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For Nuclear Power Plants, both for PWRs and BWRs, there are many instances in
normal operation, accidents and transients when it is important to know the pressure
drop and quality of the flow, at a flow junction. In this paper two-phase pressure
drops in a horizontal T-junction with equal areas are assessed in the case of
separating flow using the RETRAN-3D code. Therefore applying the RETRAN-3D
code first recoverable pressure drops are calculated for different flow rate ratios, inlet
qualities and system pressures for steam-water mixtures. These pressure drops are
then compared to analytical expressions by Soliman and Ebadian (1994) developed
from the analysis of a wide range of two-phase experimental pressure drop data for
equal-sided junctions with horizontal inlet and side branches both for steam-water
and air-water flow. With these comparisons the experimental pressure loss is
separated into a recoverable part (i.e. that calculated by RETRAN-3D) and an
irrecoverable. A model for the irrecoverable pressure losses is derived for the
RETRAN-3D code by comparing the RETRAN-3D total momentum equation with the
expressions generally used for pressure changes at T-junctions. The results of this
model are compared to the experimental data through the expressions of Soliman
and Ebadian and are shown to produce very good comparisons particularly for the
range of conditions consistent with the experimental data.
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Introduction

T-junctions are used in many technical applications to join two flows or to separate a
flow into two different flows and there are many such applications in the oil, gas, and
water industries as well as the nuclear industry, see Azzopardi [1] for a review.
For Nuclear Power Plants there are many instances in normal operation, accidents
and transients when it is important to know the pressure drop and quality of the flow,
at a flow junction. These include for example; the flow distribution in common headed
steam lines, feedwater lines and the emergency core cooling system lines, the flow
out of a small break in the hot or cold leg of a pressurized water reactor (PWR)
during a loss of coolant accident, the flow into a boiling water reactor (BWR)
recirculation line as the downcomer level falls during an accident, the flow into the
pressurizer surge line in a PWR etc.
Both in the STARS project at PSI, and in the nuclear industry in general the
RETRAN-3D code is used to analyse a wide range of accidents and transients for
both PWRs and BWRs (see for example, Tamaki, Ohatani and Kawabe [2];
Coddington [3]; De la Fuente et al. [4]). It is important therefore, to assess the
accuracy of RETRAN-3D to calculate the pressure drop and flow quality at T-
junctions for both diverging and converging flows. A specific example of this
requirement is during a BWR turbine trip transient with bypass flow. During this event
the steam flow along the steam line is divided "at a T-junction", into flow to the
turbine, as the stop and control valves close, and to the bypass valves. For a majority
of plants the plant control logic uses the pressure at the turbine inlet to control the
opening of the bypass valves and so in order to correctly calculate the bypass valve
opening a knowledge of the pressure differences between the different flow paths i.e.
steam line to turbine and steam line to bypass is of major importance
(Coddington [5]).
As a first step in this assessment the pressure loss at T-junctions in the case of
single phase joining and of separating flow, for different mass flow rate ratios as well
as different junction angles has been considered ([Barten et al. [6]). As part of this
analysis RETRAN-3D (Paulsen et al. [7]) calculations were run for joining and
separating flow patterns and the results compared to the experimental data
documented by Idelchik [8] and Wagner [9]. With these comparisons it was possible
to separate the experimental pressure loss into a recoverable part (i.e. that
calculated by RETRAN-3D) and an irrecoverable.
In the work reported in this paper, the assessment of the single-phase pressure drop
has been extended to that for two phases. The assessment has made use of the
analysis of Soliman and Ebadian [10]. Soliman and Ebadian analysed a wide range
of two-phase experimental pressure drop data for equal-sided junctions with
horizontal inlet and side branches. The experimental data covered systems
applicable to both the Nuclear and Non-Nuclear Industries and included steam water
flow with pressures ranging from 1 to 100 bar and inlet qualities of 0.0 to
approximately 40 %. The data base was extended to 100 % quality using air-water
data at low pressure, typically 1 to 2 bar. The data analysed covered some 300 data
points. While the range of inlet mass fluxes spanned typically 10 to 7000 kg/(m2s),
the majority of the data points were in the range 1000 to 2000 kg/(m2s).
The work of Soliman and Ebadian took existing expressions for the single phase
pressure change along the main pipe and from the main pipe to the side pipe, and
showed, how, by using these expressions and by taking a suitable form for the two-
phase density (i.e. assumption of slip ratio etc.) that it was possible to span the
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experimental data. It is possible therefore to use the analytical expressions of
Soliman and Ebadian to provide a representative base of the experimental data,
which as stated above covers a wide range of conditions applicable to nuclear
reactor systems. The only caution to be expressed is that except for the low pressure
air water data the maximum quality is less than 40 %.
In addition to comparing the results of the RETRAN-3D calculations with the
experimental data as represented by the analytical expressions of Soliman and
Ebadian, it has been possible to derive a model for the irrecoverable pressure losses
for the RETRAN-3D code. As described in Barten et al. [6], RETRAN-3D only
calculates the recoverable losses so that by comparing the RETRAN-3D total
momentum equation with the expressions generally used for pressure changes at T-
junctions it is possible to derive expressions for the irrecoverable losses in a suitable
form that are consistent with the RETRAN-3D modelling.
The results of this model are compared to the experimental data through the
expressions of Soliman and Ebadian and are shown to produce very good
comparisons particularly for the range of conditions consistent with the experimental
data.

