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Abstract

This report describes a measurement technique based on the use of
two quick~closing valves gimultaneocusly operated at the inlet and
cutlet of channels, for the determination of density in two~phase
(gas+liquid) mixtures in adiabatic and heated conditions.

The errors inherent in the measurement technique are also discussed.

Systematic experiments were carried out under the following con-
ditions:

Flow: wvertical
Geometry: round conduits 1.5 em I.D» 5 0.9 cm I.D.
19 rod bundle 1.0 cm 0.D., rod-rod clearance=rod-pressure tube
clearance = 0.138 cm, with and without filling rods.
Fluids: argon-water mixtures
argon-ethylalcohol mixtures
argon-acetone mixtures
steam-water mixtures
Flowrate: 5 + 250 g/cmzs
Quality (by weight): adiabatic conditions (average) O + 0.80
heated conditions (inlet) - 0.15 #-0.02

e
Heat flux (with steam-water mixtures): O + 200 W/ cm

Unly experimental data are reported here. An interpretation of the

results will be presented in a further report.
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1, INTRODUCTION

1. 1. Density (local and average) of two-phase mixtures in steady and
transient conditions (or liquid or gas volume fraction, also called
“yoid fraction“) is one of the mcst important quantities for the design
of steam genaraiting powser channels for nuclear reactors. In particular,
in the case of pressure tube reactors, heavy water moderated, light
water cooled and natural uranium fuelled, the water hold up in the
channels (or the mixture density with reference to a given channel vo-
lume) has a direct impact on the core reactivity; as a consequence
this limits the fuel neutronic 1life and; what is also important, de-
termines the reactor behaviour from the reactor control and safety
point of view.

A greoat deal of both theoretical and experimental work has been
undertaken in the last years on this subject.

A brief review of the literature available has been carried out
in(1) where the results of an experimental investigation carried out
at CISE in this field 1s described in detail. Since the publication of

(2)(3)

this reference; new approaches have been attempted and some new

(4)(5)(6),

data have been pressnted ; however, even at the present time,
among the data 30 far published; those obtained in a range of flowrates,
quality, physical properties and geometries of interest for the CIRENE

reactor (D,.0 moderated evaporating light water cooled; natural uranium

2
fuelled(7>) are very scarce; besides the influence of heat addition is

far from being clear.

1e2. The problem still exists of obtaining a measurement method which

should be accurate enough in the range of interest. In fact, in the

case of high quality mixtures, such as those foreseen for the CIRENE




power channels; the quantity %o be measured directly is not the wvoid

or gas volume fraction since the density does depend only weakly upon

(%)

this quantity u s but the liquid volume fraction or the slip ratio.
Thus, the methods for measuring &K, as for example the radiation at-
tenuation techniques or the dilatation technique for one component
systems, may have heavy drawbacks in this range. Furthermore the method
must be suitable for eventual measurements in complex geometries such
as rod bundles.

Several methods have been developed at CISE for directly measuring
the liguid volume fraction or the mixture density. In the case of two-
-phase two-component mixtures in adiabatic condiiions through succes-—
sive investigations, a dilatation technique was developed, which was
basged on the variation of a liquid level in the separator(e): this
method proved to be quite accurate since (1- o) was the quantity directly
measured but it was found that the measuring time was quite long.

For measuring the density of siteam~water mixtures at high pressure
with and without heat addition a method based on the use of a dilata-
tion technique was developed, first for operation in closed-loop faci-
lities(9), successgively in open-loop facilities(1o)(6)a

As it has applied to steam-water mixture system, the method gives

the void fraction of the test element through the mass balance of the

Y SR

fluid filling the overall loop (open or closed).

(%)
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This method requires consequently a preoper design of the experimental
Tacility in crder %o minimize the density variations (versus quality)
of the fluid along the primary duct outside the test element: therefore
the accuracy of density measurement, which is derived from the void
fraction value, can be unsatisfactory in the case of large quality
mixtureé and even more S0, when the inlet quality is positive. Neverthe
less the use of this method; provided fully developed, is valuable
since it can be applied also in the case of complex geometriss such asg

rod bundles.

1«3. In order to overcome the difficulties inherent in the development
of the dilatation technique (which were not such as to discard this
method) a measurement technique based on the use of two quick-closing
valves simultaneously operated and located respectively at the channel
inlet and outlet was developed.

