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The accure •." -en- \.r*.'^*"t of '".vo-^ha^e 3 5 9 flow
rntc 13 ve ry ir:^- T*.a.-.*. In •"•c;.'* rl—rntn, s j -h e3 the LCFT
e r p e r i c e n t , vh ! •*:. ~.-v^sti -;'i* » tr.e r./potr.et I ca l I-osT.-of-
Coolant Ac: i dent. ' I/'CA J. Thi s p iper in ii>"5<;r- e x p e r i -
ments des ign- ' ! tc l^'.errLlr.*1 the be-iav.or of a LOFT free
f i e ld drag ii ic t ^J*" i r.« *. rir.3 i - c? r ' I/TT 1 arid a LG FT-type
thry-b»'-.?: J;Q.TJT.H. i^r.a i t e r e t e r '.a 1 s *.eady 3 t a * ? , h o r i -
zonta l -. i^.i p r e ^ ur*? :;:.<; aE-'- ' iter flow. The experiments
ver? ~r: r.-iur "c-1 I:, a ^ia3 Tl^w «nd voi i f r ec t lcr. ran^-
vherc a v< r i « t y of ' i e ^ r i t ' . " ! flov r^gir.es ex s ted which
strong,! / . r .fl^encjd f.h<* p ^ r ^ n r i i c e of the £TT. I t I s
shewn t:-&*•. *:n»? accaracy oT the ir,str\Jaeiit3 i s c a i n l y 1
r^nction if th*1 -oid fraction. A 3i=pie calibration
procedi^rr is prcp-se-i - ^ ini? calibriticc factors vhich
ar^ caly a r^nct ioc f̂ the ,-;ar̂ na decsitcceter reading.
When tvo ins.tr~-^sect3 a_r«? jsed to deterrrine the ^ass
flov rat<?, this prccednre ccr.s i'ierablj' Improves *"Jie
accuracy of the =s*3s flow ri te evaluation. If all thr^-
instrument readir-gs ar^ taken, this proce 'jje î ivea zuch
better results for slip ?—d phase v«iocitle3 than the
void fraction, Aya, cr SouhanI zio-iel.

1'iali'.-/ iz the test secti-r. ard t.-e s jpe.-f!-rial velc-
citiec , resp^cMvely, vere -icrpi-tid vitr. ar. entr.alpy
bnJer.c^.

I
1 Ecvr,s t reera of tr»»: r.i x 1 r. ̂  "r. ar.*:er O'jti^t , a pi ze
(50 C3 * ±51 '-'n.3 p'jsitlcnp'J - '. i cr. cin t fii r.ed a ' *m c t i en
to a bypass . To ii v»rt?e f ros *-'. 1 3 pi pe 'ii p ^ e t T to th*i
tes t sectlca dl *ijset er , •?•: T T.*- ri c al ^ler/.ers -ere jse .̂
vni ch vcr^ ^a J? so that *.r.c r-ot ten of t-ie pipes •'ere in
line to prevent 'inrzr.i n,r. T'.e tea*, section a h«id lengths
of 5.2 m (5" pipe; ti.d 5-92 = f2" pipe;. ."i^ure l '
I l lus t ra tes both cf tr-ese tes t sectiens.
FieT-iJ"* 1 also shows the additional i.ii.tr--r.er.*-aticD:

- The Y'TK radionuclide *ajection -ral.ve3 and the
corresponding ^e 'ectcrs fcr =-a3urir.ff, the axial
distribution of the phase veloci t ies .

The F.O&G travers ing reference gerx̂ a. -ens itcmeter
fscanning densltar:eter/ for the zieai^'re^e^t of a
very accurate cr-c3 3 section averaged value of the
Penalty (void fract icc) .

- The ZfZ irzp^ar.ce prcb»s: A ^ r ^ i c a l l y traversing
probe in tne 5" pipe f-r detection of r.ow regi=e
a^d seasuj-eseots "f a vcrticaj void fr tct icn 7-r^-
fiZe; tvo fl/.ed bu i i t - i a probes in the l" pipe

for detecting flyv rapine.

