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ABSTRACT

In the horizontal pipelines -carrying
geot her nal st eam the fluids tend to
be nul ti phasi c and nul ti conponent. Therefore,
is convenient to know the way these

phases are distributed, and also the
nmechanism whereby the brine and the
non- condensabl e  gases are di stributed

bet ween t hese phases.

In the present work, results of
experimental tests carried out in steam
pi pel i nes of Cerro Prieto geothernal

field are shown, wher e nmeasur enent s
of pressure drops, nass rates, insulator
peri pheri cal tenperatures, and  {weat her
conditions were taken, in addition to
di aretral sodi um cont ent utilizing a
transversabl e-retractabl e i npact pr obe

between two separated points along the
pi pe. A nechani smof |ongitudinal dilution
of sodium is proposed and the quantity
of condensate used is verified by conventio-
nal equati ons.

| NTRCDUCTI ON
~ Exploitation process of liquid
dominant  geothermal  sistemns, requires
l'i qui d- vapor separ ati on on the Iland
surface. Bottom Qutlet Cyclone (B.QC)

separators or \Wbre type have been a
common ocurrence in Cerro Prieto geothermnal
field, and they can be installed in
single formor two of themin series.

Physical chemstry nature of t he
separation causes non-condensable gases
to be carried in the steam core accordin
to their partition coefficients. D ssolve
and suspended solids are transported
in the separate brine.

Al t hough, BQC  separators are
very efficienty, some brine, with high
solid content are dragged into the steam
pi peline. These solids are harnful from
the view point of problens related to
scaling, corrosion, and erosion of pipe,
instruments and power generation equi pnent.
However, sone authors [1] reported evidences
on solids action worki nc};] as corrosion
inhibitors, produced by the acid non-

condensabl e gases action conjointly
with the condensate generated al ong,
st eam conduct i on.

Vet geot her mal steam is  exposed

during its conduction to pr ogr essi ve
condensation due to heat |osses through
Pi pe wal | s. Down stream expansion produces

| ash evapor ation attenuating st eam
condensation. Final result is lost of
sistem energy, the steam being conducted
in a polytropic way instead of isentropic
or isenthal pic way.

At nor nmal oper at i onal ranlge,
the steam flows in a stratified flow
pattern with the film condensate flow ng
mainly on the pipe bottom This is
presumably due to gravitational effect
and that lower pipe wall is col der
than the upper pipe wall. The last
situation could be caused by the outside
boundary layer and by shaded surfaces.
This  phenonenon has been observed
[ ZL, in the experimental part of . this
work, and it was predicted correctly
by t he Mandhane's diagram [ 3] .

However , drag forces keep sone
of the liquid suspended in the steam
core, and the walls are slighty wet.
In a strictly sense, a nixed flow
F_attern exists, and it can be described

ike a sem annul ar - di spersed-stratified
flow pattern.

work, sodi um waS
sel ect ed as a tracer, because its
nat ur al ocurrence and abundance in
the geothernmal fluid. Mor eover sodi um
conpounds are very soluble in water
and they can be used like wet detectors
in the vapor phase.

In the present

S| STEM DESCR PTI ON

Thi s work  was carried out at

Cerro Prieto geothermal field usi ng
the steam horizontal  pipeline of the
wel | E-15. This pipeline is |ocated

between the B.QOC separator and the
main collector. Pipe design characteristic
are shown in Table |.

TABLE | -

Pi pe characteristics

Pi pe materi al C S.-A285-C
Nomi nal di aret er 16"(1 D=15. 25")
I nsul ation type ASTM CA57- 74

I nsul ation thickness 3"
I nsul ation cover pol i shed al um

Straight length 1242 ft
Equi v. Length 406 ft

Throughout  this test, the steam
pipeline was operated at 1390 psia
well  head pressure, 129.5 psia separation

pressure, and 131311 |bs/hr mass rate.

Two neasure points in the steam
pi pel i ne were  selected, as far as
possible from each other. The first
neasuri ng poi nt was located 76 ft

down stream from the separator outlet,
and at least ten pipe dianeters from
the orifice plate flow meter to avoid

second neasure
stream

flow disturbance. The
point was located 1242 ft down



from the first measur e point before
the pipe and the mmin collector joint.
There was a collection pot five pipe
dianeters down stream from the second
measur e point.

Pressure and tenperature neasure outlets
were located in each poi nt, t oget her

W th 2" val ves for the insertion of
t he transversabl e retractabl e i npact
pr obe.

Pressure and flow nmeasures were taking
conti nously usi ng t ot al pressure and
differential pressure trasductors.

Perinetral t enper at ures nmeasur es wer e
t aki ng in each poi nt on i nsul ation
surface and on wall pipe surface using

t hernocoupl es with surface sensors.

Weat her condi tions of tenperature
and wind velocity were taken with portable
nmercury in glass thernoneter and annenoneter
respectively. They were conpared wth
nmeasures fromthe Cerro Prieto neteorol ogi-
cal station.