In principle this technique has the great advantage of the dilata-
tion technique, that is, it can be applied to whatever geometry; morever
in the case of two-phase two-component mixtures in adiabatic conditioﬁs
the liquid volume fraction is directly measured while with one—-component
mixtures, (in heated or adiabatic channel) the mixture density in the
channel is directly measured.

The method has however a drawback since only average density measure-
ments over the power channel length can be performed (the difficulty
however can be overcome by a proper procedure which will be discussed
further on).

Incidentally in transient conditions discrete but high accuracy mea-

surements can be performed while it is impossible to have a continuous

recording of density transients.




1.4. The work referred to in this report was carried out with two
experimental facilities available at CISE.
The experiments carried out with two-phase two-component mixtures

(with different geometries) were obtained with the IDRA facility

(11)

©

installed at the CISE laboratories and which is fully described in
The experiments carried out with steam-water mixtures in heated
tubes were obtained with the IETI—1(12) experimental plant located at
the Emilia thermal power station of ENEL at Piacanza.
This report describes the gquick closing valve technique and gives
a brief presentation of the results. Detailed analysis of the experi-

mental data will be reported furtherly.




2. GENERAL CONSIDERATIONS ON THE MEASUREMENT TECHNIGUE

In principlis the m2asurement of average density or of overall mass
content 1n a chamnel of a wwo-phase mixsure by means of the quick-
-closing-valve methcd is rather simple. But in practice it requires
the soiution of some welghty technologiscal problems, especially in
the case of heated channsls at high tasmperature and pressure. In fact
the method has been applied by a number of researchers to adiabatic
channels witn gas-liquid mixtures at low pressures(13)(14)o

Briefly, the experimental procedurs consists, cnce operative con-
ditions have been reached. in closing simultaneously a set of two sui
table valves located at the channel Dboth ends and draining and weighing
the relevant mass content.

The reliability of this method is strictly connected with the follow-
ing requirsments:

-~ the mass hold~up of the channel must not change during the closing
transient;

~ the volume comprised between each one of the two valves and the chan-~
nel ends must be small enough, compared *o the channel volume;

~ the mass content must be drained 30 2s to make any possible loss of
mass negligible.

Ubviously these requirements can be fulfilled in different ways ac-

cording to the experimental conditions e.g.: c¢ne or hwo-component mix—

tures, adiabatic or heated channels, as well as pressure and temperature.

2s.1s Adlabatic channel

Let us consider first +the zase of an adiabatic channel, clcsed at

the ends by two valves (Fig. ta): the overall mass conbent MTS’ which




is present in the volumse VTS of the channel at time O for fixed valuses

of Py G and X, does not change during the closing time 7’y if we have:

- 1
/G. A, di fc} A dh
in 1in ax ex

Q Q

i

When the two valves have the same configuration and are operatsd
gimultanscusly, since Xin = Xex = X, the flow resistances across the
inlet and exit valve respectively are always equal during the closing
trangient. Therefore the flowrate transients are similar and the error
in the MTS measurement 1s negligible even if T is not very small.

Obviously 7 must be smaller than the transit time T = ¢ %‘of the
mixture over the channel length, in order te¢ avoid the development of
a different phase distribution or hydraulic regime, which would cor-
respond to the lower values of G which can set in, before the valves

(1),

are fully closed

According to some experimental measurements, the density results
begin to change only when this time is approximataly equal %o or longer

than the %transit *ime of the channel.

it s WS

For this reason, in the choice of a valve for adiabatic measurements,
\ L
the closing time should not be longer than abcut T = ¢ G
>4

When the valves are located right at the channel ends one gets

M !