RETRAN-3D Calculations Without Irrecoverable Pressure Losses

We consider a T-junction configuration consisting of 3 legs; see Figure 1 where a
typical 90 degrees T-junction is shown. For separating flow considered here fluid
flows into leg 1 and leaves through legs 2 and 3.

Leg1 Leg 2

I Leg 3

Figure 1. Diagram of a T-junction. The arrows indicate the flow direction.

We calculate the flow and pressure behaviour at the T-junction using RETRAN-3D
(Paulsen et al. [7]). In these calculations, leg 1 consists of twelve control volumes,
which are volumes 1 through 12. Leg 2 also consists of 12 volumes which are
volumes14 through 25, and leg 3 consists of a further 12 volumes which are volumes
26 through 37. Volume 13 is an intermediary volume between legs 1, 2 and 3. The
mass flow and fluid quality were specified using 2 FILL junctions for saturated liquid
and vapour connected to control volume 1. The ends of legs 2 (volume 25) and 3
(volume 37) were connected to large time-dependent volumes.

Figure 2 shows the static pressure, p, in each of the RETRAN-3D control volumes
for the mass flow rate ratios considered above. There are no pressure losses along
each leg of the system, because wall friction was ignored in the RETRAN-3D
calculations (and the wall friction term was subtracted from the analytical results
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presented below). In addition RETRAN-3D in the default mode does not consider
irrecoverable pressure losses at T-junctions. Thus the pressure variation in Figure 2
is due to recoverable (reversible) pressure changes.
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Figure 2. Shows the pressure in the RETRAN-3D control volumes for the mass flow rate ratio
^ = 0.5 fora pressure of 7 5 bar and an inlet quality, X = 0.1.

Pressure Loss Correlation by Soliman and Ebadian

Soliman and Ebadian [10] derived a correlation of the two-phase pressure drops in
horizontal T-junctions with equal areas, which we show here. Therefore they
analysed a set of 7 experiments with air-water and steam-water mixtures. The inlet
pressure of the experiments ranged from 1.1 to 75 bar and the inlet mass flux from 7

kp
to 7500 —4-. Soliman and Ebadian considered both the pressure difference in the

nrs
straight path between legs 1 and 2, Ap12 = ̂  - p2, and also in the branch path
between legs 1 and 3, Ap13 = p^-p3.

Straight Path
For the straight path they defined a two-phase multiplier for the static pressure
difference,

ILO ' (1)

as the ratio of the pressure difference for two-phase (TP) flow and for liquid only (LO)
flow. The pressure difference for two-phase flow is

)TP
G 2 r*2
_J ^ 2 _

A P2
(2)

and accordingly
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(AP1 2)L O=-(K1 2)L

r2 r-2

PL PL
(3)

for liquid only flow. Where p., is the actual density and G, is the mass flux in leg 1
and pL is the liquid density. The momentum correction factor for liquid only flow is

(4)(Kn)L0 0.57 0.1021 M 0.1071 M .