In ^r.y nuclear safety experiments the mass flov
rate is 2eas\u-*2d '.-Ith a coabinetion of a turbine meter
and •iris; iisc (DTT) and a gacria densitcneter. In
accie of these experiments the tL^bine i3 a full flov
device (Bail et al , ( l )J . In ot.ier experiments such
aa XPT (2) free field DTT'3 are used. The

performance, especially of a free field DTT, will be
influenced significantly if reparation of phases
exists. Such pha3e separation occurs:

a. If the naBS fluxes, qualities and transients are
lev so that the phases have tice enough to separate;
'.hia aay happen ia a scail area blowdotTJ or in a
large are a blovr.ovn at positions vbere flov reversal
occura.

b. At high 2iass fluxes, if the phases upsteam of the
measuring position are forced to separate, e.g. by flow
obstructions or a bend in the pipe.

Thla paper analyses experiments designed to deter—
r̂ in« the accuracy of a LOFT DTT and a LOFT-type. three-
bean gssnrj. ^easitoceter in horizontal steam-vater and
air-water flov (3,^). Tvo different teat sections vlth
-iiacietera of 103 en IB (5" test pipe) and 66,6 ca ID
(3n test pipe) vere -ised, both providing free field
calibrations. That i s , th" U7x is scalier than the
inside dianeters of the test sections* The gq~*-g densi-
tometer is a three-bean unit representative of the con-
figuration used in LOFT, but modified to f i t on a
smaller pipe.

The reference mass flov rates vere ceasuxed with
orifices in single phase flov before nixing. The
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rigJJre 2 shovs the *»*st ratri^ for the -0 and 7 ;
bar 3teen-water tests draw-:: ic a flc*- chart. This flov
chart vis built up vi th tr.e i~peia.-:ce proce ista a.-;i
fits quite veil both the 5" and 3" pipe tests. In zzt
3" pip* tests , mostly slug flow or a vave flov -"1th
considerable droplet er.triinsient cccurred; the 5" pipe
tests vere rade In vave ; --ave ircplet) flo- regime
and in the transitica to e-in'-tlar droplet flow. Asso-
ciated vith the flov regi-e are the values for slip 3:
in the slug flov regi=e investigated the typical val-_e
vas f. " 1.8 whereas in the vave flow and trans i t ioc
to annular droplet flew slip \^l'jez up to 6 existed.

The typical beha'-ior of the single instruments car.
be shevn by plotting the ratios cf the measured values
to the cross section averaged values in the fl^v chart.
Another vay is to present these data as a fur.ction of
the height of the liquid level, •-•hereby this interface
level (y/dJj-r is calculated fron: the gaa=a densitonerer
void fraction assuring a totally stratified flov. Tne
latter procedure yields sore information '.nan the former
axid i3 described in the following.

Figure 3 shovs the ratio of turbine velocity 7™
to hoECgenecos velocity (equal volumetric flux)
(vg + Vsl^ a S a ^ U o c * * i ; : : c °^ * " e ~nterfa.ee level. As
long as the interface level ia lever than the bottcc
of the turbine, the turbine ^asurss about the phase
velocity of stean v_ which is only slightly higher than
the homogeneous velScity for the para=eter range in-
vestigated. If the interface level is betveen the
bottoia ani the top of the turbine, the turbine ceasures
about 80S of the volumetric flux.

Figure h shows for the 5" pipe tests the ratio of
drag disc reading (pv^)^ to total two-phase somer.tua
flux (pv2) tp calculated by

At very low interface levels (very high void fractions)
the ratio is about 1. Vith increasing interface level,
caused by increasing liquid input, this ratio decreases
because the vater is =ostly floving belov the drag

.disc and, therefore, is not neasured. This fact la
i illustrated in ?lgure 1» vhea the drag disc reading is
normalized vith the r.teae aocentum flus PgV :̂ vhere

'the ratio Is about constant for all values £of the
'interface level.
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Figure 5 shows the corresponding resul ts for the
3" pipe t e s t a : the value o ' V 2 ^ZZ'"?'-'*!-~ l 3

considerably below 1 if the Interface level^ls below
the drag disc and above I if the interface level is
above the drug i i sc .

l i e gasta i e - s i t c^e te r density (respectively -.-rid
Traction) was evaluated applying the length weighting

