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at P = 0.12-0.16 MPa for such channels as nos 1 and 4 (see the
Table). The results for comparatively thin annular channels
obtained earlier are rather similar to these data. A signifi-
cant discrepancy should be noted to exist between data presen-—
ted and those from Baker 2/ and Mandhane et al.’/3/, This fai-
lure of popular maps is corroborated by work’% .

[

(b) Pressure Drop

The experimental results on pressure drop for stratified
flows AP* vs x are plotted in Fig.3, where x is the quality
and AP* is the dimensionless pressure drop

AP*= (AP - AP’) /(AP - AP") ,

where AP is the pressure drop of two-phase flow, AP’ the pres-
sure drop of single phase liquid flow and AP”of single phase
vapour flow at m=idem . The experimental values of AP’and AP
are well correlated by the calculations with the help of Cole-
brook's formula for rough tubes in agreement with the re—
sults of /%, The obtained AP* data are perceptibly lower than
the results of homogeneous model (HM). At the same time some
experimental points from /5/ are approximated well by the HM
correlation.

The theoretical analysis was carried out based upon the
appli(,ation of womeniuw Couservaiilui 1aw LU eachh L1OW phase.
The analytical solution AP*(x) for comparatively small gap,
viz
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Fig.3. Dimensionless pressure
drop AP* versus quality for . /4]
P =0.1256 MPa. 1 - homogeneous j)ﬁ@_
model; 2 — equation (1); 3 - .

solution for pipe; 4 - chan-
nel 1; m = 31 kg/m%; 5 - ’

N

channel 4; m = 49 kg/m2s; 02
6 - data’%; m =25-50 kg/m%s. s
(-
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was obtained

AP*= ([ 1-x+x (LT (27
'pll 7,'

where p is the density; 5 ,the dynamical viscosity, and super-

scripts * and " correspond to equilibrium liquid and vapour.

The relationship (1) exhibits a satisfactory agreement with

the experimental data (see Fig.3). The solution AP*(x)for

the circular cross section case was obtained numerically. The

results of calculation are slightly higher than those of

eq. (1) and lower than HM ones (see Fig.3).
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(c¢) Void Fraction

To measure the void fraction the ¢-sensor with annular
cross section was used 78/, The capacitance C served as sensi-
tive element. It was connected in an oscillating contour and
the C(¢) function was determined through resonance frequency
shift, which was measured according to radio-frequency proce-
dures. Some results of ¢(x) measurements are shown in Fig.4.
It can be seen that under stratification HM calculations over-
estimate the ¢ values considerably. The analytical solution
¢(x) for annular (slot) channels was obtained on the same as
for eq. (1) basis
o t1-x P a1 0 17 A
=+ ———(—) (=) ) . (2)
x o p
Eq.(2) describes satisfactorily the obtained experimental da-
ta (Fig.4). The ¢(x) numerically obtained solution for circular

9 -4 .
o-5 ~
5-6 o7 \3
0-8 j/ [ o] =
0.6 Vi Fig.4. Void fraction versus
./ quality. 1 — homogeneous model;
04 / WA\2 P=0.125 MPa; 2 - equation (2);
T4 P=0.125 MPa; 3 - solution for
pipes P=0.125 MPPa; 4 - m=
0.2 =25 kg/m2s; P=0.123 MPa; 5 -
m=29 kg/m%; P=0.123 MPa; 6 -
m=33 kg/m%; P=0.129 MPa.
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channel is also plotted in Fig.4. As the figure shows, the

annular channel curve and the circular one are intersecting,
and the corresponding values of slip factor differ by about
30-50%. The ¢(X) was measured for the circular cross section
channel as well. However, the results are just preliminary.

CONCLUSTIONS

There is a significant difference between two—phase helium
flow bubble and stratified regime boundaries and those from
the well-known pattern maps. Under the considered conditions
and channel geometries the pressure drops as well as the void
fractions perceptibly diverge from homogeneous model results
and can be calculated through eqs. (1) and (2).
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NMOTOKOB reJjIHsi NPH HHU3KHX MaCCOBBIX CKOPOCTAX
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llpencraBneHs pesynbTaTh 3KCHEePHMEHTANBHOIO H TeopeTu—
YeCKOro HMCClefOBAHWA DEXMMOB TedyeHusdA, IHAPABIIHYEeCKOro co—
NPOTHBJIEHHS M HCTHHHOrO O6BEMHOI'O0 NapocojepxaHus OByxbas—
HbIX TOTOKOB reJlHA, OBUKVIHXCS B TOPDH3OHTANBHLIX KaHanax
KONbleBOTI'0, MEJIeBOro M KPYIJIOr0o CeYeHUH NpH OTHOCHTEJIBHO

HH3KHX MACCOBBIX CKODOCTHAX H YCIOBMAX, OIU3KUX K aguabar-
HbIM.

PaGora BrmosHeHa B O6meHHCTUTYTCKOM HaydyHO-METOOH-
yeckoM oTgeneHun OWAH.

[Mpenpuit O6beMHEHHOro KHCTUTYTA ANEPHLIX HccnegoBanuil. [lyOna 1988

Filippov Yu.P., Mamedov I.S.,
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Characteristics of Horizontal Two—-Phase Helium Flow
at Low Mass Velocities
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Two—-phase helium flows experimental and theoretical
exploration results, including data on flow regimes, pres-
sure drop, and void fraction, are presented. The circular,
annular, and slot channels are examined. All the consi-
dered data are for low mass velocities and near—-adiabatic
conditions.

The investigation has been performed at the Scientifi-
cal-Methodical Division of High Energy Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1988




