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In geothermal power plant systems, two-phase flow measurement is 

very important for the management and control of different 

processes. Two of the important parameters in two-phase flow are the 

flow regime (flow pattern) and pressure drop. In this study, high 

temperature air-water pressure drop and flow regime were 

investigated numerically, as a basic study of two-phase phenomena in 

geothermal power plant, using AIAD model. The vapor and water 

superficial velocities were ranged at 3.9 – 6.6 m/s and 0.013-0.022 

m/s, respectively. The computational domain was adjusted on a 

horizontal pipe with 255mm in diameter and 8000mm in length while 

the temperature and inlet pressure condition were set to 433K and 

6bar. The simulation results showed a good agreement on predicting 

flow regime compared with the flow regimes that obtained 

experimentally by previous work whereby stratified and wavy flow 

were clearly observed.. The results are beneficial to enhance the 

understanding of flow characteristics regarding geothermal wells and 

their potential power which is important to the investigation on 

geothermal industry.   
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1. INTRODUCTION 

Geothermal energy is source of heat energy stored in the earth's core. Geothermal is one of the 

renewable energies that has considerable potential in Indonesia, and is even one of the largest in the world. 

Indonesian Ministry of Energy and Mineral Resources (ESDM) states that this potential reaches 28.5 Giga 

Watt electrical (GWe) and only 1,948.5 MW has been utilized. This number is divided into 13 power plants 

and 11 Geothermal Working Areas [1]. The rise of the issue of gas emissions and climate change trigger 

geothermal energy more and more in demand [2][3]. Geothermal power plant consists of two main systems, 

which is laid below and above the surface. The system above the surface is composed of production wells as 

a link between the lower and upper systems, the wellhead, to the switchyard. The hot steam flowing from the 

wellhead to the turbine will pass through a pipe called a two-phase pipe (shown in Figure 1). So called 

because the steam flows with the water at the same time in the pipe. Two-phase flow is an important 

phenomenon that is widely found in various fields and devices [4][5][6]. In geothermal power plant systems, 

two-phase flow measurement is very important for the management and control of different processes [7]. 
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Figure 1. Representative two-phase pipe in geothermal power plant scheme 

 

Two-phase flow characteristics are phenomena that needs to be investigated considering the urgency 

associated with system performance, pump selection, and several other things. One of the important 

parameters in two-phase flow is the flow regime (flow pattern). According to Brennen [8], the flow regime is 

a certain type of geometric distribution of components. Generally, flow regimes are detected through visual 

observations [8]. The flow regime is formed as a result of the mixing of two physically dissimilar fluids, both 

of which are immiscible, resulting in a complex rheological structure. Each flow regime exhibits different 

hydrodynamic characteristics in phase distribution, velocity profile, interface, pressure drop, etc. [9]. The 

flow regime has an important influence on the flow boiling characteristics [10]. In addition, certain flow 

regime can cause high vibrations in the pipe, such as slugs, which can disrupt the performance of other 

supporting equipment [9]. Therefore, it is necessary to model the flow regime with variations in superficial 

fluid velocity to control the occurrence of certain flow patterns. 

In addition, another parameter that also needs to be investigated is the pressure drop. In two-phase 

flow, the pressure drop has greater value than in the single one. The study of pressure drop is important to 

determine the appropriate pump specifications, as well as to optimize the system [8]. Therefore, the study of 

pressure drop in geothermal power plants has a high urgency. 

Research in the geothermal power plant field certainly requires high costs and risks. On the other 

hand, experimental with prototypes in the laboratory also has weakness, one of which is about its accuracy. 

Therefore, a study of the steam-water flow pattern and pressure drop with CFD is proposed. In addition to 

lower costs and risks, variations and modifications of conditions can be conducted more easily and faster. 

However, a method definitely has its weakness. The weakness of CFD itself is that the data is not definitely 

accurate. Therefore, validation is needed to ensure that the data obtained is accurate. 

This research was conducted using the CFD method to obtain the characteristics of the flow pattern 

and pressure drop in the two-phase pipe of geothermal power plant, which is laid above the surface, after the 

wellhead. The high-temperature water vapor flows together in the two-phase pipe. The novelty of this paper 

is laid on the use of AIAD model by takes an account of temperature parameter. To the best authors’ known, 

that method is still rarely to be utilized on analyzing the flow with thermal consideration. 

