
The fold over is apparently due to the influence slip on the critical mass
flux.

An anomally is noticeable in some of the constant quality lines for
four of the parameters presented in the working charts. Abrupt changes are
present in the constant quality lines less than 0.3 at approximately
16 500 kPa for critical mass flux, critical pressure ratio, critical
temperature ratio, and critical void fraction (Figures B-2 through B-4
and B-6, respectively). The magnitude of the changes is the largest at
zero quality and progressively diminishes as the quality increases. The

percentage difference of the values immediately on either side of the
change for the zero quality line are as follows:

11



critical mass flux 0.50%
,

_

critical pressure ratio 0.86%

.

critical temperature ratio. 0.11%

;

critical void fraction 1.21%

'

where the property ratios are the ratio of the value at the choking _

location to the stagnation value and the percentages are computed using the-
smaller of the two values on either side of the change as the base vaIue.

.

The anomally is associated with a discontinuity in the fluid properties
that occurs at 16 539 kPa. This discontinuity is discussed in Appendix 3
of Reference 7 and is the result of changing from using the Gibbs' function
to evaluate the fluid properties to using the Hemholtz function as
indicated in Reference 6. Fortunately, this anomally occurs at a pressure
above the usual range of interest and the ambiguity in the mass flux is
indicated to be less than or equal to G,5% at all conditions,

in several of the charts in Appendix B, the high pressure end of the
630 K. stagnation temperature line exhibits a trend that is not consistent
with the behavior exhibited by the other constant temperature lines at high
stagnation pressures. The anomalous results probably occurred because the

critical pressures obtained f or subcooled stagnation states with pressures
at or above 22100 kPa and a stagnation temperature of 630 kPa were above
16539 kPa which is the pressure at which the method of evaluating the fluid
properties changes as previously discussed. The discontinuity in fluid

properties at 16539 kPa probably causeo the atypical results.

,
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APPENDIX A

DATA TABLES

INTRODUCTION

Tabulated values of critical flow parameters are presented in six data

tables which f orm the last six sections of this appenaix. The tables are
preceded by a section which lists the nomenclature and units associated

with the parameters presented in the tables. All of the tabular data are

presented in the International System of Units (SI).

The first two tables present data for subcooled stagnation
conditions. The data in both tables are organized by presenting data for a
series of stagnation pressures ana qualities at fixed stagnation
temperatures. The data for each stagnation temperature are presented in
the oraer of aecreasing pressure beginning at the thermodynamic critical
pressure (22120 kPa). The data are thus presented in the order of
decreasing subcooling. The sets of data corresponding to the stagnation
temperatures are presented in the order of increasing temperature.
Table A-1 contains the values of parameters associated with the flow of the

fluia at the choked location as opposed to the state of the fluid. In this
table, a complete set of state properties are listed for each stagnation

state. Table A-2 contains values of the state properties at the choked

locacion and ratios of the critical pressure, temperature, and censity to

their respective stagnation counterparts. An abbreviated set of stagnation

state properties are presented in Table A-2.

The second two tables present aata for two-phase stagnation conditions
with stugnation temperature as the primary reference variable. The cata in
Doth tables are organized by presenting a set of data for stagnation
qualities between 0 and 1 for eacn stagnation temperature. The data sets

15
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are presented in the order of increasing stagnation temperature. Table A-3

presents the same critical flow parameters presented in Table A-1.
Similarly, Table A-4 presents the same critical flow parameters presented ' ~

in Table A-2.

