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This paper deta i ls an investigation o f phase,
pressure drop on' a diameter test loop s i ted on the Uairakel
steam f ie ld . Measurements o f straight plpe and duct component losses are
presented a l i q u i d veloci ty derived from a
A horizontal straight pipe correlatlon i s presented based on data
a 20 diameter plpel ine and component pressure losses are demonstrated to
be o f such a as t o be I n a phase pipel ine re t i c-
u la t ion system.

INTRODUCTION

In the majority o f wet geothermal f ie lds, the are separat-
ed a t the w e l l head and the vapour phase ret iculated t o power statlon.
Takahashi e t (1970) and Jams (1968) discuss the economics, advantages
and disadvantages o f a phase system. The authors state that
such a system has potent ia l ly more power, economics, i n sur-
face drainage, less noise no discharge t o atmosphere. The mixture would
be handled as i f i t were a slngle phase f l u i d and would be from the w e l l
'head to an overland l i n e transmission to the power station. Here would
be separated a number o f stages In series, the steam from stage

the turblne. The f i n a l re ject water i s then a t one locat ion instead of
a t each bore. (1968) compared the exlst ing Wairakel design
160 wlth that o f a system, designed for an optimum well head pressure o f
6.7 bar, steam water and demonstrated an
power o f the order o f 90%depending upon the o f stages o f separation.

The deslgn o f a safe and pipe network f o r a one
component two phase mixture over long distances requires information
lng the structure o f the flow, the expected pressure drop and qual i ty changes
occurring due to the perturbations caused by various components and f i t t i ngs .
Pressure and qual i ty gradients are not the'only phase system design con-
siderations. Experience with slngle phase systems showed that a slug o f water
t rave l l i ng - i n a high veloci ty vapour stream a collapsing pocket o f vapour
i n a l i q u i d stream can cause severe f low instab i l i t ies . It essential to
ensure that t h l s type o f condition does not occur i n a two phase
system. Most investigators agree that phase l ines should be designed for
flow condttlons in the annular mist to the o f en-
countering slug flow.

Takahashl e t (1970) describes wrk on s t a b i l i t y and pressure
drop u t l l i s i n g a 20.13 diameter horizontal and plpe wlth approp-
r i a t e bends. The mixture flow pattern was estimated t o be annular dispersed
and was stable for a l l flow conditions tested, without slgns o f water
or vlbratlon. The data f o r the straight pipe correlated reason-
ably well wl th the and the bend losses were
correlated using a homogeneous model. James e t (1970) presents

on a 30.48 two phase a t Uairakel and the



anese 1it t l e v ibrat ion occurred. (1975) reports measurements
he made on a 30.48 cm l i n e and also discusses data col lected by N.Z. Min is t ry
o f Works and Development a t Wairakei and Broadlands. Despite these sets o f
data, most o f the flow pressure drop correlations that ex is t i n the

.

l i t e ra tu re are based on measurements i n small diaseter (less than 5 cm) bo i le r
type pipes and very often with air-water mixtures, two component flow.
Seven frequently used predict ion methods are compared wi th a wide range o f
experlmental adiabatic data fo r st ra ight pipes i n a recently Issued set o f
data Items by the Engineering Science Data Unit. A data bank o f 2210 measure-
ments was used to provide a s ta t i s t i ca l method o f select ion f o r the most app-
ropr iate correlat ion to use f o r a set o f circumstances. 58%o f the
data was fo r two component f l u i d f low and 80%o f the measurements were taken
with pipe diameters i n the 0.5 t o 4.6 range.

Most o f t h i s type o f information i s not suitable f o r the
performance through large dlameter pipel ines o f a geothermal f lu id . A tes t
loop using 10 cm diameter pipe was constructed on bore 207 a t Wairakei t o ob-
ta in st ra ight pipe and duct component pressure losses and th i s paper describes
some o f these .
EXPERIMENTAL FACILITY

Bore 207 a t Wairakei i s s i ted on the extremity o f the f i e l d . It has
a maximum output o f about 40 a t a well head qua l i t y o f 20%and a pressure
o f 860 The no flow well head pressure i s 2700 while the maximun oper-
at ing pressure i s limited, by a burst ing disc, t o 1700 A schematic o f the
r i g i s shown i n Figure 1. The two phase well head mixture i s f i r s t separated
i n a conventional cyclone separator, the water flowing under gravi ty i n to two
holding drums a t the bottom, wi th the steam phase extracted from the top o f the
cyclone. 20 cm diameter pipes can take the separate phases to the two silencers
as shown. Water I s injected in to the 20 cm diameter steam l i n e and allowed to
mix before passing through a sudden contraction down to the 10 cm diameter loop.
Flow rates control led by gate valves and the two phases are metered separ-
ate ly by o r i f i c e plates before they are recombined.

