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ABSTRACT

This paper describes a theoretical model for the solution of steady
one-dimensional dispersed two-phase flow of wet steam in diffusers.
Effects of initial flow conditions such as, slip coefficient, wetness
fraction, droplet radius and diffuser geometry parameters on the
flow characteristics are considered. Predictions of flow parameters
for continuous-phase and discrete-phase are obtained using Runge-
Kutta method in solving the theoretical model. The results of
calculations of flow of wet steam through diffusers detect a great
variation in the diffuser performance, and show that this great
variation depends upon the interaction processes between the two-
phases assembly. Also the results show that the presence of
convergent section during flow of wet steam through diffusers at
certain conditions may lead to critical feature and depends upon the
dryness fraction. A comparison between predictions of the present
model and other published analytical and experimental results are
held. The comparison indicates a good qualitative agreement
between the results of the present model and the others and that
both sets have the same trend.

Keywords: Two-phase, Diffuser, Slip coefficient, Heat transfer, Wet

steam.

INTRODUCTION

' in diffusers is of considerable
ictical importance in turbines, pumps,
compressors and other roto-dynamic
1es. At some stages of the passage
h the machine there arises the
m of recovering kinetic energy, which
it be sacrificed without detrimental
on their efficiency. The kinetic energy
converted to pressure energy by
erating the flow in diffusers of suitable
our, making it necessary to examine in
their performance.

ecent research on subsonic diffusers
| single-phase flow has greatly increased
understanding of internal flows with
erse  pressure  gradients, and the
ables, which control diffuser
formance [1-3]. The flow of two-phase
r research can be found in many
eering problems, e.g., design of gas-
ven jet pumps, a draft tube of a cross-flow
turbines and evaluation of two-phase
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flow properties in diffusers which, has been
considered as one of the greatest importance
of these problems.

Two-dimensional diffuser performance
with subsonic, two-phase, air-water mixture
flow has been investigated by Hench and
Johnston [4]. They studied experimentally
the performance of a vertical rectangular
diffuser and showed that diffusers with air-
water mixture have the same general
performance as diffusers with a single-
phase. Tomitaro and Kenichi [5] studied also
experimentally the performance of a vertical
diffuser for air-water mixture. The diffuser
performance with air-water mixture is
affected not only by the channel profile but
also by the inlet flow velocity profile. They
also concluded that, the efficiency of the
diffuser deteriorates as the air-water ratio
increases. Some effects on conical diffuser
performance of preceding normal shock
boundary-layer interaction were done by
Livesey and Odukwe [6]. The experimental
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results are presented for the variation of
static  pressure rise coefficient, the
transformation efficiency and the total loss
coefficient. Therefore, it appeared from the
literature review that the study of two-phase
flow in a diffuser has not received the
attention of many investigators; so the
nature of diffuser performance with two-
phase fluid flow is not well established and
publications which concerning  the
theoretical treatment of two-phase flow with
inter-phase slip and heat transfer are
needed.

State of meta-stable in flow of wet steam
occurs, rapidly or slowly due to hetro-phase
fluctuation, and more flow condensation
leads to stable or near stable state. This
process is depending upon the degree of
flow wetness. Therefore, within the above
reasons, it is very important to study and
analyze two-phase flow of wet steam with
different wetness and with other arbitrary
initial conditions through diffusers.

The primary incentive for this study is to
verify a theoretical model, based on one
dimensional, steady mono-dispersed two-
phase flow approximations, to simulate the

flow through diffuser with variable geometry.

Vi

e
—-’//
P’PI d
€ =Cqin .
Y "Yin inlet | Dy outlet |1y
e IR e S o e S R ol
t’§j=S<:.cl flow,
TP
in
e pli \\\
phe Tliy >
Az

a- Diffuser geometry and initial flow conditions

Figure 1 One-dimensional flow through a diffuser.

Flow equations

Considering the above assumptions, a
system of equations governing the flow
model for the two components of the flow,
[7] is:
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~ i- For continuous-phase

" follows:

The proposed model uses the basic flow
equations developed to study the effectof
initial flow conditions such as; slip
coefficient, droplet radius and wetness
fraction as well as diffuser geometry
parameters on the flow characteristics.