TS M i

M =M S) m —— o —— g
Ts TS VTS VTS :

However in the case of complex geometries such as rod bundles, at

high temperature and pressure, sometimes it is net possible to locats

the valve at the channel end, and thus there are two volumes V' and V¥,
respectively upstream and downsitream of the test section ends. Thus:

- [ ] :
M MTS + M'" + M ¢

IR s A A VAt s
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S R 3 KNS i 6 1

=

TS M V! "
P =T =7 - |0X) 7+ 0" (X) —
‘IS Vpg o Tpg ’ Vrs s Vos

If the configurations of V' and V" are similar, 0"(X) =Q'(X) and we

obtain
M , vt o+ y"
== - o' (x) (——)
§)TS VTS 9 VTS

9'(x) or ?”(x) can be evaluated in a first approximation on the basis

of empirical correlations developed for other experimental data, relevant
to experimental conditions not too dissimilar or it can be measured by
connecting V' directly to V', eliminating the test section. The overall
measurement errortS?Ts, neglecting the error inherent in the determina-

is given by

tion of the volumes V', V" and VTS’
Sl N!
é?Tszx;SM”S?' Vv+ .
T3 T3

The impact of(SO' on the results decreases with the decrease of the

vty
ratio _—V_-—_ .

TS

The draining procedure of the mass closed between the valves is
slightly different for a one-component mixture than for a two—-component
mixture.

In the first case, with relative high temperature and pressure
operating conditions, the overall mass is cooled before being collected
in order to condense the steam phase and to lower the temperature below
the saturation temperature at atmospheric pressure. However, as a conse
queice of the condensing operation, the pressure decreases and external
£as must be supplied in order to purge the channel.

Two-component mixtures are generally at room temperature and there-

fore the closed mass can be drained directly into a separator: thus only'




the liquid mass (1-&) @, vTs is collected (the gas phase can be used

as purging gas).

With both draining procedures a mass ML, not completely drained or
saturating the purging gae, may be lost. This losg can be evaluated,
for example, by comparing the value of a known mass introduced in the

channel with the one correspondingly drained.

2+.2. Heated channel

In the case of a heated channel the following remarks must be made:
- the inlet quality xin is different from the exit quality Xex;
- a1 time O the channel is electrically heated and the corresponding
power is WTSo

2.2.1. Since Xex > Xin, the equality and the synchronism of the two

valves 1s not sufficient tc insure that inlet and exit flowrats transient:

are similar: in fact the pressure drops across the valves, other operating

conditions being fixed, increase with quality.

Hence in the time T the inlet flowrate decreases more slowly than the

exit flowratse. In this case one geta:

= §
M MTS +0o M
T T
Su - /G,A, dt - /GA it > 0
in in exX ex -
[o] Q

The value of SM is not easy tc be derived but an evaluation c¢f iis

limit is possible. In fact &M will be maximum if (Fig. 2a):

- at time O A =G A =06A=[
in in ex ex
- during the time interval O +T G A = 0O
ex ex
A =gA=["
in in

- 8 -



~ at time &7 G A =G A = Q

Then in the worst conditions one gets:

SM =0 A

f and the maximum error(§§és will be

— _$M _gar G ,
é?Ts“VTS T AL T (see Fig. 3)

N
Keeping in mind that T = ?Ts G We obtain:

50 _x
s T
This caliculation gives the upper limit of the error of the measured

densitys: the actual inlet and exit flowrate transients will be as showa

TR AR A AR B TSI SN Bt O T o

in Fig. 2bs
; Moreover this treatment shows that the valve closing time is far more
important than in the case of adiabatic channels: in fact if T = T the

upper limit of the relative error is 100%.

R o A TS S R s €5

; 2e2+.2. When the valves cannot be located right at the ends of the heated
length, the contribution pof the two consequent adiabatic volumes V' and
V", located upstream and downstream respectively, must be taken into

account (Fig. 1b). In this case one gets:

Moo= M+ M' o4 MM

TS
~ Urs  x M' OM" M vt x ). x )
?'Pg = = - - = - 9! X e n(x

Yos Vps Vos Vog Vps Vps s Vg 9 Yex

wheres P' and‘P” are functions of inlet quality (Xin) and exit quality

X : i o
( ex> respectively




The overall maximur measurement errorfg?TS, neglecting the errors

inherent in the measurement ¢f volumes Vi, V¥ and VTS’ is given bys

Su v Vi
é_ ="""+-“-"“c53>'+--'¢59“
Prs Vs Vg Vg

When xin < 0y 9' ig knewn with a good degree of accuracy from the
measurement of the test sectiicon inlet temperature T, » 8ince Q' = 9)' (T, )
in in
1f Xin and Xev > 0 9' and 9)“ can be evaluated in the same way as

suggested for the case of an adiabatic channel: the impact of 55” and

‘V‘I

55’” on the resulis decreases with the decrease of the ratios and
A VTS

;F—- respectively.
TS

It is worth meutioning that in the case of heated channels the problem
of minimizing the volumes V' and V" is far more difficult: in the usual

configurations of annular and rod cluster test sections it is hard to

¥ W
reduce the ratios A and = to less than O.1 and only in the case
VTS VTS

of circular tubes, can these ratios be made negligible, by using ball
valves.
The draining procedure of the mass cleosed between the valves is the

same as in the case of an adiabetic channel with a one-component mixture.