'method. This procedure gives r ise to ar. error if a
t o t a l l y separated flow ex i s t s . I t car: he shown t~at

j this error is negligible for the high void fraction
range lev-estimated in the 5" pipe t e s t s and larger

'(up to 10X) la the l iver vcid fraction range occurring
la the 3" pipe t e s t s . Ecwever, i t vas shown in /'»/
that th i s error is nearly cc^pe.-.satei. by the fact that
the phase velocities maxe a change between the axial

\ denaitometer and the I7TT position la the pipe. There-
' fore , in the following, the length weighted density
or void fraction is always used.

Table 1: Cor.Dari son of "san Values 'or uass Flow

_ _ R a t i o s 'ZQ and 75 3 n r ixne'-^-er-.s)

Gy-T S-DO ST-DD

63ef W ^Ref

i 1.60 1.03 0.69
5" Pipe Tests

a 0.39 0.20 0.13

3" Pipe Tes.ts
1.16

0.35

0.89

0.17

0.76

0.40
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The Pcjhar.i Mc-iel ,'(./ ar.d th« .̂ .-a Kc
rived in dilferer.t v^.'s , they v-cth gi-/i; & t-rbir.f
velocity be*ve'jn the liquid ar.d stea." pr.^r.e v«2c

Pcuhar.i Model

I f l

Aya Model (assurging that the turbine ca l i b r a t i t c co-
eff icients in Gir.^le-phase steaz: and vater
flow are the so^e,'

.0-5"

YT"

In aU aodels the draj? disc measures the t o t a l tvo-
phase nocentcn f-ux (pv^) + _ (assuming that the drag disc
coefficients in sir.gle-phale steam ar.d water flew are
equal to 1):

Table 1 shows the =ean values x and standard de-
viat ions for the rat ios of lass flcv rates using a
conbinaticn of two instrument readings to the refer—
ence values. The =ass flow rates per 'unit area were
calculated by

G/-T= Pt "T (11

(2)

(3)

TJiese equations using tvo neasurir.g parameters are
.ca l led tvo-paraseter equations, in contrast to a three-
; paraneter equation vhich 'jses three ceasured. quanti t ies
: such aaot, v, and v an-» evaluates the cias3 flow rate

Tie tvo-parameter equations a re . In contrast to e q . ( l ) ,
only correct for S = l (conpare e.g. ( J ) ) . If i t is
aasumed that the turbine ceasures the volunetric flux and
the drag disc the to ta l tvo-phase =or.entu= flujc, i t can
be shown that with Increasing s l ip ec, ( l ; gives very
high values and eq. (3) very low values, vherea.3, eq.
(2) gives values only s l ight ly too high for r e a l i s t i c

'values of s l i p .

iFrora Table 1 I t can be seen that for both the 5" and the
13" pipe t e s t s the combination gacna densitoceter - drag
• disc has the highest accuracy, caused to scc:e extent
;by tae relatively small errors of eq. (2) for S * 1.

From eq. (6) s l i p is evaluated:

P3 V/ (9)

Combining equa t ion (S) wi th ( 5 ) , (6) or (7) t h e l i q u i d
v e l o c i t y i s given as f o l l o v s :

Void F r a c t i o n Model

'(1C)

Rouhani Model

- 2 -



3y insert ii v in , , . ! ; ) , S Is computed a=d then 4
fcOJoving i .c1

G - | 'c P3 S +- ( l — K) ?x j Vj, (13)

2 sho-s '.--.» results for the 5" pipe tests obtained

I r t f a e t«°-Pt*se rtorifintur. n-.sc =fii^y consisted of
t h e B " =K==eaf-= flux --hicr. is connected --itc lov in-
terface levels {5" pipe t t r t s , .-i£j_re •» / , the dreg disc
=>*u>ur*i about the total =c=es-.'j= flux.