The determ nation of sodium dianetral
profile in each poi nt was t he nost
i nport ant part of t he test. | mpact
retractil probes were constructed according
to the ASME[7] criteria for isokinetic
sanpl ing flow

The sanples were collected and condensed
usi ng t he techni que described by ASTM
[8] and anal i zed by spect rophot onetry
for sodium ion. Then duplicated dianetral

sanpl es wer e t aken in each measur e
poi nt . An el | apsed flowing tinme was
al l oned between each sanpling operation
to avoi d sanpl e contam nati on. Resul ts
of these determ nations are shown in
Figure |, and in Table II

TABLE 1 |

Experinmental results

Point 1 .pressure 123. 356 psia

Point 2 pressure 116. 846 psia
Pressure drop 1-2 6.510 psi
Sodi um concentration (ppm:

Bri ne 8783
Point O . 1.98
Point 1 (avg) 1. 7435
Poi nt 2 (avg) 0. 8329
Bal | val ve 2. 8075
Gate val ve 288.5

THECRETI CAL ANALYSI S

In wet steam flow through pipelines,
the liquid is distributed between steam
core and bulk film on the walls [1,6].
When steam wetness nmeasur enent s are

t aken, t he liquid in the bulk film
is not considered. According to Janes
R and Dmitriev [4,5], at noder at e
pressure, t he rel ati onship bet ween

t he honpbgeneous steamquality (X*) and the
measure steamquality (XJ can be-expressed
by: » -

R~ M (1)

Thi s is
equi librium of
in the steam and it
steam core to the film and
through the steam fil minterphase.

a distribution in dynamc
liquid that is carried
travels from the
conversely

Expl anation of condensation nechani sm
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is not an easy matter. Sorre aut hors
[9] consi der t hat in the vapor phase
nucl eati on may occur, and exi sting

droplets may grow, evaporate, or coagul ate

with each ot her or i mpact on wal | s
and then becone absorbed in bulk liquid
filns.

When hi ghly sol ubl e subst ances
(i.e. sodi um compounds) are present,
their concentration di stribution bet ween
t he liquid in steam core and liquid
film will be strongly af f ect ed by a
condensati on nmechani sm

As an obvious approach, we suppose
that the controling mechanism is t he
drop gr owi ng in the steam core. Then

the process can be descri bed in t he
fol l owi ng way:

St eam condenses li ke pure wat er
in mst form and | ater liquid wat er
is adhered to droplets in steam core.
Thi s phenomenon is pr onot ed by hi gh
exposed sur f aces. Sol i ds in dropl ets
are diluted by this effect, and grow ng
in a het er ogeneous way, and sone of
them are i ncor por at ed to t he film
The final result is as follows: Substances
dilution in the liquid of t he st eam
core and in the bulk film Di | ution
effect is nore accentuated in the liquid
of t he steam core. Thi s phenonenon

occurs in nmany stages al ong t he duct
produci ng a scrubbi ng ef fect .According to (1):

[ -l o

Wher e:

MLT: Total liquid flowrate
M.V: Steamcore liquid flow rate
MT: Total flowrate

MN Wet steamflow rate

o [T

——lL = e
1n [1—%}
i

| f M.T and M.V are t oo
t heref ore MIrEmw

(3)

smal | .

H M. T
in . « MLT g

I =y~ X (4)
in [1_ ‘mlq

If e< has a value of 15 [ 4, 9]
it my be proved that 2/3 of the total
liquid are carried in the steam core.

FI GURE 11
The dilution nmechani sm
2N 2n+1 2n+2
STEAM MLV MLV MLV
CORE 2N 2N 2N.,2
*2N X2N+1 X2N+2
CON/3 i!{
FILM
Y2N Y2N+1 "2N+2
» FLOW
According to Figure 11, a fraction
of condensat ed is formed when the wet
steam passes from the vol unme el enent

2N to the vol unen el enent 2n+l
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coN = CONT (5)
3

Where R is the nunber of condensation
stagess and CONT is the total condensated
formed al ong the steam pi pe. If the
l'iquid transporting bet ween t he st eam
core and the film ocurrs in the volunen
el ement 2n+1, the I'iquid bal ance f or
the full stage becones:

For liquid in steam core:
MI'V2N+1 =MLV N+ CON i{6)
ISLVoNe2 NLV2N+1 - CON/3 (7)

And for initial condition (0):
MLVo N1 = MLVQ + [2N+3] [CCN/S] (8)

For liquid in bulk film
MUP o1 =wue,, 0o N3 {9}
MILP — MLP

2N+2 T 2H,1 MO0)

And:

MLPsy+1 = MLPg + [N+1] [CON/3] (11)

If X is sodiumconcentration in the -
liquid in steam core:

— MLV
xonN+1 - KeN o 2M

(12)
MLV2N+CON
« 2N+2 T X2N+1 (13)

And:

't MLV, + [2N] [CON
X2N+1:XQIJ o *+ [2N] [CON]
0N 3MLV, + [2N+3][CONL (14)

For t he sodium concentration in
the film(Y): :

Yoweq = T MEPt TCON/3) X 1 (15)
HI.PzN + [QQV 3]
Y2N+2 = Y2N+1 (16)

And:

N
- MLE + [CON 3 2N+2 17
Voreg =Y 0 MEBG ] % (17)

If the initial and final concentration
are knowmn is possible to calculate the
total condensate, the |liquid distribution
and t he concentration profile al ong
t he steam pi peline.