GENERAL FLOW EQUATIONS AND
CALCULATION PROCEDURE:

Flow Assumptions
To study the mono-dispersed two-phase

flow in diffuser shown in Figure 1-a, the

following assumptions are taken in deriving
the system of equations which govern the
flow model:

i- The flow is one-dimensional.

ii- Discrete-phase consists of mono-
dispersed incompressible spherical
liquid droplets and distributed uniformly
through the vapour phase.

iii- Initial flow conditions are correspondi
to wet steam condition.

gas. t
v- Forces affecting the droplet are, the
friction force, pressure gradient, and
force due to surface tension.

p p+dpdzdz

o ct+(do/d2rdz

LR ’ T+(dT/dz*dz

p p+(dp/dz)*dz

& et+(de/dz*dz
dz

b- Infinitesimal flow control volume.

The equations of conservation of mass
momentum = and energy are written a



| equatior.:

1A

um_equation.:

: dp19
—y(c3 —c)—F ——— 2
ez —cq) 5 (2)
equation:

= % (o3 —i1) -Fc2 +Q
(3)
_deqy

dz
discrete-phase
" a similar way, the equations of
ervation of mass, momentum and
for the discrete-phase are written as

lentum equation:
dey : dp, 9,
) —==(c3 —Cy )+F——==% 5
B, 13 c2) = (5)
equation.:
d(igy + vs)
' dz
12 - vs)+Fc, -Q (6)
dpyeops — dopq)
i dz dz

ixiliary Equations

- To solve the system of equations (1 to 6),
»  following auxiliary equations are
dered:

e stagnation enthalpy is calculated as

(7)
(8)
©)
ere, p and cz are defined as follows,
py =i; - T1S;. c3 =cp if ‘/_)0.0.1
(10)

K2 =i2~T232. C3 =Cy if ‘/_(0.0[

Two-Phase Flow Through Diffusers

2- Equation of state for continuous-phase is:

p1=p1-Rp-T;. Where, Re =B.Rjg (11)

3- The droplet of discrete-phase has a
constant density:

p, = const. (12)

4- Volumetric concentration for the two
phases:

@1+ =1 (13)

5- Assuming that the continuous-phase is
studied as an ideal gas flow, then its
enthalpy can be calculated from the
following equation:

iy sl Bl st (14)
(=1 m

6- The enthalpy of discrete-phase is:

iz =f(p2,T2) . (15)
7- The entropy of each phase is calculated
as follows:
Rp , P1 Po .y
S; =Syn + (n[——(—-)' 16
175t +F [Po " ] (16)
. Ty,
Sz =52in +C\-2’.'ﬂ[ ] (17)
02 ’
8- Heat release (Q) is calculated as follows:
Q=$—25d0¢(T1 -Tz) (18)
2

Where (o) is the coefficient of heat transfer
which is calculated through Nusselt number
and defined by; o =Nu%;/2ry and the Nusselt

number (Nu) is calculated from the following
formula as in Reference [7]:

Nu = 2+0.03Re%3 PO 3840350 B P03 (19)
Where, Pr is the Prandtel number and
defined as, (pjcp /7;) and Rer. is the

relative Reynolds number and defined as,

2rgjcy —¢ .
Repe) =—M , as in Reference 8.
V]
9- Mean heat transfer by conduction
through continuous-phase can be
represented by:
. dT,
R 20

=i (20)

10- Neglecting the effect of impinging
between droplets, then:

p2 =0

42 =0 1)

Alexandria Engineering Journal, Vol. 38, 6, November 1999 A 417




HAMED

11-Friction force of droplets is:

F:-(pz %Jr(\’;—zSMCfpl[c] —Czl(Cl —Cz)’ (22)

12-The friction coefficient C;, is calculated

from the following relation [7, 9]:
24 2.5

= e T (23)
o Rerel, Rerel_o'z5

13- Specific energy due surface tension, is

defined by:

P .. ‘ (24)
p2Td

14- Velocity of phase transformation is

defined as:

i P2 900, (25)
v, dt

Where, % is the mass velocity change of
t

droplet, which can be expressed as in
References [7, 10] by the following relation:
dmg __dmprrg

dt  [27RgTy
15-In the case of gas flow with droplets and
there is mass transfer between the two
components, therefore, it is of importance to
add the equation which govern the growth of
spherical droplet radius. This growth can be
calculated either from the differentiation of
mass of droplet or through the equation
which govern ,this growth as follows;

Ty g—l) (26)
2

4
md=§7rr3p2 (27)
Then,

dg 1 dmg (28)