5" pipe teats:

Tilt; void fraction model does no'. ?ive a real value
Tar T, f-.r most o:' t.-.e te = t points a/.tr.cugh in t ie 5"
pipe exi^rrimer.t3 tr.- a3-:^rpticn of thi3 model for the
turbine reading 1= ^ i t e veil fulfilled. The reason for
the a c t i v e radical in equation < 10) is the too snail
drag disc rtaiir.5. The points -r.er! a real solution for
», exists, b<acng -3 test po;.-;t3 vit.1 a 1-v liquid input
v^.ere the st .?^ Lcr»r.-.c fl .JJC i'ffr2; is about the total
n2=pij--u: flux 'pv^. * ~"» liquid ?^locity i3 pr»di;ted
too 1O-J, '.he- Gl;p to'a niss. ^

th^ Aja Model giv»s no real solJtlcn at all b»cau3e
(ij the ira^ d:so r»»di.-,» is .-«nerp_Uy too low, «ad ( i i )
the iuriiae r»adi.ia is too hish.

> :-i=uhaci ncdel «iv»s a real solution for ell
~KSZ points, althoiigj this =odel often ^ivea a too hij i
TOlce for v,. As a consequence, the crag disc reading
<-=hi=i .s too lo-^;, causes the value of slip to be
mci ^Trailer than 1. This tendency is c-earXy seen in
the IJO bar experiments v.-.ere only one test point yields
a allp greater thoa i.Ia the 5̂ bar erperi=e.-.t= there are
-three points vita void fractiens of about cC= 0.99.
?or these points 7, is significantly underpredicted ar.d
slip cver-pr-dictedt respectively. Taese values shift"
the *̂?an vaj.up for all experiments to a value near to
me ufaica is taea confusing. Of course, ti-.e hi?h value
olt1 indicates that any individual valuE of -/^ =^y be
ia error. la spite of these difficult ies, the agreement
of evaluated noss rlov rates vith the reference values is
scprd singly (rood.

Taile 3 shoua the re-ults for the 3" pipe tes t s .
tgj<^ the Souhani coJel gives a real solution for a l l
test points, the void fraction =odel for a l l test points
erceprt; tvc. The accuracy of tnese two nodels ia respect
Zo Taass flcv evaluation is about the sane and is vorse
than using the densitcneter and dra« disc together vith
eijustion (2). Slip is described quite veil vitc the void

rtion ^odel but inadequately vith the Hcufcaci codel.

Su=arizing the 5" and 3" pipe tests it can be
stsxed t.hat only the RouJbani s îdel is applicable for *»T ^
test points; the accuracy of the =ass flov evaluation
is cx=parable to the accuracy obtained vith the drag disc
^III.IH dersitoreter cocbination; slip is described very
iauilr. The void fraction model save better slip values
bnt vas not applicable to most of the 5" pipe tests.
Generally i t caj be stated that the accuracy of the
eralnated mass flaxes from all models (if a solution
exists) is surprisingly good even though the DTT measures
only a part of the hori:ont;U, non-homogeneous flov.

SSSS FLOW RATE FROM CALI3RATED GAJMA 22IS1TC>ZTE« AJIB

msc

Therefore, the relieving procedure is proposed:
.i _ . / „ f - , ,» \ \ ° -^

vltn

L - n <*l 'IH\ >OS

^ — |,3£ j O.5" >/j 1,_ > C.Z.
_ _ 7̂w •

" — 1.00 } o.Z ^ ^ . " J i p
Table 4 shows a cci:parisG2 cf r e s u l t s v i th aad vi th ' .o t
th-la ca l i b r a t i on for the 3" r-ipe tes*.a. An i-pruver»2t
i s d e a r l j seen. Factor A If equal to 1 for the 5"
pipe tests ; that lews the c-igisal tvo-tarsceter
ei"=tion is useS; the results (shc-Ti ag^.n ia Taile 2)
w e r e ^ ^ satisfactory.

"<= '^'- Q f a similar calibration zrc-si-^e f:T
—e o^her instrument =c-bication is not so val-^eiie
became of the slip sensitivity of the coi-respordi^s
equations.

~ c disadvantage of tvt>-rarE=eter equations i s ,
- - a t P*ase velocities t=d slip cannot be evaliated.
This can only be done iy using thr"e-par»r:^te.- ?cua-
tions. Such a =cdel <-Jsing calibration factors is
discussed in the folloving.

