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A STEAM/WATER COUNTERFLOW MODEL OF A VAPOUR DOMINATED
GEOTHERMAL RESERVOIR WITH SURFACE RECHARGE & DEEP DRAINAGE

David W. Jenson

Geothermal Energy New Zealand Limited
PO. Box 37-231, Auckland, N.2.

ABSTRACT

A 2 dimensional steem/water counterflow model of a Yepour Dominated
Geothermal Reservoir has been developed. If liquidrecharge is applied at
the surface & deep drainage is available, 8 range of conditions can be
established where natural chokes are formed in the reservair. These
chokes lead to a liquid dominated region overlying a vapour dominated
region. The pressure (or depth) at which a choke will form is.controlled
by & narrow range of surfaoe conditions. A selection of vertical sections
have been constucted which Model @ series of possible reservoir
conditions. These range from MUﬁlgrfm activity where the vepour
dominated region is close to the surfice through to the boundary of the
vapour reservoir at its intersection with deep liquid dominated
conditions. An interesting feature of /¢ model is that vepour dominated
conditions can first form at a pressure of 33 Bars(abs). This phenomenon
appears to be unrelated to the maximum enthalpy of steem condition
whichoccurs at a similar pressure.

INTRODUCTION
Vapour Dominated Geothermal Reservoirs have a number of very
interesting features, explanations for which. to &2, do not

sppear to have been uaiverselly accepted.
These {s&L ¢ include:

(i) What appears Lo be & stable laysr of water lying on lop
of & body of steam.

(i) Steam res&rvolrs which slveys seem to occur u
pressures in the region of 30 = 35 Bars(abs), with a
pressure gridieal close to steam $aiti¢ vhich (s some
reservoirs is continuous to indeterminate depth.

(iii) Production histories vhich caa only be explained if
relalively Large amountsof Liquid v1i2 ¢ aee presentin the
reservoir.

Explanstions for the sxis2acs of 8 fabls liquid coadsasais ayer
overlying a stesm zone have been suggested by. smoa¢ others,
Schubert & Straus((979 & 1980) wad Schubert, Straus &
Grant(1981).

The e¢xplanstions referred to cite the Clapeyroa cquilibrium
relationship coupled vith relative(y lov rock permeadilitiss IS
providing & suitsble mechanism.

James(1968) and McNitt(1977) have described the formsation of
astural stem zones in temms of the muimum enthalpy of
saturated steam as both features seem to occur at similar'
pressures

Mouatfort(1980) has estimated the vai2 ¢ content of the Kamojeag
reservoir in terms of residual seturetions vith a small quaatity of
mobile water present, sead Graat(1979) has carried out @
correlation based on the tirsasieat response of gaseous
contaminants in the steam.

The classic model of a vapour dominated reservoir is thal
proposed by White. Muffler & Truesdell(1971) which relies on aa
overlying cap rock

The author has developed a reservoir model vhere, If reéhacge
water is added at the surface sad 8 counisrflyv conditions are
assumed with steam rising from depth, & rsage of conditions
o¢curs vhers ¢ nstural choke will te established vhich
s[Tactively restricts the upward flow of steam and the & va vird
flow of waler, Liqlid domiasied conditions can thus occur shove
the choke, and vapour dominated conditionsbelow. The formation
of this choke. which tss+3 to be independent of geologicsl
features or rock permesbilities leads to reservoir models that are
romarkably similar to real reservoirs.

Features of the model include-

(i) Formation of nstural boundaries vhich caa be
la uniformly permeable caditions purely Is a fuactioa
of the properties of steam & water.

(ii) Natural surface sctivity can occur in the same
uniform conditions vithout &fTe¢liag the other (ettures
of the model.

(iii) The first formation of vapour dominated conditions
occurs at a presurs of 33 Bars(abs), and this [eaiyrs
=225 to be independent of the maximum enthalpy of
steam condition.

(iv) An estimate of sctual reservir permesbility leads
directly to the calculation of recharge md hence the
steam/water proportions mmu%rLout the reservoir, 1ad
the full range of resmvoir simulstion ¢alculsiions can b+
performed.

A conceptual model is first developed vhere the =1& & energy
baleacs required 1o maintain thecmodyasmic equilibrium
throughout 8 vertical section is calculsled, Detscmiaationa of a
14 g# of possible conditionslesds to @ two dimensional model that
ismodified totpproximils real conditions Finally, the conceptual
model is corrected %0 that gravity, viscoesity nul relative
permeability effects & included.