262.3. Normally the power WTS is switched off when both valves are
fully clecsed in crder to make any variation of the quality profile negli
gible along the chamnel during the valve closure; when T is very short,
no significant errors can arise even if the power is switched off during

the closing time.

S

Therefcre the shutdown transient of the paswer WT must be examined
essentially with regard to a possitle test element damage.

If the power WTS is 0 2t a time T >7T we have, in the t% -~ T interval,

- 10 -



%

a heat input Q = J/’Wbs dt to the channel. Since the heat transfer

T
coefficient is high in two-phase flow, in a first approximation we may

consider that the overall Q is transferred to the mixture, which under
goes an isovolumetric transformation, since the channel ends are closed.
The consequent increase in pressure and temperature can be evaluated

by the first principle of thermodynamics. One gets in fact (neglecting

V' and V")
TO
Mg AH - A Vpg) = / ing 4t = Q (Wpg, T)
T

Urg = Prg Vg

?Ts Vpg AH - VTSAP =9

where H is the specifiec enthalpy of the mixture.

Hence the pressure increase AP is given by

= 9 _
AP - FpsAE + (VTS)V T

This equation, for fixed values of Q, VTS’

diagram for water-steam (or any table of thermodynamie properties),

§TS’ can be solved by Mollier

keeping in mind that P and H change at constant specific volume

Vpg T 1/53Ts‘

In Fig. 4 a graph is shown of AP versus Q/VTS for different v,

2
50 kg/cm at time T : the increase in temperature can be

assuming P
calculated by reading the saturation temperature in correspondence with
the wvalue of P.

Pressure may reach dengerous values with regard to the gafety of the

2xXperimental plant, while the corresponding temperature is not too high

for the usual structural materials of the heated channelsg: in fact in




2
the saturation region the maximum pressure is 225 kg/cm while the

maximum temperstiure ie 374 °C.

Moreover it must be noticed that, other conditions being fixed,AP
increases with the specific mass flowrate G because WTS and the conse-

quent @ value is higher.

2¢2.4. In conclusion, the main difficulties limiting the use of the
quick closing valve method in the case of heated channels at high
temperature and pressure, are inherent in the valve requirements, namely:

- operation at high temperature and pressure;

- short closing time: less than 0.01 second for most channel lengths

and specific mase flowrates considered (see Fig. 3);

~ tight seal without any leakage, even after several opening and closing

operationse.

- 12 -



3. ADIABATIC CHANNWEL

3.1 BExperimental apparatus

The measurements of the liquid volume fraction in adiabatic condi-~
tions, by means of the closing wvalves method, have been carried ocut
with the IDRA experimental facility, already described in(11) and whose
schematic flowsheet is presented in Fig. 5. This experimental facility
may operate at room temperature up %o a pressure of 25 kg/cm2 with a
two—-rhase two--component mixtures.

The two-phase mixture is formed in a tee-mixer with the gas entering
the rum side, the liguid is injected through an annular shot with an
adjustable aperture. After passeing through a calming section the mixture
enters the vertical test section, which leads into a high efficiency
separator out of which each separated phase returns to its own circuit.

The experiments have been performed with a circular tube and a 19

rod bundle.

circular tube

- inner diameter 15 cm
- length (betwsen the closing valves) 210 cm

- valvea: ball valves having a bore diameter equal to that of the tube

rod bundle (Fig. 6)

- number of rods 19

- external diameter of rod 1.02 <cm
- gap 0.138 cm
- inner diameter of shell 5.76 om

- length (between the closing valves) 200 cnm




without filling rods

-~ equivalent diameter 0.534 em

—~ flow area 10.55 cm2

with filling rods

- filling rods n. 12 @ 0.4 em
ne 6 @ 0.5 cm

- equivalent dismeter 0.303 om

~ flow area 7.86 cm2

- valves: rotating plate valves (see Figs. 7-8), whose cross flow area

in the open position has the same configuration as that of the cluster,

in order to avoid disturbances on the velocity profile.