 

Nomenclature 

𝜌 : density, 𝑘𝑔/𝑚3 

𝑢 

𝜇 

𝑔 

𝐹 

𝛼 

𝜎 

𝜃 

𝐸 

𝑝 

𝑇 

𝑘  

𝐽𝑗 

ℎ 

𝑆  

𝐶𝑝 

 

Subscripts 

𝐿 

𝐺 

: velocity, 𝑚/𝑠 

: molecular viscosity, 𝑘𝑔/𝑚𝑠 

: gravity acceleration, 𝑚/𝑠2 

: external flow, 𝑘𝑔/𝑚2𝑠2 

: volume fraction 

: surface tension, 𝑁/𝑚 

: angle, o 

: energy, 𝑘𝐽 

: pressure, 𝑃𝑎 

: temperature, 𝐾 

: conductivity, 𝑊/𝑚𝐾 

: flux direction 𝑗, 𝑚−1 

: enthalpy, 𝑘𝐽/𝑘𝑔 

: heat source, 𝑘𝐽 

: specific heat, 𝑘𝐽/𝑘𝑔. 𝐾 

 

 

: liquid 

: vapor 

wall 

𝑒𝑓𝑓 

𝑇 

𝐷 

k 

: wall 

: effective 

: turbulent 

: drag 

: phase 
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2. METHODOLOGY 

2.1. Governing Equations and Algebraic Interfacial Area Density (AIAD) Model  

In this case, governing equations are relied on conservation, momentum, and energy equation showed in Eqs 

(1)-(3). For multiphase case, we solve those equation by utilized the two-fluid model where subscript 𝑘 

denotes phase vapor or water and the following symbols are denoted in nomenclature. The drag force is 

obtained from the interfacial shear stress whereby it is expressed in Eq. 4. The 𝜌
𝐿𝐺

 is the average density, is 

(𝑈𝐿 − 𝑈𝐺) the relative velocity and 𝐴 is the projected area of the body in flow direction. The density denotes 

in Eq. (5). 

  
𝜕(𝛼𝑘𝜌𝑘)

𝜕𝑡
+ ∇. (𝛼𝑘𝜌𝑘𝒖𝒌) = 0         (1) 

𝜕

𝜕𝑡
(𝛼𝑘𝜌𝑘) + ∇. (𝛼𝑘𝜌𝑘𝒖𝒌𝒖𝒌) = −𝛼𝑘∇𝑝𝑘 + ∇. 𝛼𝑘[𝜇(∇𝒖 + ∇𝒖𝑇)] + 𝛼𝑘𝜌𝑘𝒈 + 𝑭    (2) 

𝜕

𝜕𝑡
(𝛼𝑘𝜌𝑘𝐸𝑘) + ∇. (𝒖𝑘(𝛼𝑘𝜌𝑘𝐸𝑘 + 𝑝𝑘)) = 𝛼𝑘∇. (𝑘𝑒𝑓𝑓,𝑘∇𝑇𝑘 − ∑ ℎ𝑗,𝑘𝑱𝒋𝑗 + 𝛼𝑘(𝜏̿𝑒𝑓𝑓,𝑘. 𝒖𝑘)) + 𝑺𝒉  (3) 

𝐹𝐷 = 𝐶𝐷𝐴𝜌𝐿𝐺 |𝑈𝐿 − 𝑈𝐺|2         (4) 

𝜌 = 𝛼𝐿𝜌𝐿 + 𝛼𝐺𝜌𝐺           (5) 

 

The methodology that suits better within the Euler-Euler approach is to utilize the momentum exchange 

coefficient depends on the local morphology. For that reason, Yegorov [11] proposed the Algebraic 

Interfacial Area Density (AIAD). It is used as it found given good result in simulating multiphase flow as it 

can be found in the following studies [12,13]. It has distinct feature than that of Volume-of-Fluid (VOF) 

model whereby each phase of fluid is distinguished in the AIAD. The drag is required at the phase boundary 

for the closure model of momentum exchange. It can be correlated with the slip velocity, surface area, 

density, and dimensionless drag coefficient (𝐶𝑑). The drag force is described as the density of volumetric 

force (𝐹𝐷) shown in Eq. (4) where 𝜌 is the density of continuous phase. The basic concept is explained as 

follows: 

- The interfacial area density (IAD) detects the morphological form and corresponds switching for 

each correlation from one object pair to another 

- Then it provides a law for IAD and the drag coefficient for full range of 0 ≤ ∝𝐿≤ 1 

- The IAD in the intermediate range is adjusted to the IAD for the free surface 

The interfacial area density (IAD) in the water regime is shown in Eq. (6), where 𝛼𝐿 is the volume fraction of 

water and 𝑑𝐿𝑑 is the water droplet diameter. The IAD for vapor droplets is formulated in the same manner. 