CONCEPTUAL MODEL

If one considers the gsadasd model of s vapour domiasiad
geothermal reservoir. overlain by i ¢oadeasais layer tad
underlain by adeep brine level,the 7ertical section is is shovn
in Fig 1.
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If such s sysiem is in s state of thermodynamic equilibrium
throughout its depth, md & counterflow model is sssumed then
the steam/water proportions aad relative flow rates can be
calcuiated for any pointon the vertical section.

Consider & unit inflow of water at the top of the system. This
water will be heated by conduction & convectioa until it sttains
the saturation temperawre for depth. Upon reaching this
temperature, the water can co-exist with steam rising from
below. As the water continues to descend through the rising
steam it must gradually incresse in tempersture so that
saturation conditions are malatained, Becsuse the valsr is ia
intimate contact with the steam, md all temperatures, including
the rock ,are controlled by boiling point for depth
conditions, the water rill be hested (with a corresponding
incresse in enthalpy) either directly or indirectly, by the
condensation of steam.

The separate steam & waler masses found &¢ my depth
(equivalent to pressure) ia the reservoir, based oa & unit inflow
of vater ¢ the top of the system can be calculated by performing
8 sequential mass & balance energy balance for every pressure
interval as showa in Fig2
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FIG 2 - ENERGY & MASS BALANCE

Let Py be the pressure where the unit inflow of wster, Wy first
sttains saturation temperature, T, o
Then the mass of steam, S, condensed ss W, passes through the

pressure laterval Py-P | and increases in temperature from Ty o
o T, isapproximately

Sy = Wolhe=he)/hgg,
& “l - "0 + 3;
and similarily,
Sy Wilhg=hp /by « S; - Si(hg, /heo)
B W,=W,+5, + 5, -5,(h,/n,)
vhere

S, 5y(hy7hy;)

16l

is a correction made to the steam & water [lows (o account for the
lact that water will be condensed out or evaporated by the rising
steam if the pressure is below or above that where the maximum
enthalpy of steam occurs (31.19 Bar)

Steam & water masses, al every pressure interval,can then be
calculated in 8 similar way as follows-

S3= Walhrz=B) Mgy + (5, +5,)(1-(hga/hy5 )
wa = *2 A 53 ¥ (31’32)( ]"{'Igzlhgs )

54 L ws(hn"h's)’hr“ + (slfszf sa ){ I-‘('I“Ih“ ))
*4- W_'s + 54 - (51’% » s’s )( "'('lgs"ly ))'

S5= Walhs=hrgd/hpgs + (S+5,+ 53+ 5, )(1-(hyy/h5))
wS = w4 + % + (SI’SZ + 5“ + 54)( "(h“,hﬁ ))

etc, down to the critical point, if necessary, aad for » rzage of
values of P.

Atypical table of results is as shown in part, in Fig 3, where, in
thisexample, Py - 3 Bars.

...... P....ooiien. StOIM..... 0 WakeL.... Water Flow:Steam Flow
(Ber) DoSkgre)

: Condensed :Loss/Gain: (kg/s)

if the volume occupied by the steam/water mixture at each
pressure interval is calculated ie,

'n‘wn‘nrn‘ (SI'SZ" 53. -t sn)'“qn
and if this process is repeated over all pressure intervals and for
¢ raage of values of Po. then & set of results are obtained vhich

can be plotied as the family of curves shovn in Fig 4, vhere each
curve represents s particular value o£ P
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STEAM/WATER MIXTURE VOLUME vs PRESSURE
EOR A RANGE OF VALUES OF Po

An interesting phenomenon can be noted from Fig 4. For values
of Py between | Bar{abs) & 12 Bar(abs), the volume requisesd to
contain th¢ equilibrium steam & watzr flows starts st 8 small
value (equal to the specific volume of velar) at Py, rises o &

mazimum value atsome higher pressure, aad then falls off. For
values of Py gesaler then 12 Bars(ads), & similar maximum does

notoccur md the volume required coailaues to increase steadily
rith increasing pressure.

For values of Pg between about 2 Bars(abs) & 12 Bars(abs) the

volume increases again at higher pressures nd eventually
becomes larger 214 t2¢ previously determined maximum value.

The occurrence of the upper mazisum, which is controlled by a
relatively small range of possible values of P, is suggested to be
the {sslurs which leads to the formation of vapour daminated
reservoirs and ssim caps above exploited liquid dominsied
reservoirs.