2
dt 4md o dt

d 4
—(Apapaearg) =< A%y (29)
dz 3

To solve the system of equations (1-6)
with the help of the above auxiliary
equations (7-29), we must put these
equations (1-2-4-5-6) respectively in the
normalized form as follows:

o k149 1d, 1dA

p1( + ) 30
dz p1picy ¢y dz @y dz A dz 20)
dey 1 doy dp;

Betl B 7(ci —c3)-py— -9 —-F) (31
o e (e = e3) - pr -~ o1 —-=-F) (31)
d y di

1 _ o, (-—F +Lﬁ+_1-_d_é~, (32)

dz . P29P2€2 (%) dz A dz’
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d

'—Cl=——‘l—(F-‘/,(Cz—C.H) (33
dz  prpycy

diys . .

Zal (£(io3 —1o2 — vs)—Q+Fcy

dz  pygac;y 3
degpHe dv.

+ 22202 _ 5000, 8

dz dz :
Finally the pressure gradient term
calculated from Equation 3 as follows:

a(iy +¢f 2)

prereil e % (ol =103) a
- degeapy  dorg)
—Fey +Q - —=% - — 2
2+Q pm 3
Where, i; =f(p;.p;) then,
. L q
i e | 9PL+S‘_1 | 2B (36
dpy Pt dz c¢pp P dz
By differentiating equation 14 yields;
e < R, 1 (37)
dp; M= y-lp

G =t Pl (38)
C p1=¢ v—1A2
opy i pl

After rearrangement and substituti
Equations 20, 21, 36, 37 and 38 in Equati
35 and also neglecting the heat conductii
through  continuous-phase, then
pressure gradient can be written in
following form:

dfnA
d XLZ +FLF +QLQ A= --——LA_\
o4 W dz (39)
dz <P1(1-M12>
Where,
L, =eyfl = (53 ~ 1)1+ (7 - hM?)
i ¢
+l_pli(1_%)(ﬁ_2)+'oiﬁ]
TP2°2 M; ©2 A |
T=1p
2
1 P1© 1 c
L ==—5(-—)+(7-DM] (=2 -D)-1
! pzcz Ml C1
Lo =r-p
Q=-(1 )cl

o) 1 1 .
La=mMile; +—¢2(1-—)]
{ M1

2

C
M2 =1
4P
P1




mputational solution

er program was built up to
29 to 34 and 39 with the
auxiliary equations. Numerical
these equations is carried out
-Kutta method [11]. This
- was carried out for a duct of
metry as shown in Figure 1l-a
step size Az = L/n, where n is the
steps. Through each step of
tions, an infinitesimal difference
for each parameter is calculated
e dimensional flow through
mal control volume, Figurel-b, to
ew value for this parameter under
ing inlet conditions:

= Vi P1 = Pin» P1 = Pin>

Flcy,. C2 =S¢ cyn, T = gy,
JinP1 ;
o ; =1~y and
2(1 - ¥in) Plin Zin

T5(2 =0) = T5(Z =0,p = pin)
£ (40)

 RESULTS AND DISCUSSION
dynamics of two-phase flow depend
heat and mass transfer between the
es, which affect all the
jation equations. Also the mechanical
ction between the two-phases affects
quations of momentum and energy. It
clear from Equation 39 that all the
parameters affect the pressure
ient. The predictions, presented herein
tained for mono-dispersed two-phase
through variable area duct with the
ile, shown in Figure 1. The diffuser has a
tant inlet diameter, D: = 0.098 m and
, L = 0.1 m. The effects of inlet flow
ditions and the geometrical parameters
the diffuser performance will be
cussed in the following sections. The
mputations are performed for diffuser half
ergence angle of 2, 4, 6 and 8¢, initial slip
efficient, 0.5, 0.7, 0.9 and 0.95, for
erent initial droplet radius varies from
pm to 10 pum, and also wetness fraction

