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This paper details an investigation of two phase, water/steam,
pressure drop on' a 10 e¢m diameter test loop sited on the Uairakel (NZ)
steam field. Measurements of straight plpe and duct component losses are
presented usin_? a liquid velocity derived fam a void fraction correlation.
A horizontal floW straight pipe correlatlon is presented based on data from
a 20 cm diameter plpeline and component pressure losses are demonstrated to
be of such a magnitude as to be significant In a two phase pipeline retic-
ulation system.

INTRODUCTION

In the majority of wet geothermal fields, the I:hases are separat-
ed at the well head and the vapour phase reticulated to the power statlon.
Takahashi et al (1970) and Jams (1968) discuss the economics, advantages

and disadvantages of a two phase transmission system. The authors state that
such a system has potentially more power, improved economics, savings in sur-
face drainage, less noise and no discharge to atmosphere. The mixture would
be handled as if it were a sIngle phase fluid and would be piped fam the well
'head to an overland line far transmission to the power station. Here it would
be separated in a number of stages In series, the steam from each stage enter<
ing the turblne. The final reject water is then at one location instead of
at each bore. James (1968) compared the exlsting Wairakel design producing
160 MW with that of a system, designed for an optimum well head pressure of
6.7 bar, employing steam water reticualtion and demonstrated an incfease in
power of the order of 90%depending upon the number of stages of separation.

The deslgn of a safe and efficient pipe network for carrying a one
component two phase mixture over long distances requires information describ-
Ing the structure of the flow, the expected pressure drop and quality changes
occurring due to the perturbations caused by various components and fittings.
Pressure and quality gradients are not the'only two phase system design con-
siderations. Experience with single phase systems showed that a slug of water
travelling-in a high velocity vapour stream or a collapsing pocket of vapour
in a liquid stream can cause severe flow instabilities. 1t 1s essential to
ensure that thls type of condition does not occur in a two phase reticulation
system. Most investigators agree that two phase lines should be designed for
flow condttlons in the annular mist regime to minimise the possibility of en-
countering slug flow.

Takahashl et al (1970) describes wrk on stability and pressure
drop utllising a 20.13 em diameter horizontal and in¢lined plpe with approp-
riate bends. The mixture flow pattern was estimated to be annular dispersed
and was stable for all flow conditions tested, without signs of water hammer
or vibratlon. The experimental data for the straight pipe correlated reason-
ably well with the Lockhart-Martinelli formulation and the bend losses were
correlated using a homogeneous model. James et al (1970) presents measure-
ments on a 3048 cm diameter two phase pipeline at Uairakel and 1ike the Jap-



anese tests 1ittle vibration occurred. Harrison (1975) reports measurements
he made on a 30.48 an line and also discusses data collected by NZ Ministry
of Works and Development at Wairakei and Broadlands. Despite these sets of
data, most of the two:phase flow pressure drop correlations that exist in the .
literature are based on measurements in small diaseter (less than 5 am) boiler
type pipes and very often with air-water mixtures, i.e. a two component flow.
Seven frequently used prediction methods are compared with a wide range of
experlmental adiabatic data for straight pipes in a recently Issued set of
data Items by the Engineering Science Data Unit. A data bank of 2210 measure-
ments was used to provide a statistical method of selection for the most app-
ropriate correlation to use for a particular set of circumstances. 58%of the
data was for two component fluid flow and 80%of the measurements were taken
with pipe diameters in the 05 to 4.6 cm range.

Most of this type of information is not suitable for predicting the
performance through large dlameter pipelines of a geothermal fluid. A test
loop using 10 an diameter pipe was constructed on bore 207 at Wairakei to ob-
tain straight pipe and duct component pressure losses and this paper describes
some of these measurements .