CALZBRATIC:! "ACTCPS

a e correct equation for ness flov rate contains
taree pai-an:eters : a., v^ and v? or oi , S and r, , vsica

^ e aodels used so fax "ere not -rery successf-^. because
^ ' hori2ontaj. tvo-paase flcv the drag disc and turbine
readings vere not modeled sat-Sfactorilj- for either ' id
5" or the 3" tests.

^ t ! i e node! presented, the readings of the single
instruments are corrected by calibration factors vh-Lci
are a function of the interface level.

It l s assumed that:

a - ^ ^ ga=a densitoneter measures tie c;ea density,p
an* "-=e v ° i d fraction ot. Tie density (vcid fracticnj
i s evaluated according to the method used by lasseir: (c)
c*"> if a length veighted method is used, vita a correc-
*i°n for flov stratification.

b - Using a single phase calibration curve (thus
assuming that the dreg coefficients in sincle-piase and
in tvo-pisse flov are equal) the drag disc measures

v W "* P3 3 4 [ 1 -
A ^ '

' If a tvo-paraceter equation is used, the equation
coAiaing the momentum flux ar.d density is =ost suited.
As Ehovn in Figure 5 , in the 3" pips tests the ratio of
drag disc reading to total tvo-phase mocentua flux was
dearly different if the interface level vas belov or
abort: the drag disc.

=• Usias tt steSle-FbBSe calibration curve the t-^rbi
measures

^ = E> (oCV! S -f- ( ' — ° * )) VJL

Free equations (ll<) and (15) i t follovs

v . •
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and (17)

A and H are taJcea fr-jrs the experiments

A - 1.2 for (y /d j i j . > 0.5

A - 0.5 for (y /d j j j - < 0.5

B - 0.8 for ( y / d ) 1 F > <y/<J)b o . t o a i Q. t u r b i n e

B - 1.1 for (y /d ) T - < (y/d)

The =aas flow rate per area
from

botton of turbine

flux) is evaluated

US)

' 111

7 V Eeir.-i.-ji, J . , Jehu, H., Lcffel, P . , Cc:hri
Stephens, A. 3 . , Scoirich , -• T.. , !0l' I 'M
Ir.5tr';z:er:t atlcr. Tests «.t r^rr.f^rs.-r. ^r_£':: o
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Table It and 5 also contain the resul ts obtained vith this
sethod. For the 5" pipe t e s t s the accuracy ."or =ass flov
rate ia s l igh t ly reduced compared to t i e tvo-para=eter
equation and the Souhar.i =3del, but s l ip and ir.ase velo-
c i t i e s are described ='jch be t te r than frcsi the other
three parameter iradeli. Ir. the 3" pipe t e s t s the
accuracy of th i s cethod is considerably higher as cca-
pared tc the other three-r.arejrete;- modtls both in =ass
flov r a t e , s l t p , and phase velocity. If the information
OD al ip and phase velocity is not of great importance,
the conbinaticn ge™a decs i tcn»ter - drag disc should be
used together vith the ca-'.ibriticn factors , vhich gives
the best accuracy for the n^ss flair r a t e .

7 e / Lassahn, D. G. , LC
Inter? r-tat:r:n, Ti

/•?/ Sclbrig, C. ». , -»

presented at the I
"ay 6-10, 1579.

Sesu l t s f ree Void
(5" Pipe Tes t s )

The readings of drag disc ar.d turbine meter in
horizontal separated tvo-phase flov in general does not
correspond to the cro-.s section averaged values. It
vas shovn that the dependency of these de-nations is
for ail investigated flov regions nearly only a function
of the height of the interface level vhich is evaluated
fron the g^rrra deasitcmeter reading. Therefore, i t is
advantageous to use this dependency to derive calibrate oe
factors vhich are only a funct;nn of this interface level.
This procedure considerably improves the accuracy of the
mass flov r5.ee evaluation for different test section
geonetries and gives good results rcr the phase velocities
and slip.

Tie proposed method is similar to another method (9)
In that both methods use the i.-.terface level as an impor-
tant quantity. The latter method has the advantage that
it. does not need calibration factors - on the other hand,
'-he range of application is more restricted. It is
thought that both methods complement each other quite
veil.
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