The tes t loop consists o f a bend and an bend configuration i n
which the spacer length can be varied. These are followed by a 45 degree
bend combination. Af ter a 6 m length o f s t ra igh t pipe a single r i g h t an led bend
leads t o a fur ther 6 m o f st ra ight pipe before a long radius r a t i o (90 seg-
mented bend. This bend i s a model o f a bend i n a recently commissioned 46 cm
l i n e a t Kawerau. A stra ight 18 metres long section ends a t a tee, one arm o f
which goes to the horizontal silencer, the other a stra ight section which can
be incl ined wi th discharge to atmosphere. The r i g i s mounted 30 cm above ground
level and i s unlagged. The pipework and f i t t i ngs are o f standard steam qua l l t y

, and are bu t t welded together, except a t the combined bend section where flanges
are used the use o f variable spacer lengths..

Pressures were measured on cal ibrated Bourdon gauges wi th water o r
mercury manometers f o r the measurement o f pressure differences. Pressure tap-
pings around the loop, terminate i n a valve to attached a con-
densation pot. A so f t copper l i n e f u l l o f water was then run t o the manometer
from the pot.

RESULTS AND OISCUSSION

The i n i t i a l t e s t runs were done wi th dry steam and established that
the pipes re la t i ve roughness o f to was typical f o r a 10
l i g h t l y rusted uncoated steel (ESW data sheet 66027).
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Table 1.

Separator Pressure 6.5 t o 11 bar
Steam Flow
Water ow
Qual i ty 0.05 t o 0.33

0.47 to 1.74
0.54 to 11.3

Table 1 i l l us t ra tes the range o f the major variables covered during
the tes t and the superf icial  velocity boundaries are sketched on a
Mandhane e t (1974) chart (Figure 2).

Harrison (1975)' developed, fram the one dimensional separated flow
model,a correlat ion based on conventional heat transfer and shear stress data
together with a void f ract ion correlat ion based on the work o f Butterworth
(1975). The indices fo r the void f ract ion correlat ion were determined by
f i t t i n g experimental measurements on a 20 geothermal p ipel ine to the model.
Figure 3 shows t h i s correlat ion tested against the experlmental data obtained 
from the 10 loop. The data i s replotted as a function o f l l q u i d vel-
oc i ty I n Figure 4. This curve I s used as the f o r calculat ing
around the various f i t t i ngs . The pressure losses for three o f the f i t t i n g s are
shown i n Figures 5 and 6. I n each case the loss i s expressed as an equivalent
length o f st ra ight pipe i n metres o r number o f diameters. Figure 5 gives data
fo r the area r a t i o contraction and that f o r the 45 degree configuration
The 'U' bend data are presented on Figure 6. The interact ion af fects are clear
l y seen and similar trends to those experienced w i t h single phase flows.
As the spacer length Increases the additional loss f o r the could be expect-
ed t o approach that o f two bends i n tsolation, and as f o r single phase flow,
the minimum loss occurs when the bends are separated by a spacer length o f two
diameters. The 45 degree configuration i n which the bends are separated by
a spacer 20 diameters long, has less loss than a l l three combinations (2, 5
and 10 tested wi th 90 degree bends.

The Tee bend, which i n ef fect i s a mitred bend, has a higher loss
than the 90 degree elbow i s not surprising. However using a 90 degree
elbow and lengths o f st ra ight pipe t o achieve the change o f di rect ion between
two points gives marginally less loss than the long radius r a t i o bend. This
data tha t the magnitude o f secondary losses i n a two phase re t i c-
ulat ion system are and should be accounted f o r a t the design stage.
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Ffg. 2 Flow Map a f te r
e t (1974)

Fig. 3 Experimental Data Tested against
Harrison (1975) Correlation
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Fig. 4 Straight Pipe Pressure Loss
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5 Sudden Contraction and Degree Pressure Loss
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6 Bend Pressure loss