Under the assumption that the momentum correction factors for liquid only flow and
two-phase flow are the same, the two-phase multiplier follows as

A
1 G2/P2

G2J (5)

For even phase splitting ( A = A>-Xi = X2)> using the momentum-weighted densities,

Pu\ = (6)

as proposed by Fouda and Rhodes [11], this reduces to

* 2 _PL _
2 1 " ~ ,

PL A
(7)

A i-«i PG
 a\

where pG is the gas density and x, is the quality in leg 1. The void fraction in leg 1 is

- 1 - 1

_s A L I Z * . t ( 8 )

PL * I J

where S., is the slip ratio in leg 1.
For the case of homogeneous flow, Sm = 1, the density reduces to

r " i - 1

I .An .An

PHI =
PL PG

(9)

and the two-phase multiplier is

Pm .PG
(10)

For the case of a 75 bar system pressure and an inlet quality, X = 0.1, the predicted
pressure loss for homogeneous flow is given as (+) in Figure 3a.

Soliman and Ebadian considered also the case of separated flow, Ss =%JpL/pG • The

pressure differences for this case are given as (x) in Figure 3a. The (x) and the (+)
symbols are connected to indicate the range of pressure losses predicted by Soliman
and Ebadian. For this situation we also have calculated the static pressure
differences, Ap12, using RETRAN-3D for different slip correlations. For homogeneous
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flow the RETRAN-3D results are given as triangles. Note that this pressure difference
is well below the pressure differences given by Soliman and Ebadian. This holds also
for the RETRAN-3D results for the algebraic Zolotar-Lellouche slip correlation (line)
and the algebraic slip equations based on the drift flux model of Chexal-Lellouche
(square). This is because in the actual RETRAN-3D implementation only recoverable
pressure changes are considered. Thus the differences between the Soliman and
Ebadian results and the actual RETRAN-3D results give an estimate of the
irrecoverable pressure losses.

X = 0.100000 [-], p = 75.0000 [bar]
T 1 1 1 1 1 "i—"—r" 1 1 1 1 1—*—i T -

I Î Ï Ï Î

£ 2

Q.
8

-2
0

D RETRAN, IS 3
— RETRAN, IS 2

+ SE94, horn.
X SE94, sep.

0.2 0.4 0.6
W3/W1 [-]

0.8 1.0

Figure 3. Shows the pressure difference between legs 1 and 2.

Branch Path
For the branch path Soliman and Ebadian [10] defined a two-phase multiplier

for the stagnation pressure,

(11)

Jstag = P + Pkin=P + - (12)

which is the sum of the static pressure, p, and the kinetic pressure pWn = — . (Note

that Soliman and Ebadian denoted the stagnation pressure difference as
irrecoverable pressure loss.) The stagnation pressure difference for liquid only flow is
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(13)

where (K13)LO =1-0 .982[ ^ - ] + 1.843| ^ - ] - 0 . 7 1 7 | ^ - (14)

is the momentum correction factor. Under the assumption that the momentum
correction factors for liquid only flow and two-phase flow are the same, the two-phase
multiplier is

1 3 = ^ = 21 0 5 )

for even phase splitting (/?., = p2,x, = x2). The static pressure difference can then be
calculated using the definition of the momentum-weighted density in equation (6). For
the case of a 75 bar system pressure at leg 1 and an inlet quality, X = 0.1, of leg 1
the predicted static pressure loss for homogeneous flow is given as (+) in Figure 3b.
The static pressure differences for separated flow are given as (x) in Figure 3b.
For this situation we also have calculated the pressure differences, Ap13, using
RETRAN-3D for different slip correlations. These pressure differences are again well
below the pressure differences given by Soliman and Ebadian.