If it is assumed thatthe reservoir aas uniform permeability (aay
value), urd the calculsled value for the maximum volume it
divided by unit thickness. then an ares is found vhich is just
sufficient to pess the upvard ssem md the downward water
flows required to keep the reservoir in equilibrium. (Based on ¢
recharge at the top of the system of 1kg/s). Asthe reservoir das
uniform permeability. then this area (s also available above and
belov. the point vhere the mazimum occurs. At all points vhere
the totai available area is greater than that required to pess the
equilibrium flow males, the excess ares caa fill vith eithersteam
or water.

At polats in the reservoir above vhere the @aximum required
area occurs, the supply of stsam from belov i choked by the
controlling reservoir aream d so the excess area must fill with
water.

Coaversly, below the maximum, the supply of water is choked and
% the excessreservoir area.or volume. vill fill vith stzam tada
Vapour Dominsted Reservoir will result. This vapour
dominated condition will continue dowawards until the reservoir
area required to pass the squilibrium flov rates becomes gresler
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than that svailable st the upper maximum. (Although further
development of the model will show that the base water level is
probably controlled by the boundary condition where the upper
maximum and the lower increase sbove this controlling value
become coincident).

The above argument applies to reservoirs of uniform

i ility. We can briefly consider the effects that would
occur in a real reservoir where the permeability is far from
uniform. What happens in this case is that the controlling
permeability is the m/aimum permeability (which can still
have any value). and all other permesbilities found in the
reservoir will be greater than this minimum. Where greater
permesbilities occur shove the choke point, then even more
waler can accumulste, and if grester permeability than the
lml.ﬂll:‘:tﬂlﬂ below the choke point then more steam can
accumu .

For values of P, greater than about 12 Bars(sbs) where no

maximum occurs, the reservoir ares required to pass the
equilibrium flow rates is always less than the controlling ares
(where ever it may occur at depth) so the excess area available
will always fill with water and so Vapour Dominsted conditions
will not be encountered anywhere in the reservoir.

Referring back to Fig 4, for each value of Py considered, the

maximum volume (or ares) can be determined and the difference
between this volume and that required at every pressure interval
shove and below calculated and the excess volume filled with
waler or steam ss the case may be.

Thedeasity of these new mixtures (contsining either more water
or more steam than the equilibrium smouats previously
calculated) :14 then 4 determinedsa4 hence the d?th of every
pressure interval calculated rith respectto tho top of tho system.
The results are plotted in Fig 3.
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Points to note from Fig 5 (speri from the fact that it bears no
resemblance to my known vrpour dominated reservoir) are as
follows-
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(i) The heavy line is the locus of the depths where the
upper maximum ares or the lower area equal to this upper
maximum occurs. The upper & lower asximums

coincident vhen Py is just over 12 Bars(abs) and st ©

pressure of about 85 Bars(abs).

(i) The lighter lines are isobars drawa through the
pressure corresponding to the upper maximum ares and
the lower ares corresponding to thisfor each value of Py

(iii) Note that the terms /iguid dominated and vspour
dominsted differ slightly from the normal convention
The Liguid Dominsted Region is where excess
reservoir volume will fill with water. _

The Vaspour Dominsted Region is where excess
reservoir volume will fill with steam.

Both of the sbove regions contain & 2 phase mixture of
steam & water

A single phase liquid water zone occursas a thin wedge at
the top of the system.

There are two modifications that can be made to the reservoir
cross section showa inFig 4 in order to make it more realistic.
Firstly, consider the boundary at Py=12 Bars(abs). This is the

shallowest depth at which sn externsl influence can affect the
vapour region, 83 at every other point to the feft on the disgram.
steam & water flowsand their relative proportionsare controlled
by the choke thst occurs st the upper area maximum. Thus, the
pressure gradient vithin the vapour dominated region cannot be

affected by vhat is happening outside this regioa (within the '

range ol conditions that allow & vapour region to form in the
first place). However, when P =12 Bacs(abs), the lower and upper

maximum ares locations become coincident. Now, at the lower
area restriction. similar conditions to those applying at the upper
maximum occur. ie there is just sufficient reservoir ares
available to pass the equilibrium steam & vater flows. Below this
point thereis lasu{Ticieat ares radeither the steam or the water
flow rill be restricted. If the water flow is restricted then the
reservoir will gradually fill up vith water and eventually the
vapour dominated reservoir rillldisappear. Therefore. the steam
flow must be restricted and the valer allowed b drain. Thus the
lover reservoir ares restriction vill roughly approximate the
desp valer level vith most of the steam being produced by
boiling from this surface.