Two-Phase Flow Through Diffusers

Axial Static Pressure Distribution

The variations of axial static pressure
(p/pin)of flow of wet steam at variable inlet
flow conditions such as wetness fraction,
slip coefficient and droplet radius are shown
in Figure 2. The distribution of static
pressure of flow along the diffuser axis at
variable inlet flow wetness and keeping all
the other flow parameters constant is shown
in Figure 2-a. It is observed from this figure
that, increasing the initial flow wetness,
causes a variation in the static pressure in
the first part of the diffuser with negative
pressure gradient, while in the second part
of vhe diffuser, the static pressure gradient
has a positive value. This is because in the
first region of the diffuser the mechanical
influence exceeds the geometrical influence
and leads to decrease in the static pressure
without regarding to the channel form and
subsonic flow condition. At a certain point
in the diffuser the mechanical influence
equal to the geometrical influence and the
pressure will be minimum. After that any
increase in the diffuser area, the geometrical
influence will exceed the mechanical
influence and then the static pressure
gradually increases. In general, for high
value of initial flow wetness, the diffuser
acts as a nozzle up to the middle part of the
diffuser, where the pressure takes the
minimum value. After that the process
characterized an increasing in static
pressure, where near the exit section the
pressure gradient is dropped. Figure 2-b
shows the effect of initial slip coefficient on
the static pressure distribution along the
diffuser axis. It is seen that as the coefficient
of slip increases, the region of negative
pressure gradient shrinks and the static
pressure at the diffuser exit increases. From
this figure it is seen that as the slip
coefficient approaches wunity the duct
completely acts as a diffuser and the
presence of nozzle zone diminishes. Figure
2-c shows the effect of droplet radius on the
static pressure distribution along the
diffuser axis. This figure shows that as the
droplet radius decreases and keeping all the
other parameters constant, the static
pressure sharply decreases in the first part
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of the diffuser. This is due to the

ie-acceleration of droplet through this part.

«iv The results showing the -effect of changing
diffuser angle (34) are presented in Figure 2-
d. The computations are performed for
diffusers with half divergence angles of 2, 4,
6 and 8 degrees. The results show that as

acts as a nozzle increases and the
pressure decreases. This is because t
geomnetrical influence is in the proportio
relation with - the half diffuser
Equation 39. Then, small decreasing in h
diffuser angle will lead to a more decrease
the  geometrical influence than

the half diffuser angle (34) decreases, the mechanical influence.

length of the first part of the diffuser which
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Figure 2 Dimensionless axial static pressure (p/pi) distribution along diffuser axis. (pm = 6 bar & cin = 300 m /s)
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Ratio Between Discrete-Phase

kinematics similarity
the two phases. Therefore, it is
t to study the effect of inlet flow
ions such as initial wetness fraction,
slip coefficient, initial droplet radius
If diffuser angle (34) on the velocity
between discrete-phase and
nuous-phase of the flow. These results
otted in Figures 3 and 4. The variation
locity ratio at variable inlet flow wetness
at constant values for all the other flow
ters is shown in Figure 3-a. This
shows that during flow of wet steam
gh the diffuser in the case of subsonic
the static pressure increases and the
of continuous-phase decreases,
- the velocity ratio increases at constant
ness fraction. Increasing the initial flow
ness, slowly increase the continuous-
e velocity in the first part of the duct,

the velocity ratio slowly decreases
in the second part of the duct the
ty ratio decreases. This is due to the
ect of condensation and evaporation
ring expansion. As a whole the change in
al slip coefficient due to the small change
the wetness fraction is so small. Figure

12
: "é,’—;——.
L0 P 1
C./C 08 /
2i 1
]
i
] 1y =01
n
ey { 2 =03
] 3 =08
0‘4  don = Fad | SR T i R L B S R R i i ]
0.00 0.02 0.04 0.06 0.08 0.1

Z, (m)

a- Effect of initial wetness fraction, (Vi)
(fra =5 um,84=6°8& S =0.9)
mn m
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Two-Phase Flow Through Diffusers

3-b shows the effect of inlet slip coefficient
on the velocity ratio. It is seen from this
figure that there is no effect on the velocity
ratio along the diffuser axis except at the
entrance zone. Figure 3-c shows the effect of
inlet droplet radius on the variation of local
slip coefficient along the diffuser axis. It is
clear that, as the droplet radius decreases,
the rate of decrease of velocity (c1) is more
and translated to the discrete phase velocity
(c2), then the local slip coefficient increases.
The effect of diffuser half angle (34) on the
velocity ratio (cz/c1) along the diffuser axis
and keeping all the other flow parameters
constant is shown in Figure 3-d. On the
other side the distribution of the absolute
values of velocity for each phase at the same
conditions mentioned above is shown in
Figure 4. These results indicate clearly that,
increasing the diffuser angle causes a
decrease in the continuous-phase velocity
(c1) and also in the discrete-phase velocity
(c2), however, the rate of decrease of (c)) is
greater than the rate of decrease of (c2), this
will lead to an increase in the ratio of
discrete-phase velocity to continuous-phase

velocity (¢, /c,).