EXPERIMENTAL FACILITY

Bore 207 at Wairakei is sited on the extremity of the field. It has
a maximum output of about 40 kg/s at a well head quality of 20%and a pressure
of 860 kPa. The no flow well head pressure is 2700 kPa while the maximun oper-
ating pressure is limited, by a bursting disc, to 1700 kPa. A schematic of the
rig is shown in Figure 1. The two phase well head mixture is first separated
in a conventional cyclone separator, the water flowing under gravity into two
holding drums at the bottom, with the steam phase extracted from the top of the
cyclone. 20 an diameter pipes can take the separate phases to the two silencers
as shown. Water |s injected into the 20 an diameter steam line and allowed to
mix before passing through a sudden contraction down to the 10 cm diameter loop.
Flow rates are controlled by gate valves and the two phases are metered separ-
ately by orifice plates before they are recombined.

The test loop consists of a 'U' bend and an 'S' bend configuration in
which the spacer length can be varied. These are followed by a 45 degree 'S'
bend combination. After a 6 m length of straight pipe a single right angled bend
leads to a further 6 m of straight pipe before a long radius ratio (90 c)| seg-
mented bend. This bend is a model of a bend in a recently commissioned 46 an
line at Kawerau. A straight 18 metres long section ends at a tee, one arm of
which goes to the horizontal silencer, the other to a straight section which can
be inclined with discharge to atmosphere. The rig is mounted 30 an above ground
level and is unlagged. The pipework and fittings are of standard steam quallty

and are butt welded together, except at the combined bend section where flanges
are used to allow the uUse of variable spacer lengths..

Pressures were measured on calibrated Bourdon gauges with water or
mercury manometers for the measurement of pressure differences. Pressure tap-
pings {65) around the loop, terminate in a valve to which is attached a con-
densation pot. A soft copper line full of water was then run to the manometer
fam the pot.

RESULTS A\D OISCUSSION

The initial test runs were done with dry steam and established that
the pipes relative roughness of 0,001 to .002 was typical for a 10 cm diameter
lightly rusted uncoated steel pipe (ESW data sheet 66027).
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Table 1.
Separator Pressure 6.5 to 11 bar
Steam Flow 0.47 to 1.74 kg/s
Water Flow 054 to 11.3 kg/s
Quality 0.05 to 0.33

Table 1 illustrates the range of the major variables covered during
the test programme and the superficial velocity boundaries are sketched on a
Mandhane et al (1974) chart (Figure 2).

Harrison (1975)' developed, fam the one dimensional separated flow
model , a correlation based on conventional heat transfer and shear stress data
together with a void fraction correlation based on the work of Butterworth
(1975). The indices for the void fraction correlation were determined by
fitting experimental measurements on a 20 ¢m geothermal pipeline to the model.
Figure 3 shows this correlation tested against the experlmental data obtained
fon the 10 ecm loop. The data is replotted as a function of Ilquid p.iase vel-
ocity In Figure 4. This curve |s used as the basis for calculating 1¢sses
around the various fittings. The pressure losses for three of the fittings are
shown in Figures 5 and 6. In each case the loss is expressed as an equivalent
length of straight pipe in metres or number of diameters. Figure 5 gives data
for the 4:1 area ratio contraction and that for the 45 degree 'S' configuration
The 'U'" bend data are presented on Figure 6. The interaction affects are clear
Iy seen and show similar trends to those experienced with single phase flows.
As the spacer length Increases the additional loss for the 'U' could be expect-
ed to approach that of two bends in tsolation, and as for single phase flow,
the minimum loss occurs when the bends are separated by a spacer length of two
diameters. The 45 degree S configuration in which the bends are separated by
a spacer 20 diameters long, has less loss than all three combinations (2, 5

* and 10 Yength/dizmeter) tested with 90 degree bends.

The Tee bend, which in effect is a mitred bend, has a higher loss
than the 90 degree elbow which is not surprising. However using a 90 degree
elbow and lengths of straight pipe to achieve the change of direction between
two points gives marginally less loss than the long radius ratio bend. This
data demonstrates that the magnitude of secondary losses in a two phase retic-
ulation system are significant and should be accounted for at the design stage.
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Schematic of Test Rig, Wairakel FIGURE 1}



Ffg. 2 Flow Pattern Mp after Mandhane
et al  (1974)

Fig. 3  Experimental Data Tested against
Harrison (1975) Correlation
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Fig. 5 Sudden Contraction and 45 Degree Bend Pressure Loss
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Fig. 6 U Bend Pressure loss