Implementation of a model for the irrecoverable pressure losses in RETRAN-3D

From the above section we have seen that at a T-junction the RETRAN-3D code only
evaluates the recoverable pressures losses and that these considerably over
estimate the pressure increase in the straight part of the pipe and under estimate the
pressure drop in the side arm. In order to allow for the presence of irrecoverable
pressure losses RETRAN-3D, in line with other similar codes, includes in the input
singular pressure drop coefficients e*. These coefficients are placed at the control
volume junctions and the pressure drop due to these singular input coefficients is

. W2

equal to e ——, where W and p are the junction total mass flow rate and the

density.

J11

J = Junction

Figure 4. Illustration of the RETRAN-3D Control Volumes at the T-junction.
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It should be noted that since RETRAN-3D uses a staggered mesh the junction total
mass flow is a prime variable while the junction density has to be defined from the
adjacent control volume densities.

In this section we develop an expression for the irrecoverable loss coefficients e* to
be inserted into the main e\2 and side arm e^ of the T-junction such that the total
pressure change calculated by RETRAN-3D is consistent with that given by Soliman
and Ebadian [10].

In the straight path the pressure change (Figure 4) is composed of the pressure
change at junction 12 and junction 13, i.e. p12~Pi4 ={Pn ~Pn) + {P-\z ~Pu)> and from
Paulsen et al. [7] and Barten et al. [6] equation (8) the steady state pressure
difference at a junction for homogeneous flow is given as follows:

P12 - Pis = -
Wi3,x

P12A2 P13A
+ -

2
< 2
!A2

" 1

LAI
1 "

A 3 .
+ \

2
hi
'12

1 2 1

'12

712

(16)

where (17)

It should be noted that all variables with a "hat", e.g. p12 etc, are control volume-
averaged, while variables without a hat, e.g. pn, are evaluated at a junction. For
reasons of clarity, the gravity vector terms and the wall friction terms have been
eliminated in the above expression. The full expression for the pressure change
including the modifications to take into account the liquid vapour slip (the difference
of gas and liquid velocity VSL = VG -VL) is given in Paulsen et al. [7] equation (II.3-47).
The above can be expanded to determine the total pressure along the straight path
as follows:

Wu.x

P12A2

W;12 1 1

A22

W;13

'13

1 1
(18)

712 '/13

When all junctions have equal area A, as is the case for the experimental data
analyzed by Soliman and Ebadian the above equation simplifies to the following:

Pi2-Pi4=-^2"
wl14,x

P^2 Pu
— W W
~ I 2 12

(19)

If we now consider only the irrecoverable loss coefficient
etc then the above equation becomes:

and substitute for



OGOO

-Pu =—722
Â2

1,
2

(20)

With reference to the above figure the pressure change along the straight line
(p12 - p14) can be equated to that given by Soliman and Ebadian equation (7).

To do this we define the mass flux in leg 1, G, =
W W

and likewise in leg 2,

W W
G2=—P- = —T1 . With similar expressions for the fluid densities p and loss

A A
coefficients, the above equation then becomes:

[G2f jar Jar
P^ Pi

(21)

Finally this produces an expression for e2 of:

e2 = 2.0-^(1.0-K12)
LGJ P2

(22)

In a similar manner to the above an irrecoverable pressure loss term for the side arm
can be obtained by equating the RETRAN-3D expression to that from Solimann.
In the side arm the pressure change is obtained from
Pi2-P26=(Pi2-Pi3)+(Pi3-P26)- Where (p12-p13) is given above and (p13-p26) is
given in Paulsen et al. [7] and Barten et al. [6] equation (12) as follows:

Pi3 - 0 2 6 = -
P13A3

" ' 2 5 1 1
25

725 (23)

where 1 ^ (24)

For the condition applicable to the data analysed by Soliman and Ebadian [10] when
all junctions have equal areas (i.e. A = A^2 = A^3 - A26) then the above equation
simplifies to

i< W
VV2

e25 (25)

Combining this with the above equation for (p12-p13) then we obtain for the total
pressure change from the main to side arm the following:
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7?