In both assemblies the connecting volume V' and V" can be neglected
if compared with the volume of the test element. The valves are connected
by means of a wire in order to be closed simultaneously and are operated

by means of a load spring: the closing time was about 0.5 second.

3.2. Experimental procedure

The experimental procedure is as follows:
a) achievementi of flowrate, pressure and quality operating conditions

which is given by

I
X = —~——£L—': the main valves are in the open positions
[-71+/-7g
b) valves closed;
c) drainage of liquid mass content, that is collected in a separator,
the gas phase being used as purging gas;

d) opening of the valves and achievement of new operating conditions.

- 14 -



The drained mass has been corrected for the loss ML, which has been
evaluated by comparing a known mass, introduced in the channel, with
that correspondingly collected. On the basis of our measurements, ML
regsulted of the order of 0.01 5)1 VTS‘

3.3. Results

About 250 data with the circular tube and 350 data with the rod bundle
have been obtained; the ranges of experimental conditions are summarized
in Table A, while the results are presented as (1-A) versus (1- Xv) in
Table 1-27.

The experimental errors can be evaluated as follows:

- S(1-) = 0.01

- d¢9
- &X

0.008 g/om3

H

0.01 + 0.02

The experiments have been performed at room temperature with argon,
as gas phase, and water, alcchol or acetone as liquid phase, in order
to investigate also the influence of the liquid physical properties on
(1=-ol).

The trend of the physical properties of the employed fluids versus
temperature and pressure are shown in Figs. 9 - 10 - 11 - 12 where also
those of steam-mixtures are reported.

In Figs. 13 - 19 some results are plotted as (1-A) versus (1 - X ).

(1) 7

4 comparison of the data obtained by the dilatation technique with
those obtained by closing valve technique is shown in Fig. 13: the
rgreement is quite good and the small differences for low and high qua-
lity values can be due to the dilatation technique which gives a greater

error in these regions.

In Figs. 14-15 the effect of surface tension is presented: the trends

- 15 -




of data, obtained with alcohol or acetone (Fig. 14) respectively as
liquid phase, are different in the high quality region, being the other
experimental conditions fixed. Alcohol and acetone have about the same
density as well as the same surface tensicn while the viscosity of
alcohol ie about three iimes larger than that of acetone; for this
reason the different trends can be explained on the basis of the dif-
ferent values of viscosity or of some other unknown physical properties.

The influence of specific mass flowrate is outlined in Figg. 16 ~ 17
while the effect of gas density can be observed in Figs. 18 -~ 19,

The effect of the physical properties as well as the effect of maass
flowrate and test element geometry on the volume fraction of liquid,
will be analyzed in detail in a report to be published.

For the time being it is worth mentioning that on the basis of the
present results, the dependences of the liquid volume fraction upon
the aforementioned parameters appear to be guite similar to those out-

lined in a previous work performed at GISE(1)=

- 16 -~



4., HEATED CHANNEL

4. 1. Bxperimental apparatus

The requirements for She application of the quick-closing valve
method %0 heated channsgls; have been fulfilled by the design and
zonstruction of a special hydraulic valve directly closed, by means
of a piston, by *he channel pressure itself (Fig. 20).

The calculadlon of the elosing time 7 is given by the equation:

— j2 s m 2 9nm
T VYrr, T \aeoe)
£ f

where
s = closing stroke
m = mass of moving parts of the valve
F = pushing forcs
Ff = friction force
£ = piston cross sschion
P = channel pressure
Pf = minimum cleosing pressure required for overcoming fhe friction
of the piston seal.
In the zase of *the valve adopted for %the experiments described here
we hads
m = 110 g
8 = 0.55 ¢cm
Pf = 4 k;g/cm2
= 2,54 cm2

2 . -2
In sorrespondsnse with P = 10 kg/um , & is 0.31 10 s (the experimental

2
values esqual to 0.4 10 = agres well with this figure).

This valve model provad %o be very satisfactory hehaviour up to




50 kg/cm2 and by some improvements it can operate at an even higher
Pressure.