oA
-3/
42 L

R
C,/C 08—

1/ 1 s, =08
. 2 =0.7

T %
4 3 =0.9
o 4 =0.95

0'4 LI L [ T 1 17 71 [ T 1T 17T I L LA ’ l' 1T

0.00 0.02 0.04 0.06 0.08 0.1
Z, (m)

b- Effect of initial slip coefficient, (S. )

(l‘din =25um,34=6°8& Vin=0.9)

Figure 3 Dimensionless velocity ratio (cz/c1) distribution along diffuser axis. (P = 6 bar, cn =300m/s)
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m

Figure 3 (cont’d) Dimensionless velocity ratio distribution (cz/c1) along diffuser axis. (Pn = 6 bar, cin =300m /)
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a- Continuous-phase velocity. (c,)

Figure 4 Absolute continuous-phase and discrete-phase velocities distribution along diffuser axis.
(pin = 6 bar, cin = 300 m/s, S, 0 0.5, Yyin=0.5 &ra_=2.5um)

coefficient. It is clear from Figure 5 that as
the wetness fraction increases the difference
between the saturation temperature and the
discrete-phase temperature decreases at the
same pressure. This is due to, as the
wetness fraction increases, the heat transfer
between the two-phases increases, which
leads to more intensive equalization of
temperatures. Figure 5 shows that, by
increasing the half diffuser angle the
temperature ratio T2 (z)/Ts (z) increases.
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Temperature Ratio

During expansion of two-phase flow
through ducts, temperatures of continuous-
phase Ti(z) and discrete-phase T: (z) are
different from the saturation temperature Ts
(z) at the same pressure. Therefore, it is
important to determine the direction of heat
transfer between the two phases. Figure 5
shows the variation of dimensionless
discrete-phase temperature T2 (z)/Ts (z) for
different inlet wetness fraction and slip
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ric Concentration
volumetric concentration of discrete-
. in proportional relation with the
~ fraction and droplet radius,
40. Figure 6-a confirms this
. Also it is seen from Figure 6-b, as
t slip coefficient increases the
ratio (p2/p 1) decreases, this leads to

radius on the variation of discrete-phase
volumetric concentration. It is clear that, as
the droplet radius increases the volumetric
concentration of discrete-phase increases,
on the other side the number of droplets in
cubic meter decreases. This is because the
volumetric concentration of discrete-phase
and droplet radius are in proportional

a- Effect of initial wetness fraction, (Vin).
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6 Variation of discrete-phase volumetric concentration, (¢ ) along diffuser axis.

(Pin =6 barand ciu =

300 m/s)
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Figure 6 (Cont’d) Variation of discrete-phase volumetric concentration, (¢ :) along diffuser axis.

(pin = 6 bar and ci = 300 m/s)