A, 2 Pi3

.1,
2

=12

13 26

.1,
2

(26)
'25

Again if we convert the RETRAN-3D numbering scheme to that used in Soliman and
Ebadian [10] then

G, = 1/1 /̂4 =Vlk//\ A = A 2 = A3
G2=W,3/A and P2=Pi3

G3 = W25/4 =W26//4 P3 = P25 = P26

and the pressure change becomes

(27)

Gf
Pi2

ife+Gj2

Pi3

i ^GC
2 1

*

'1 A
fe]2
.4Pi3

[G3 ]21
Pa .

| 1 G
' 2 b 3 ^ 3

P3

For consistency with the development of the pressure loss coefficient for the straight
line we only consider the irrecoverable pressure loss term in the side branch e j , in
addition in order to simplify the analysis we assume that the density remains constant
i.e. A = p2 = A3 = P3 = P ' s o t n a t G, = G2 + G3. The above then simplifies to:

(29)

This expression for the pressure change from the main to the side branch is then set
equal to the equivalent expression from Soliman and Ebadian [10], which comes
from a combination of equations (2 to 4, 8 and 26 to 29 in Soliman and Ebadian [10]),
from these we can write:

(30)

Equating these yields the following expression for ej

e'-K *Ê—9L
^3-^13^2 n2

G3 G3

(31)

The final expression used in the analysis for e2 and ej was corrected for the
additional pressure change terms given in the general total momentum equation
(Paulsen et al. [7], equation II.3-47) and in particular for those containing the gradient
of the slip velocity.

In the above evaluation of the pressure change in both the straight and side lines
expressions have been obtained for the RETRAN-3D irrecoverable pressure loss
terms e2 and ej for the conditions of equal areas and a 90 degrees junction. In
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addition in order to simplify the analysis the assumption of equal densities was also
made (as was the assumption in Soliman and Ebadian [10]). In the work of Soliman
they showed that they could span the pressure drop data from a wide range of
conditions with the assumptions of homogeneous and "separated" flow. For
"separated" flow they set the slip ratio Ss =VG/VL = ljpL/pe . In the RETRAN
calculations there are variations in the density in the different legs particularly for the
cases of low density, i.e. high void fraction. Finally, in the work of Soliman momentum
weighted densities were used while in the RETRAN model and analysis the average
density is defined as:

p = pL(ï.0-a) + apG. (32)

Where a is the void fraction.

Pressure Losses at 75 bar

In this section we present the RETRAN-3D results with irrecoverable pressure losses
calculated using the model given above. A system pressure of 75 bar is considered
for different inlet qualities.
First we consider the straight path for an inlet quality, X = 0.1. Now the RETRAN-3D
results of static pressure differences, Ap12, for homogeneous flow (left arrow in
Figure 5a), the Zolotar-Lellouche (house symbol) and the Chexal-Lellouche drift flux
correlation (right arrow) are within the range given by the Soliman and Ebadian
correlations for homogeneous flow (+) and separated flow (x). Compare also the
respective RETRAN results without irrecoverable pressure losses. This result can
also be presented in a more compact way by the resistance coefficient (Idelchik [8],
Wagner [9])

f"=^T' <33>
It can be shown that the resistance coefficient of Soliman and Ebadian is

(1-2K12)^(2-^1

T
Thus the results of Soliman and Ebadian for f12 are independent of the slip
correlation (x and + in Figure 5b). Moreover they are also independent of the
pressure and the inlet quality.

The RETRAN-3D results with irrecoverable pressure losses are in line with the
Soliman results, while the results without irrecoverable pressure losses are far away,
see Figure 3a.
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Figure 5. Shows the pressure difference between legs 1 and 2 for an inlet quality X = 0.1
and a pressure of 75 bar.

Also for the branch path the RETRAN-3D results of static pressure differences, Ap13,
for homogeneous flow (left arrow in Figure 5d), the Zolotar-Lellouche (house symbol)
and the Chexal-Lellouche drift flux correlation (right arrow) are within the range given
by the Soliman and Ebadian correlations for homogeneous flow (+) and separated
flow (x). Note that the resistance coefficient (Idelchik [8], Wagner [9])

12
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Ti3

tJkm,\

using the Soliman and Ebadian relations is

(35)

(36)

Thus as in the straight path the resistance coefficient by Soliman and Ebadian is
independent of the slip correlation (x and + in Figure 5c) and also of the pressure and
the inlet quality.
The RETRAN-3D results with irrecoverable pressure losses are nearly in line with the
Soliman results, while the results without irrecoverable pressure losses are far away,
see Figure 3b.

