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INTRODUCTION 

The flow sections of superconducting magnets for modern 
accelerators (HERA, UNK, KEK) are typified by annular and 
circular horizontally oriented 'channels. Low mass velocities 
(m .< 50 kg/s/m 2) and near-adiabatic conditions characterize 
such systems. Under designing .and optimizing of a.m. construc
tions the key input data are the pressure drop AP, void frac
tion¢, and flow pattern map M(v', v''). The present report 
performs results of . flP , ¢, M(v', v") investigation. 

EXPERIMENTAL ARRANGEMENT 

The cryogenic equipment was placed in four horizontal flow 
cryostats. The experimental channel parameters are listed in 
the Table. A helium refrigerator (300 W at 4.5 K level) sup
plied helium circulation through experimental channels. The 
test bench circuit as we~l as the measurement procedures were 
described in detail in Ill . Tests covered the following par a
meters variations: mass velocity m • 20-300 kg/s/m2; quality 
x • o-1; pressure P • 0.12-0.20 MP~. 

Table 
Experimental ohannels 

channel cross sizes, measure- visuali-
I 

number section mm ments sat ion 

1 circle d•7.92 t •430 AP, ~ present• 
2 circle d .. 4.60 t •2000 AP absent 
3 annulus d •13 d2 •1 1 • 1 t •600 AP, ¢ absent 
4 rectangle h~30 A •1.0 t •400 AP present• 

• the intermediate glasses of visual seotions were kept under 
nitrogen temperature to shield thermal irradiation. 
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The electronic system made to CAMAC standard enabled di
gital measurements. A microcomputer system was added to faci
litate data processing, graphing, and recording. 

RESULTS AND DISCUSSION 

(a) Flow Regimes 

The investigation of flow regimes was carried out using 
high-speed photography. The photographs obtained bear eviden
ce of two-phase helium flow regimes being stratified (smooth 
or wavy) at low mass velocities (see Fig. I). Bubble regime 
occurrence is possible only when the , quality is small (x -~ 
~0.05). That's true for both circular channel and slot ones. 
Fig.2 shows the boundaries of bubble and stratified regimes 

a) 

Fig.1. Stratified helium 
flows for P=0.125 MPa. 
a) channel 1; m=20 kg/m2s; 

x= 0.11; b) channel 4; m= 
=36 kg!m2s; x=0.37. 
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Fig. 2. Flow pattern map of 
«r'l I I I I\\, I ~ helium. 1 - channel 4; P = 

~ =0.125 MPa; 2- pipe 
51 I I ~ I Ill I 5.8 rrm id; P=0.13 MPalll; 
to-1 2 5 1 2 .mrff" 3 - channel 1; P=0.16 MPa . 
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at P = 0.12-0.16 MPa for such channels as nos I 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,/8/. This fai
lure of popular maps is corroborated by work 141 • 

(b) Pressure Drop 

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

M'* = ( ~p - ~p, ) I ( ~ ,, - ~p , ) ' 

where ~p is the pressure drop of two-phase flow, ~P' the pres
sure drop of single phase liquid flow and ~P''of single phase 
vapour flow at m =idem • The experimental values of ~'and ~p" 
are well correlated by the calculations with the help ofCole
brook's formula for rough tubes in agreement with there-· 
sults of /5/, The obtained ~P* 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 
--- , .! - - &. .! - ·- - r . . , " . • 
a.ppL..t..\...Q.L..LVU V.I. UlVlllCULUW ~VU::JCLVdL.J..UU LdW LU t::GI.l:.ll J.J.UW pua::;e. 