Fram Fig 3. this deep water level will occur at 8 pressure of
approximstety 89 Bars(abs). Thus. the first modificstion we can
make to Fig 5 is to reconstruct the 83 Bars(abs) isobar and make it
horizontal. The resultis shovn in Fig 6. which is a slightly more
reslistic looking reservoir cross section.

Thesecond modification that can be made is to ignore regions of
the vapour daminated region vith pressures less thaa 31.19
Bars(abs) (corresponding to the msaximum enthalpy of steam),
simply because vapour dominated reservoirs do not seem tooccur
at pressures below this value. This point occurs &t approximately
P=72 Bars(abs). The reservoir is then made symmetrical shout

this value of P, and the crosssection as shorn in Fig 7 plotted.
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(iii) The conditions that determine the maximum depth of
l.hg deep water layer have been established. (As the
existence of the vapour dominated region depends on
there being adequate drainage for the recharge water &
condensate, & higher zone of impermeable rock will lead
to & reduction in this maximum possible depth)

(iv) The slope of the isobars on top of and to the sides of
the vapour dominated region will ensble excess recharge
water o flow away, which is important as the amount able
to enter the vapour dominated region is strictly controlled
by the maximum ares limitation.

(v) The heat source is centrally located and the slope of
the isobars in the vapour dominated region will allow the
rising steam some horizontal movement towards the
boundaries.

1esioes Ar Tos o_l’ Benssnren Zons' (Lo Aas)
~a
1.

The reservoir cross section plotted in Fig 7 Liavip
has & aumber of encouraging features.

Among these are

(i) The existeace of 1 vapour
dominated reservoir b governed
only by the thickness of the
relatively thin top liquid water
layer. If the thickness of this layer
is outside certain limits it appears
the the npour dominated region
collapses mto two phw liquid =

dominated conditions. In other
words, there seems to be no
dependence on geological

conditions or rock permeabilities.
(Although these features can play 8
significant role in modifying the

|

D=

standard model)

2 Pene Lrawnd LwainWTED

(ii) The model has naturally
occurring boundaries. created by the

properties of steam alone

FIG 7

DEVELOPED CRQSS SECTION OF RESERVOIR
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(vi) Information is made availsble to assist with reservoir
modelling. The imsertion of estimated sctwal rock

permesbilities should ensble st lesst an order of MATHEMATICAL BASIS
magnitude estimate of the recharge water flow to be made

and hence the determination of the natural heat [lux :

availsble for exploitation st any Mcﬂllr‘fllpl-? (Note Darcys Law for two phase [low can be wrilten as follows-
that the reservoir shown in Fig 7 has no surface [eatures

and that the free water surface could be st ambient U, = -K(K., /v, NaP-p_q) 1

temperature. Thusthe total svailable steady state power of

& reservoir of this type could be 'quenched’ by the h i
recharge waler and dissipated by deep drainage.) Wk iatahar sl ———=2
(vii) The proportions of mobile steam and water within With U,=w, /A & U =-w/A
g; vapour dominated region have :;n ﬂ:;ubhahod

ese rtions ot grestly th . g
mm::o:rom ,..'.‘2.,5. rock) and m’,,q....".{, m: 1 & 2 can be rearranged for counter flow conditions such that
reservoir pressure gradient can be established by
calculating the mixture density at each pressure interval. AP=pg-wy /KK A 3

For reference, Fig 3 (shm the pressure gradient

generated by this model (About 15% of the corresponding =

hydrostatic gradient in the vapour dominated region), & aP=wy /KK A+ py0
compared with the normally assumed pressure gradient

derived from the vertical section shown in Fig 1. Combining 3 & 4

4

%:.Lu:_}[., e e L 2 S i .‘:i‘.j et B0 = Pyl = WV /KK A + W ¥ /KK A
S 4 BB ey ! L : | R _1;." .Ii'

e : £t B S

;_u— 4 f wov /Ko ¢ Wy /K.

ey KA = 5
o EE nw'-n|'

g4 For straight line relative permeabilities (aithough
L in p;'u:t.iu any permeability relationship can be
used

1 Kot ‘rw =1
Koy lwev - wov)) + wov,

and KA = —h
(p,0 - P.ONK,, ~Ko?)