The experiments were carried cut with the IETI-1 plant of CIBE: a
flow diagram of the plant (which is an open circuit) is given in
FPig. 21, while the quick-closing-valve apparatus is)shown in detail

(12 .

in Fig. 22. The main components of the plant are :

a2 volumetric pump system (reciprocating, 4 pistons with flow dampers)

2
rreviding a flowrate of 1200 kg/h and a head ¢f 180 kg/em”, operating
at room temperature;

& water preheater heated by means of elsctrical a.c. power, controlled

from O up to 700 kW;

a test section, heated by means of 8 d.c. rotating generators, pro-

]

viding & maximum power input of 200 kW;

& condenser and cooler system, lowering the temperature of the fluid
belew 100 °C.
The test section pressure is controlled by means of the valve located
at the cocler outlet; the fluid being discharged at atimospheric pressure.
For deneity measurement three valves have been provided (Fig. 22):
two (IV and EV), having larger-sized pistons, for closing the test
section ends, and one BV, with smaller piston, for closing the by-pass
channel.

The main valves of the test section are connected by means of a stay
rod, sc a3 t0 be operated simultaneouely, and are manually opened by
a jackscrew. The by-pass velve BV is opened directly by valves IV and
EV in the clusing stroke; thus the flow is by-passed and the loop
themohydraulic regime changes very slightly during the measurement
operation.
A comparison between calculated and measured closing times of test

section valves is shown in Fig. 23: T is lese than 0.071 second for

- 18 ..



. o 2
pressures higher than 5 kg/om .

The input powar WT is switched off by the main valves at the end

S
of the closing stroke.
The mass content of the itest seciion is drained through IV, which
is at the apparatus boitom, condensed by a small surface condenser,
collected in a separator and then weighed by a precision balance.

During the drainage, gas can be supplied to the test section through
the valve EV, which is at the apparatus top, in order to pressurize

and purge the channel; otherwise the decrease of test section pressure

would lead %o the opening of the main valves IV and EV.

4.2. Bxperimental procedurs

The experimental procedure is the following (see Fig. 22):
a) achievement of operating conditions of flowrate, pressure, inlet
quality and test section power input: IV and EV open, BV closed;

b) IV and BV closed and BV opened simultaneously, W switched off;

TS
c) GV opened;
d) DV opened, mass content M drained and weighed;
e) DV and GV closed;
f) IV and EV opened and BV closed gimultaneously;
g) achievement of new operating conditions.
Some preliminary measurements have been performed at W = 0,

TS
Xin £ 0, in order to compare the experimental density with the density
calculated on the basis of a measured mean temperature of the liquid.
The error of mass content, drained with this precedure, resulted in
1 gy under the worst conditions.

In the case of negative inlat quality Xing preference was given to

a different procedure for data collection minimizing the error due to




the contribution of the mass M., which is not completely drained or

L
vented through the saturated purging gas.
The procedure coneists of two different tests: one corresponding
to W, = 0O and X, =X < O and the other corresponding to the desired
TS in ex
conditions: since ML is essentially a function of the drainage procedure,

at the same values of P, G, Xin and different W__, one gets:

TS
~ when WTS =0 Xex = xin < 0
M(0) = M (xin) + MTS(O) + MY (xin) - M (1)
~ when WTS > 0 Xex > xin
UWpg) = M' (R; ) + Mg (Wpg) + M (X)) - My (2)

by subtracting (1) - (2) we obtains:
M(0) - U(Wpg) = Upg(0) - My (W) + M (X ) - M (X )

Keeping in mind that:
MTS(O) - 9(Xin) VTS; M“(X:'Ln) = 9" (xin) v M"(Xex) =9" (xex)v";

- Mpg (Wpg)
Fng (Wpg) = Vos
one hasgs
— M(O) - M(WT ) 4]
Sog (Wpg) =9 (Xy,) - Vs > +[V;’s Q" (Kp) - 9" (xex)]

where §TS(W‘I‘S) is the channel average densiiy in correspondence with
the heat input W’I‘S (%0 which an exit quality equal to Xex corresponds).
Thus V' has ne influence on results, and the contribution due 1o HL
is made negligible.
The test section geometry (Fig. 22) at 20 °C is the following:

~ inner diaemeter 0.9 oem

- 20 -



— heated length 200 com

— heated volume VTS 1275 cxn3
— adiabatic inlet volume V! 28.5 om
- adiabatic exit volume V¥ 23.3 cm
; V! VAN
In this preliminary apparatus —— and = ratics were not reduced
VTS VTS

to the minimum possible values.