The IAD of the interface (𝐴𝐼) defined as the magnitude of the water volume fraction gradient is described in 

Eq. (7) with 𝑛 is the normal direction to the interface. The morphology-dependent interfacial area density (𝐴) 

is calculated as the sum of 𝐴𝐼, weighted by the blending function (𝑓𝑖) and is shown in Eq. (8). 

 

𝐴𝐿𝑑 =
6𝛼𝐿

𝑑𝐿𝑑
           (6) 

𝐴𝐼 = |∇𝛼𝐿| =
𝜕𝛼𝐿

𝜕𝑛
          (7) 

𝐴 = ∑ 𝑓𝑖𝐴𝑖𝑗            (8) 

 

Höhne et al. [13,14] assumed that the shear stress near the interface behaved like a wall shear stress on both 

interfaces to reduce the velocity differences of phases. The morphology region acts like a wall whereby a 

wall-like shear-stress is introduced at the interface. It then influences the liquid-liquid momentum transfer. 

Moreover, in Ref [15], Höhne et al. assumed that the drag force was equal to the wall shear stress acting at 

the interface, shown in Eq. 9. The modified drag coefficient depends on the viscosities of both phases, the 

wall-like shear stress, the mixture of density, and the slip velocity between the phase. Hence, the drag 

coefficient can be expressed in Eq. 10, where 𝑡𝐿 and 𝑡𝐺 are the fraction of the stress vector. 

𝐹𝐿 = 𝜏𝑖𝐴 = 𝐹𝐷            (9) 

𝐶𝐷,𝐼 =
(𝛼𝐿𝑡𝐿+𝛼𝐺𝑡𝐺)

𝜌|𝑈|2           (10) 

 

The AIAD model uses the following drag coefficients: 𝐶𝑑,𝑂𝐷 = 0.44 for vapor droplets and the same 

value in water droplets (𝐶𝑑,𝐿𝐷), and 𝐶𝑑,𝐼 for an interface according to the Eq. 10 [15]. According to the 

Wilcox [16], the 𝑘 − 𝜔 SST model was accounted to obtain better resolution which it then was applied to 

each phase in AIAD. The wall damping function of AIAD treatment was introduced on the vapor and water 
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interface. The higher velocity of lighter density tends to lead higher turbulence at the phase interface without 

any special treatment. Therefore, the AIAD model is proposed to overcome by calculating each phase 

separately. 

In order to detect the flow morphology, the exponential weighting functions over the phase flow are 

utilized. Different local morphology of, for instance: bubble flows, droplet formations, and separated flows, 

can be found next to each other. The AIAD uses a blending function related to the volume fraction, made it 

enable to switch between closure law for dispersed water and vapor droplets and the interfacial flow. 

Different equations for the interfacial area density and the drag coefficient can be applied according to the 

local morphology based on these blending functions, Eqs. (11) and (12). The blending coefficients for water 

and vapor droplets and accounted for 50 respectively, in this simulation. 

Furthermore, 𝛼𝐿𝑑,𝑙𝑖𝑚𝑖𝑡 and 𝛼𝐺𝑑,𝑙𝑖𝑚𝑖𝑡 are the critical volume fractions for the water and vapor droplets 

while in this study is adjusted to 0.7. Meanwhile, the blending function for the interface describes in Eq. 13. 

In simply, water and vapor droplets are assumed to be spherical with constant diameters.  

 

𝑓𝐿𝑑 =
1

[1+𝑒
𝑎𝐿𝑑(𝛼𝐿−𝛼𝐿𝑑,𝑙𝑖𝑚𝑖𝑡)

]

          (11) 

 

𝑓𝐺𝑑 =
1

[1+𝑒
𝑎𝐺𝑑(𝛼𝐺−𝛼𝐺𝑑,𝑙𝑖𝑚𝑖𝑡)

]

          (12) 

 

𝑓𝐼 = 1 − 𝑓𝐿𝑑 − 𝑓𝐺𝑑          (13) 

  

This work used the turbulent model of RANS k − ω SST. The transport equation of k and ω in this model 

are described in the following equations of Eqs. (14) and (15). The 𝐺k is the production of the turbulent 

kinetic energy, 𝐺ω is the generation of specific dissipation rate, 𝑌k is the dissipation of turbulent kinetic 

energy, and 𝑌ω is the dissipation of turbulent specific dissipation rate [17]. 
𝜕