'

A plot of this function has the form as shorn in Fig 9.
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FIG 9 - PLOT OF EQUATION 6
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The value KA, repressnts the minimum reservoir area required

It will be noted [rom Figs 7 & § that the depth to the point for 2 given rock permesbility to pass the equilibrium steam and

where vapour dominated conditions occur is somewhat water flows calculated at each pressure interval.

:i:g?:us!ihl.n normally f_ound in nsture. However, as The value of K coresponding to this condition can be found by
¥ mentioned, this model is based on uniform differentiating 6 with res scttoK .

rock permeability and any increased permeability over
sad sbove the controlling minimum permesbility will
allow more waler w accumulste in the liquid dominated (wyv,- w,v,) (p0-p,0K.2
region, increasing the pressure gradient, aad raising the -2. (w,v,) (p,g-p9) K
e W 5 W

Wwhole system.
= (w,v,) (p,0-p9)

It must be remembered hovever, that this is & conceptual model, dKA -

;t:ics? -.[u'.mugl? mass & energy balance requirements have been dK. (p,0 - pO)K_, -K_2)
ied, Darcy's flow equation, which is used to take into account * X : P

gravily viscosity & relative permeability effects has not been

:frhled'su‘ although the conceptual model has been useful for A =0

: ©loping a reservoir model thal assists in understanding the and at e

ealures (and annomolies) found in & real reservoir il should be £is

puton a firmer mathematical footing

®
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(wey, - wov,) sz + 2. (w v K - (w v )=0

Vhich has oneroot of Kp,, t4tvesa 2210 & one. Substituting this
velue in 6 gives the value of KA . atesch pressurs interval.

Thiscalculation = be #2424 for all pressure increments 2ad
overs riage of vuluex (f Py 1ad sfamily (F curves O KAy,

vs P similar to those shown in Fig 4 obtained.

Curres plotiad for 14w Taluss of Py have the same characteristic

surimum value as found in the ¢oaceptual model (in thisuse
KA) vhich @2 be used to recalculais K. at all pemsmyes
incrementsabore md belsw the laterval whers thismarimum
valus of KApy, occurs.

Rearranging 6

KA( [ g X)) r‘rwz + (wgvy - woy, - KA(p,g - D,o” Kew
+wy, =0

Yhaich when sived gives the two ruluss of K., which occur
when an nvm greater than the minimum required o pass the
equilibrium flovs Ls available. Thus. at all pressure [alsrvils
sbove rod below the interval where KA is s mizimum, thereis 8
choice of ralue of K, - representing cither ¢ higher or lover

volume fra¢toa of veiee thanoccursvhen KA « KAg,,. Using the

a2+ logic that was ussd in the argument for the conceptual
medl, the higher value of K, (ie higher vilss conteal) waa be

¢hosea for intervals above where KA is & maximum, nd the
lowse value of K., (ie higher steam content) belov.

The revisd reeervolr medel cwa thus be developed using exactly
the same procedureas that developed for the conceptual model.

Vapour dominated conditions occur over only t v¢r7 small range
of values of Py is between Py al & Pe2.5 Bars(15¢) approximately

but the reservoir model produced is sxtrev mety laterestiag,

Calculations s detailed as those performed vhen ¢oasiructiag
the model have not yet been complaiad. The model
produced therefore lacks Tie resolution. but sufficient
iaformatioa is available ¥ plot the reservoir section shovn in
Fig 10. Fig 10 is equivalent to Fig 6 of the conceptual medel but
includes sdditioas( detail belov the horizontal isobar dawn to &
pressure of 40 Bars(abs).

In Fig 10, the upper & lower KA aszimums wes coincident st &
pressure (Y 33 Bars(abs) spprox, thus, this isobar b s been drawn
Borizoatalfy as in the conceptual model.

Similar interpretations as rudde using the conceptual model ¢ea
b4 made to this model. but with the followiag important
modifications or exceptions;

(i) The occurrence of the coincident upper & lower KA
awximums at 33 Bars(abs) is extremely sigaifictat as this
is vasrs the (irel formation of yepour dominsled
conditions will take plse<e in the reservoir. The formation
of natural steam which occurs at about this pressure in
real ~oservoirs therefore =may ae be due to some
property elaied to the maximum enthalpy of seim
(whichoccurs at & pressure of 31.19 &l‘!{lbs},). but could
toise aducelly as the result of counter flor resecvoic
conditions.