The last set of two tables also present data for two-phase stagnation
conditions except stagnation pressure is the primary reference variable.
The data sets corresponding to the stagnation pressures are presented in --

the order of increasing stagnation pressure. The parameters presented in
'

Tables A-5 and A-6 are the same as those presented in Tables A-1 and A-2,

respectively.
.-
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NOMENCLATURE AND UNITS

UnitsSymbol _ De scription
___

AHE Homogeneous equilibrium
speed of sound m/s

A0 Stagnation voia fraction
A* Critical void traction
G Critical mass flux kg/s.m2
H0 Stagnation enthalpy iJ/kg

H* Critical enthalpy kJ/kg
MAVG Critical mixture Mach number
PR Cri tical pressure ratio, P*/P0

PSAT Saturation pressure kPa
P0 Stagnation pressure kPa
P* Critical pressure kPa
RR Critical density ratio, R*/R0
R0 Stagnation density kg/m3
R* Cri tical ,aensity kg/m3
SLIP Critical slip ratio, VV/VL
TR Critical temperature ratio, T0/T*
TSAT Saturation temperature K

TO Stagnation temperature K

T* Critical temperature K

VAVG Critical mixture velocity m/s
VL Critical liquid velocity m/s

'

VV Critical vapor velocity m/s
XF Critical flow quality

X0 Stagnation quality
X* Critical mass quality

1
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Table A-1. Critical Flow Properties (Subcooled Conditions)

Values of the critical flow parameters listed below are presented in
Table A-1.

Parameter Symbol

Mass flux G
Homogeneous equilibrium speed of sound AHE
Mixture velocity VAVG
Mach number MAVG
Slip S
Liquid velocity VL
Vapor velocity VG
Flow qualitya XF

|

4

%

Flow quality is the ratio of the mass flow rate of the vapor phase toa.
the total mass rate.

1

/
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TABLE 2. Critical State Properties (Subcooleo conditions)

Values of the critical state properties listed below are presented in
Table A-2.

Parameter Symbol

Pressure P*
Temperature T*
Density R*
Enthalpy H*
Quality X*
Void fraction A*

The ratio of critical to stagnation properties listed below are also
presented in Table A-2.

Parameter Symbol

Pressure ratio PR

Temperature ratio TR
Density ~.atio RR

105
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TABLE 3. Critical Flow Properties (Two-Phase Conditions--Temperature -
Referenced)

Values of the critical flow parameters listed below are presented in -
Table A-3.

Parameter Symbol

Mass flux G
Homogeneous equilibrium speed of sound AHE
Mixture velocity VAVG
Mach number MAVG
Slip S

Liquid velocity VL
Vapor velocity VV
Flow qualitya XF

;

|

|

|
t

a. Flow quality is the ratio of the mass flow rate of the vapor phase to
the total mass rate.
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TABLE 4. Critical State Properties (Two-Phase Conaitions--Temperature
Referenced)

_

Values of the critical state properties listed below are presented in
Table A-4.

Parameter Symbol

Pressure P*
Temperature T*
Density R*
Enthalpy H*
Quality X*
Void fraction A*

The ratio of critical to stagnation properties listea below are also
presented in Table A-4.

Parameter Symbol

Pressure ratio PR

Temperature ratio TR

Density ratio RR

230
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TABLE S. Critical Flow Properties (Two-Phase Conditions--Pressure
Referencec)

Values of the critical flow parameters listed below are presented in
Table A-5.

Parameter Symbol

stass flux G
Homogeneous equilibrium speed of sound AHE
Mixture velocity VAVG
Mach number MAVG
Slip S

Liquid velocity VL
Vapor velocity- VV
Flow qualitya XF

a. Flow quality is the ratio of the mass flow rate of the vapor phase to
tne total mass rate.
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TABLE 6. Critical State Properties (Two-Phase Conditions--Pressure
Referenced)

..

Values of the critical state properties listea below are presented in

Table A-6.

Parameter Symbol

Pressure P*
Temperature T*
Density R*
Enthalpy H*
Quality X*
Void fraction A*

The ratio of critical to stagnation properties listed below are also
presented in Table A-6.

Parameter Symbol

Pressure ratio PR

Temperature ratio TR

Density ratio RR

290
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Figure B-12.
Moody critical vapor velocity as a function of stagnation pressure (two-phase stagnation
conditions).
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Figure B.13. Moody critical slip ratio as a function of stagnation pressure (subcooled stagnation conditions).
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Figure B-14.
Moody critical slip ratio as a function of stagnation pressure (saturated stagnation conditions).
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