For an increased inlet quality, X = 0.5, the RETRAN-3D results of static pressure
differences, Ap12, in the straight branch for homogeneous flow (left arrow in
Figure 6a) and the Zolotar-Lellouche (house symbol in Figure 6a) and the Chexal-
Lellouche drift flux correlation (right arrow) are close to the Soliman and Ebadian
correlations for homogeneous flow (+) and separated flow (x). Note however, that the
RETRAN-3D homogeneous flow results are slightly below the Soliman homogeneous
flow results. This result can again be seen by the resistance coefficient £"12. As
mentioned, the results of Soliman and Ebadian for £12 are independent of the
pressure and the inlet quality (x and + in Figure 6b). The RETRAN-3D results with
irrecoverable pressure losses are nearly in line with the Soliman results.

Also for the branch path the RETRAN-3D results of static pressure differences, Apu,
for homogeneous flow (left arrow in Figure 6d), the Zolotar-Lellouche (house symbol)
and the Chexal-Lellouche drift flux correlation (right arrow) are within the range given
by the Soliman and Ebadian correlations for homogeneous flow (+) and separated
flow (x). Note that the results of Soliman and Ebadian also for £,3 are independent of
the pressure and the inlet quality (x and + in Figure 6d). The RETRAN-3D results
with irrecoverable pressure losses are again nearly in line with the Soliman results,
while the results without irrecoverable pressure losses are far away, see Figure 3b.
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F/gft/re 6. Shows the pressure difference between legs 1 and 2 for an inlet quality X = 0.5
and a pressure of 75 bar.
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Pressure Losses at 10 bar

In this section we present the RETRAN-3D results with irrecoverable pressure losses
for a system pressure of 10 bar and inlet qualities of 0.1 and 0.5 i.e. similar to those
presented for the 75 bar cases. These results are given in Figs. 7 and 8.
In Figure 7 we show the results for a quality of 0.1 and the first item to note is that
because of the increased density ratio the average density decreases and therefore
the pressure differences increase. We see for example that the pressure change
between leg 1 and 2 is about 5 times that of the similar calculation at 75 bar. In spite
of the lower pressure we see that the level of agreement between the RETRAN-3D
models for the irrecoverable losses, is the same as that at a pressure of 75 bar. For
example, we see that the RETRAN-3D results of static pressure differences, Ap12, in
the straight branch for homogeneous flow (left arrow in Figure 7a) and the Zolotar-
Lellouche (house symbol in Figure 7a) and the Chexal-Lellouche drift flux correlation
(right arrow) are close to the Soliman and Ebadian correlations for homogeneous
flow (+) and separated flow (x). Note however, that the RETRAN-3D homogeneous
flow results are slightly below the Soliman homogeneous flow results.

In the previous sections it was shown that the pressure difference Ap12 is given by

(AP12)rp=p1-p2=-(K12)T,
P\ Pi

(37)

so that for a given mass flow ratio the pressure difference depends upon the fluid
density. In the analysis of Soliman and Ebadian and in the development of the
RETRAN-3D irrecoverable loss model it was assumed that the density was the same
in each leg. Now because the relative pressure change is larger than at 75 bar the
assumption of equal densities is observed not to be the case, particularly for the
homogenous calculation, and this is the reason why RETRAN-3D homogeneous flow
results are slightly below the Soliman and Ebadian homogeneous flow results. For
the application to the 10 bar 10% quality calculations the slip ratio for homogeneous
model is 1.0, Chexal-Lellouche 2.5, Zollatar-Lellouche 2.7 and Soliman and Ebadian
separated flow 5.5. For the three RETRAN-3D calculations this produces densities,
of approximately 50, 105, 115kg/m3 respectively. For the model of Soliman and
Ebadian a momentum-weighted density is used (equation 6) resulting in a value of
151 kg/m3. (It should be noted that if the RETRAN-3D definition of density were used
then the density for a slip ratio of 5.5 would approximately 201 kg/m3 with a
corresponding reduction in Ap12).