(ii) We do not need todiscard half the model, as had tobe
done vith the conceptual model. but instead can allow

some surface activity in the form of surface veLs¢ close to
the boiling point of steam vents which can occur at Py=1

or less.

(iii The astural boundaries still occur but in order for
this model to fit ¢ real reservoir,the theory put forvard
in the conceptual model concerning the position of the
deep water |evel hasto be modified somevhal in order that
the yapour dominated regioa can have a reasonsble

thickness at pressures at or above 33 Bars(abs). It will be
noted from Fig !0. that vhen the 33 Bar isobar is made

186

tend to be drained away [rom the vapour dominated
region ie conditions outside the reservoir can have no
effect. However, below the horizontal isobar, the isobar
slope will allow external pressure conditions to affect the
reservoir and the reservoir pressure will reflect
conditions outside ie liquid dominated. This effect will
occur for any isobar that is made horizontal. We could, in
theory, have & horizontsl water surface at the critical
point, 221 Bars(abs). In this case there would be & very
lsrge vapour dominated reservoir with a higher pressure
gradient than its suroundings. In practice though, it
seems that the deep water level will occur just above the
deepest permeable drainage zone. Further investigation of
the deep reservoir may reveal a maximum possible depth,
but unfortunately, it is not possible at the moment to make
s prediction based on the properties of & uniformly
permeable reservoir.

(iv) An actual value of KA is ¢2a2c1i2d for each value of
P4 considered. Substitution of & value for average rock
permesbility will allow the r==cvolr mm required to
sccept a recharge of I kg/sec to be readily estimated. This
figure can be used In @ r2g¢ of ol caglasecing
aleulatioas,

(v) Fig 11 is an extract of the dats produced for P=2.0

Bars{abs). It will be noted that in the Vapour Dominated
region (between P«9 & 60 Bars(abs)), the value.of K (the

water volume fraction in effect) lies appro tily in the

range .34-.38. Thus the pressure gradient in this region is
shout 30% of the equivalent hydrostatic pressure
gradient.
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40 0.: 5 82,
-‘z i|.0- P A 4 .
a 0.3 . 1429.04
- “o.5147 | 0. 3 1503. 969
ECo 0.5101 | 0.38 : 1579.4
s0 0.5005 | 0.3957| 3935.5488 1654.9246
52 “0.4918 | 0.4071| 3984.9030 1730.3878
ETE 0. 4854 0.4168| 4017.3341 1806.2019
56 0.4671 | 0.4377| 41351036 1880.7973
e 0.4753 | 0.4280| 4061.3063 1957.702¢
50 NUM

RESULTS TABLE FOR Po= 2.0 Bars(abs)

Space does nol permit a discussion concerning the apparent
dissppearaace of the condensats layer. however. the suthor is
currealy re-evalusting measurements takem in the so called
condensate & vapour regions of some real reservoirs.

The difficulty of intarpreling downwell pressure & temperature
measuremenls taken in two phase reservoirs is well known.
laterpreting these measurements by comparing them with the
theoretical well conditions described in Lhis paper as opposed Lo
Lrying to describe the reservoir in terms of the measurements is
leadiag Lo some very interesting ebservations wbicb will be
reported in a future paper
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NOTATION

Ares (m?)
Aceslerstion due to gravity (=9.81 m/s?)
Specific enthalpy of liquid (k]/kg)

Specific enthalpy of vapour (kJ/kg)
Latent heat of evaporation (k]/kg)

Permesbility (m?)
Relative permeabilitywith respect 1o valsr

Relative permeability with respsci tosteam

Pressure (Bar or Ps)
Pressure at first water saturation temperature (Bar)

Steam condensed in each pressure interval (kg/s)

Temperature (C)
M flux &asity of valer (kg/m?s)

eass flux deasity of ssin (kg/m2s)
Specific volume of ¥atar (m3/kg)
Specificvolume of sl (m3/kg)

- Ju=g=q;”=“ff”a?a’-?n’

Y volume (m3)
W, Waterflov(kg/s)

w, Vaterflov(kg/s)

‘W, Steam flov (kg/s)

'a Chaage in

‘v,  Kiasaslic viscosity of water( a?s)
v,  isemulc viscosity of steam( m?s)
p,  Density of water (kg/ m®)
Py Density of steam( kg/ o)
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