CALCULATI ONS

Sodi um  aver age concentrations in
points 1 and 2 in Table Il, are referred
to the full steam core, and they were
cal culated according to a method published
in a previous paper [10]. The met hod
consi ders a devel oped velocity profile.
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and partial flow contri butions in
sem annular area elenents are cal cul ated.
The experi nent al sodi um di anetral
concentration profiles (Fig.l) wer e
used to cal cul ate t he sodi um gl obal
mass rate and t he wei ghti ng sodi um
average concentration.

Initial sodi um concentration
.(poi nt 0) was det er m nat ed using an
ASME nultiport fixed probe and corrected
accordi ng to t he sodium dianetral
concentration profile.

Li quid distribution bet ween t he
steam core and the film and sodi um
concentration | ongi t udi nal profiles
wer e cal cul at ed utilising t he met hod
previ ously descri bed.

Condensat e quantity needed in
order to rich ~ sodium concentration
detected in points 1 and 2 were al so
cal cul at ed. Fi gure 111 and Table 111
present results of these cal cul ations.

TABLE I 11
Cal cul ations well E-15
Section 01
Nunber of scrubbing stages 250
Dragged brine flowrate 44.40 | bs/ hr
Total condensate flow rate 13.08 | bs/ hr
Total liquid flowrate 57.48 | bs/hr
Sodi um concentrations (ppm :

St eam core 1. 74037
Bulk film 8426. 51

Section 0-2
Nunber of scrubbing stages 250

Dragged brine 44.40 |bs/ hr

Tot. condensate flowrate 208. 64 | bs/ hr

Total liquid flowrate 253.05 | bs/hr
Sodi um concentration (ppm

St eam core 0. 83421

Bulk film 3324.9

rate in
with val ues
present ed
consi st

condensat e flow
wer e conpar ed
t he met hod
wor K[ 11] . It
nodel wher e j oi nt
fluid nmechani c and
t aken into account
appear ed in Holman's
from the work by Metais

Tot al
tabl e 111
predi cted
in a

by
pr evi ous
in a comput ari zed
equat i ons from
heat transfer were
as t hose whi ch
book[ 12], and
and Eckert[13].

to a
expansi on in
energy | osses
when it is
hori zont al
thermcally
this nodel

net hod was

pol ytropic
det er mi ne t he
that the steam suffers
conduct ed t hr ough | ong
pi pes of big dianeter, which are
i nsul at ed. The results of
are shown in Table IV:

Thi s
process of
or der to

appl i ed

TABLE |V
Fl ow nodel cal cul ati ons
well E-15
Section 0O-1

76ft
1191.24 Btu/lb
0.11792 Btu/lb

Pi pe | enght
Initial enthal py
Ent hal py drop

Point 1 pressure 129. 196 psia

Pressure drop 01 0. 304172 psi

Point 1 tenperature 346. 843F

Total liquid flow rate 55.9032 | b/ hr
Section 1-2

Pi pe | enght 1648.89 ft

Initial enthal py 1190.56 Btu/lb

2.16345 Btu/lb
116. 662 psi a
6. 695 psi

Ent hal py drop
Poi nt 2 pressure
Pressure drop 1-2



Point 2 tenperature 346. 843°F
Total liquid flow rate 227.603 | b/ hr
DI SCUSSI ON

Condensate flow rate was calcul ated
with the Iongitudinal dilution nechanism

pr oposed, and accor dance W th sodi um
concentrations det er mi ned in poi nts
1 and 2 in the steam pipeline, gave
reasonabl e agr eenent with t he val ues
predi cted by t he comput ari zed nmodel
based on t he fluid nechanic and heat
transfer equati ons. Thi s | ongi t udi nal

mechani sm coul d be representative of
the actual conditions wthin t he st eam
pi pel i ne.

The nechanism proposed is devel oped
in snmal' wash steps or scrubbing stages,
and it may be considered as anal ogous
to the case of continuous contact sistens.
The nunber of stages is indicative of
t he process vel ocity. Ther efore, a
m ni mun nunber of stages nust be determ ned
for each case in order to obtain reliable
resul ts.

The method has a high sensibility
to sodium concentration values, specially
to the initial one . Therefore, proven
steam sanpling techniques are i nportant,
and reliable sampl i ng di spositives are
required.

The sodi um concentration in t he
liquid carried in the steam core and
the sodium concentration in t he bul k
film are di fferent. Thi s fact could

be a useful aid for understanding scaling,
corrosion and heat transfer processes.

Liquid distribution know edge could
conduce to different condensate dr ai ni ng
di sposi tive designs.

The mechanism and nethod proposed
can be wused also in honogeneous st eam
quality eval uati ons and t hey can be
used in the separators performance eval ua-
tions.
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DI AVETRAL SCDI UM CONCENTRATI ON' PRCFI LE

FIG. No X WHL E-15
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