4e3s Preliminary results and erroras

After setting up valves, seal and control system, experimental runs
at 30 and 50 kg/cm2 were performed: the resulis are presented in Tables
28-35 and in §;TS VS Xex diagrams for constant values of P, G and xin
(Figs. 24 — 25). The method has given very good results, with a repro-
ducibility better than 0.01 g/mm3 (Fig. 26) in the whole rahge; the
cloging time of the valves was lower than 0.01 second. The maximum densi-
ty error of the presented results, which - being preliminary - do not
correspond to the best performance of the apparatus, is + 0.01 g/cm3
for lower G and + 0.016 g/cm3 for high G, while the quality error is
+ 0.01 + 0.02,

The density of the mixture in the exit volume V" has been evaluated,
for the calculation of E;TS’ on the bagis of measurements carried out
in adiabatic conditions on IDRA plant: the volumes V' and V" have been
directly connected and the correspondent density or (1-d& ), for different

values of G, have been measured by using a two-phase two—compenent

mixture, simulating steam-water mixture at a given pressure (Fig. 27).




5« CLOSING REMARKS

It appears from the results obtained that the quick-closing valve
technique is quite suitable for mixture densiiy measurements in adiaba
tic as well a8 in heated channels, since it gives a sensitivity and
an accuracy betier than most other techniques (local and global) in
the overall range of quality.

This technigue can be applied 1o any experimental plant for two-phase
flow studies, without any important modification. No significant dif-
ficuliy arises in the case of complex geometries such aé rod cluster
channels.

In the case of heated channels this technique gives only a direoct
measurement of the overall mass contenti or of the average density.

Nevertheless any useful information on the density profile along
the channel, can be obtained by thie technique under the following
conditionss
- Bubcooled void fraction negligible or positive inlet quality;

- heat flux effect, in the positive quality region, significant but
not high, as it appears from the very few existing data and also from
the analysie of heat flux effect on the entrainment.

We can integrate the density adiabatic profile, obtained under the
same conditions of pressure, flowrate, geometry, versus quality, taking
as integration limite the inlet and exit quality of the heated channel
respeciively, and we can compare the average value of density mso calcu-
lated with the experimental one obtained in heated conditions.

When the two values are not in agreement, s significant heat flux
effect is present and it may distributed along the adiabatic density
profile, according to tentative criteria, in order to obtain a modified

dengity profile having the same average value as the measured density

- 22 —-



in heated conditions.
Moreover, by changing the heated length or inlet quality at the
same experimenial conditions, it is possible to get more information
on the heat flux effse:st and even on the subsooled void fracition.
Obviously this precedurse for density profile calculation is ap-
proximate but it may give more accurats results than it may be obtained

by local vold technique, which are generally affected by a grsater

error with respect to the quick closing valve method.




o

Homenclature

& W B B2 I o 9

< 3

S o 0 X =D 3 8 <

flow area
torce
total specific mass flowrate
specific enthalpy
mass hold-up betwsen closed valve
piston maas
absolute pressure
heat input
valve stroke
L
transit time = ?'E
volume
gpecific volume = l/?
power input
mass flowrate
piston cross section
mass quality
volume guality
density
closing time

time at WTS = 0

Subscrigts

ex

F

exit
friction
£AB

iniei

1iguid



Superscripts

inlet adiabatic volume
exit adiabatic wvolume

- average value
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Element. round tube 15cm. 1D

Gas phase . argon

Adiabatic conditions
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P 4
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Element: round tube 15 cm D
Gas phase argon
Adiabatic conditions
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Element: cluster 19 rods O0. 1cm.
Gas phase: argon
Adiabatic conditions
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Element :
Gas phase : argon
Adiabatic conditions

cluster 19 rods 0.D. 1 cm.
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cluster 19 rods 0.0 1cm. with filing rods
Gas phase: argon
Adiabatic conditions
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Element: round tube 0.9 cm. D

Mixture : steam-water
Heated length : 200 cm.
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Fig. 1 - Sketch of channel confipurations.
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Fig.

12 - Viscosity of employed liquids versus temperature .
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