The analytical solution ~*(x) for comparatively small gap, 
viz 

~/h or (d1 -d2 )/2d2 .. 0.03-0.09, 

Fig.3. Dimension!ess pressure 
droop ~P* versus qua U ty for 
P=0.125 MPa. 1- homogeneous 
model; 2 -equation (1); 3 -
solution for pipe; 4 - chan
nel 1; m = 31 kg/m 2s; 5 -
channel 4; m = 49 kgjm2s; 
6 - data 161; m =2E-50 kg/m 2s. 
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was obtained 

* p' 4/7 ., .. 117 7/4 11" 1/4 p' -.1 
~p = ([ 11.-X+X(-) (-) ] -1) ·((-) (-) -l) , (I) 

·p" 11' .,· -p" 

where 'P is the density; 71 • the dynamical viscosity, and super
scripts • and •• correspond to equilibrium liquid and vapour. 
The relationship (I) exhibits a satisfactory agreement with 
the experimental data (see Fig.3). The solution ~*(x)for 
the circular cross section case was obtained numerically. The 
results of calculation are slightly higher than those of 
eq.(l) arid-lower than HM ones (see Fig. 3). 

(c) Void Fraction 

To measure the void fraction the ¢-sensor with annular 
cross section was used !81, 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.(l) basis 

¢=(1!+ ll.-x ( p" )417 (~)1/7 )-L.. (2) 
X • , p ., 

Eq.(2) describes satisfactorily the obtained experimental da
ta (Fig.4). The ¢(x)numerically obtained solution for circular 
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Fig.4. Void fraction versus 
quality. 1 - homogeneous model; 
P:..:0.125 MPa; 2- equation (2); 
P=0.125 MPa; 3- solution for 
pipe; P=0.125 MPPa; 4- m= 
=25 kgjm2s; P=0.123 MPa; 5-
m=29 kgjm2s; P=0.123 MPa; 6-
m=33 kgjm2s; 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. 

CONCLUSIONS 

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. (I) and (2). 

REFERENCES 

I. Mamedov I.S., Salimov S.E., Filippov Yu.P. JINR Communica
tions P8-84-156, Dubna, 1984 (in Russian). 

2. Baker 0.- Oil Gas J., 1954,v.53,p. 185-195. 
3. Mandhane J.M., Gregory G.A., Aziz K. -Int. J. Multiphase 

Flow, 1974,v.l, pp.537-553. · 
4. Theilacker J.C., Rode C.H."An Investl.gation int:o riow ~~-

gimes Two-Phase Helium Flow". FNAL SSC CRYO, Batavia. 
5. Hakagava S. et al. Proc. ICECIO, Helsinki, 1984,pp.570-573. 
6. Danilov V.V. et al. JINR Rapid Communications, No.IS-86. 

. 6 

Dubna, 1986, pp.42-50. (in Russian). 

Received by Publishing Department 
on May 24, 1988 • 

~,., 

~HnHrrrroa ID.IT., MaMe~oa H.C., 

CemoHHH C.ID. 
XapaKTepHCTHKH ropH30HTaJibHbJX ~ayx4Ja3HbJX 

ITOTOKOB reJIHH ITPH HH3KHX MaCCOBbJX CKOpOCTHX 

E8-88-360 

llpe~CTaBJieHbl pe3yJibTaTbl 3KCITepHMeHT8JibHOrO H TeopeTH

qeCKOrO HCCJie~OBaHHH pe~HMOB TeqeHHH, rH~paBJIHqecKoro co

rrpOTHBJieHHH H HCTHHHOrO 06beMHOro rrapoCOAep~aHHH ~ByxtlJag

HbJX ITOTOKOB reJIHH, ~B~y~HXCH B ropH30HTaJibHbJX KaHaJiaX 

KOJib~eaoro, ~eneaoro H Kpyrnoro ceqeHHH rrpH OTHOCHTeJibHo 

HH3KHX MaCCOBbJX CKOpOCTHX H yCJIOBHHX, 6JIH3KHX K a~Ha6aT-

HbJM, 

Pa6oTa BhliTOJIHeHa B 06~eHHCTHTYTCKOM HayqHo-MeTo~H

qecKOM OT~eneHHH OHHH. 
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Characteristics of Horizontal Two-Phase Helium Flow 
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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. 
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