In Fig. 8 we show the results from the calculation at 10 bar pressure and 50% quality.
A number of observations can be made for these calculations: first, it is seen that
there are now no Chexal-Lellouche calculations as it was not possible to obtain
consistent converged solutions with this slip model, second, we see that the absolute
pressure differences are now much larger i.e. of the order of 50 kPa or 0.5 bar, and
third the RETRAN-3D results lie outside the experimental data as represented by the
homogeneous and separated flow models of Soliman and Ebadian.
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Figure 7. Shows the pressure difference between legs 1 and 2 and 1 and 3 for an inlet quality
X = 0.1 and a pressure of 10 bar.
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Figure 8. Shows the pressure difference between legs 1 and 2, and 1 and 3 for an inlet
quality X = 0.5 and a pressure of 10 bar.

The reasons why the RETRAN-3D results lie out side of the models of Soliman and
Ebadian can be explained as follows:
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For the conditions of p = 10bar and quality of 0.5 the void fractions are very high
and therefore the densities low. For example for the RETRAN-3D calculations the
Zollatar-Lellouche results show a slip ratio of 3.45, a void fraction of approximately
0.98 and density of 22.5 kg/m3, while for homogeneous flow the void fraction is
approximately 0.994 and the density 10.5 kg/m3. For the model of Soliman the slip
ratio is still - 5.5 but the momentum weighted density is ~ 17.5 kg/m3. (Note the fluid
density using the RETRAN-3D definition for a slip ratio of 5.5 would be 32.4 kg/m3).
We see therefore the use of the momentum weighted density by Soliman and
Ebadian produces a value below that given by RETRAN-3D and this explains why
the RETRAN-3D results using the slip correlation of Zollatar-Lellouche lie outside the
range given by Soliman. It should however, be noted that generally the data base
used by Soliman is for qualities less than 30 %, although it does include two data
sets with qualities greater than 90 %. In order to draw any specific conclusions for
these high void fraction conditions it would be necessary to compare the RETRAN-
3D model directly with the experimental data. The fact that the RETRAN-3D
homogeneous pressure difference results are greater than those of Soliman is just
due the fact that the assumption of equal densities in all three legs is not valid for
these high void fraction conditions. The RETRAN-3D calculations for example show
a variation in density between the legs of up to 8 %.

Conclusions

This report provides an investigation of the changes in pressure as a steam-water
mixture flows into a horizontal equal-sided T-junction for separating flow. The
RETRAN-3D code was applied to calculate the recoverable pressure losses for
different slip correlations. By comparison with the Soliman and Ebadian [10]
correlation, which is based on an analysis of a wide range of steam-water and air-
water experiments, for different flow rate ratios, inlet qualities and system pressures it
was possible to determine the irrecoverable pressure losses at the T-junction. Using
the analytical expressions of Soliman and Ebadian a model for the irrecoverable
pressure losses was derived in a consistent way for the RETRAN-3D code with its
finite-volume formulation. The comparison of the results of this RETRAN-3D model
with the experimental data through the expressions of Soliman and Ebadian shows a
very good agreement particularly for the range of conditions consistent with the
experimental data. Note that the results for a (small) pressure of 10 bar and an inlet
quality of 50 % shows that the model assumptions, e.g. the use of the same constant
momentum weighted mass density in each leg of the T-junction, might need to be
refined for these conditions which are also outside the range of experiments
considered by Soliman and Ebadian.

From this study it is evident that irrecoverable pressure losses at T-junctions cannot be
ignored in the flow calculations. Thus including a model on the pressure losses in
RETRAN-3D is highly desirable and our RETRAN-3D model is a first step into this
direction. In the future it is intended to extend the investigations to the cases (i) of
joining flow and (ii) consider junctions with reduced area legs. This is spurred by
scoping investigations for single-phase liquids (Barten et al. [6]), which show that the
magnitudes of the irrecoverable pressure losses in the branch path strongly increase
as the cross-sectional area of the branching leg is reduced in comparison to the
straight section.
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