Validation of Numerical Model in Wide-
Angle Diffuser

The numerical model was tested in case
of separated flow through conical diffusers.
A conical diffuser has a length of (0.5 m) and
the total divergence angle was varied up to
16 degrees was examined. The computations
were performed for different values of initial
conditions such as, wetness fraction, slip
coefficient and droplet radius to indicate the
variation of these parameters on the diffuser
performances in this case. The influence of
initial wetness fraction on the axial static
pressure along the diffuser axis is shown in
Figure 7 for different values of initial slip
coefficients. At small slip coefficient, as
shown in the figures, the axial static
pressure decreases as the wetness fraction
increases. Increasing the slip coefficient to
0.9 reverse the performance trend. However,
the variation of axial static pressure along
the diffuser indicates that, the presence of
‘separation flow which is clearly appeared as
a region of constant pressure. For higher
values of initial slip coefficient, (Sin = 0.9) it
can be observed from Figure 7-c that, by
increasing the initial wetness fraction the
separation in the diffuser starts earlier. On
the other hand, increasing the initial slip
coefficient reduces the pressure drop at the
diffuser entrance.
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To verify  the present  model
computations are performed and compared
with inviscid and viscid analytical solutions
and available experimental results o
References 12 and 13, respectively. The
tested diffuser presented in Referencel?2 has
a length of 0.2 m, non-dimensional length of
15.49 and 4.045 degrees half divergence
angle with total area ratio of 9.14. As there
is a sever shortage in experimental data fo
flow of wet steam through diffuser. Thus, the
comparison is conducted with air flow asa
working fluid through the diffuser. The
available data in these references were
obtained with air as a working fluid in the
diffuser. Details of the configuration and the
test inlet conditions are described in
References 12 and 13 The computation with
the present model is conducted with
approximately dry and saturated steam for
the comparison purpose. Figure 8 shows the
comparison between the results obtained by
the present model and the others, Reference
12 and 13 at the same inlet conditions,
namely po = 1.27 bar, inlet Mach number, M
= 0.667, initial wetness fraction yin = 0.1%,
initial droplet radius, rain = 5 w m and initial
slip coefficient, S: i» = 0.9. The comparison
between the results of the present model
and the others indicates that the trend is
the same. It is observed from the
comparison that, underestimated results
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ined by the present model due to the working fluids, in addition to the separation
erence of the physical and possibility in the diffuser as mentioned in
rmodynamic properties of  the tested Referencel3.
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7 Dimensionless axial static pressure (p/ps) distribution along diffuser axis (pi = 6 bar & cin = 300 m /s)
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8- The comparison between the results
the present model and the o
experimental and theoretical mo
revealed that the present model has

1.00— e
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3 4 0. —
- 4 " , i
7 /‘ m, i
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Figure 8 Comparison between present results and
published data References, [12 and13].

CONCLUSIONS
The present results may be summarized
as follows:

1- In general the diffuser performance is
affected by the inlet flow conditions.
Increasing initial wetness fraction will
decrease the exit pressure, while
increasing the initial slip coefficient the
exit pressure will increase.

2- Decreasing half diffuser angle gave the
same effect of increasing initial wetness
fraction.

3- The change in local slip coefficient along
the diffuser axis for different initial
wetness. fraction is small.

4- Local slip coefficient increases as the
initial droplet radius decreases.

5- The continuous-phase velocity sharply
decreases along diffuser axis as the half
diffuser  angle increases, while the
discrete-phase velocity is in a slightly
decrease.

6- As the initial wetness fraction increase;
the temperature difference between
discrete-phase temperature and

corresponding saturation temperature
decreases.
7- The presence of negative pressure

gradient, (first part of the channel acts
as anozzle) may lead to a critical feature
and depends upon the initial dryness
fraction and slip coefficient.
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same trend but underestimate
results.
NOMENCLATURE
A: area; m?
¢ phase velocity; m.s'!
cp, v heat capacities at constant pressur
and volume respectively; J.kg! K-!
Di: diffuser inlet diameter; m
Do: diffuser outlet diameter; m
e: internal energy; J.kg!
F: interaction mechanical force betwe
the two-phase components N.m
iz enthalpy; J.kg!
L: diffuser length; m
ma: droplet mass; kg
p: pressure; Pa
Q: heat release per unit volume; J.m=.
q: conductive heat transfer rate per
area; Jm=2s!
rq : inlet droplet radius; m
Ta. droplet radius; m
Rs: gas constant; J. kg-1.K!
S: entropy; J. kg ! .K-!
Sa: droplet surface area; m?
Swm: maximum droplet cross-sectional
area; m?
T: absolute temperature; K
Va: droplet volume; m?3
Vs: specific energy due to surface
tension; J.kg!
Z: distance along diffuser axis; m
o convective heat transfer coefficient;
W.K-1. m—=
c: surface tension coefficient; N.m-!
p: density; kg.m-
[T% Gibbs function; J. kg-!
v: kinematic viscosity; m? s!
i phase conversion rate; kg.m-3.s-!
IS thermal conductivity; W.K-1.m-!
da: diffuser half angle degree
Subscripts
1: continuous-phase;
2: discrete-phase;
c: condensation;
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droplet;
evaporation;

ideal gas;

inlet;

maximum;
stagnation;

relative;

saturation, surface;
total;

dimensionless Quantities

compressibility;

friction coefficient;

Mach number;

Nusselt number;

Prandtl number;

Reynolds number;

. slip coefficient and defined by c2/ci;
wetness fraction;

: condensation coefficient;

evaporation coefficient;

i specific hear ratio;

: volumetric concentration;
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