𝜕𝑡
(𝜌k) +

𝜕

𝜕𝑥𝑖
(𝜌k𝑢𝑖) =

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎k
)

𝜕k

𝜕𝑥𝑗
] + 𝐺k − 𝑌k + 𝑆k      (14) 

𝜕

𝜕𝑡
(𝜌ω) +

𝜕

𝜕𝑥𝑖
(𝜌ω𝑢𝑖) =

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎ω
)

𝜕ω

𝜕𝑥𝑗
] + 𝐺ω − 𝑌ω + 𝑆ω + 𝐷ω    (15) 

 

2.2. Simulation Setup and Grid Independence Test 

 The geometry model consists inlet of 255mm in diameter while the pipe’s length is 8000mm to ensure 

the flow developed region (Fig. 2(a)). The modelling was constructed on 2D approach while structured-quad 

mesh was chosen at the entire region (Fig. 2(b)). 

.  

 
(a) 

  
(b) 

Figure 2. Geometry (a) and meshing with inflation (b) 
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The simulation was carried out using numerical approach and calculated in Fluent R1 2022. The density of 

water and vapor are 977 𝑘𝑔/𝑚3 and 3.17 𝑘𝑔/𝑚3 while the temperature was set to 433𝐾. By takes an 

account of the temperature’s effects, the viscosity of water was considered constant at 0.001 𝑘𝑔/𝑚𝑠 while 

Sutherland Law on viscosity correlation for vapor was selected with the three-coefficient-method. Moreover, 

the specific heat (𝐶𝑝) for vapor and water was selected using piecewise-polynomial correlation by using user-

defined-function (UDF). The initial of water and vapor viscosity were adjusted to 1.7𝑥10−4 𝑁𝑠/𝑚2 and 

2 𝑥10−5 𝑁𝑠/𝑚2. The vapor and water superficial velocity were ranged in between 3.9 − 6.6 𝑚/𝑠 and 

0.012 − 0.022 𝑚/𝑠. The velocity inlet boundary and pressure outlet were chosen for inlet and outlet section 

while the no-slip condition was selected at the pipe wall while the value of contact angle, 𝜃  = 90o. The 

surface tension between the fluids was 0.482 𝑁/𝑚 and the pressure operation condition was set to 6bar. The 

summary of modelling parameter is depicted in Table 1. The PRESTO! adopted the discrete continuity 

balance to compute pressure on staggered control volume [17] which it gave more accurate results since the 

error of interpolation was avoided by neglecting the pressure gradient assumption [17]. The SIMPLE was 

subsequently utilized since this algorithm has more skewness correction [17]. The viscous mode of k − ω-

SST was selected while turbulent damping was set to 100. The configuration on AIAD parameters were 

0.001m for droplet and bubble field diameter, 0.44 in drag coefficient, and blending coefficient of 50. The 

limitation of volume fraction was 0.3, and this was selected by considering the averaged volume fraction 

obtained from field data. 

 

Table 1. Summary of modelling parameter 

Parameter Setting 

Solver type Pressure-based 

Type of simulation approach Transient with first order implicit 

Gravity acceleration (𝑚/𝑠2) −9.81 in the 𝑦− axis 

Governing equations Eulerian, AIAD, Turbulent, Energy 

Momentum First-order upwind 

Pressure PRESTO! 

Convergence criteria Absolute 10−5 

Pressure-velocity coupling Phase-Coupled SIMPLE 

Spatial discretization of volume fraction Compressive 

Turbulent kinetic energy First-order upwind 

Energy First-order upwind 

Initialization method Hybrid initialization 

Time advancement Adaptive ranged between 0.005s to 0.1s 

 

𝑦+ =
𝑦𝑢𝜏

𝜐
           (16) 

 

A grid study was done by considering the three-mesh sizing. The coarse, medium, and fine mesh consisted of 

30k, 72k, and 152k mesh elements, respectively. The number of mesh and 𝑦+parameter in accordance with 

the ability to capture the boundary layer [17]. The 𝑦+ shows in Eq. 14 where 𝑦 describes the absolute 

distance from the wall,  𝜐 denotes the kinematic viscosity, and  𝑢𝜏  is the friction velocity [17]. In order to 

more accurately capture the phenomena at an adjacent wall and the interface, the smaller grid height was 

considered, therefore inflation mesh was considered (Fig. 2(b)). This is important since the interaction of 

water-vapor and pipe wall influencing the flow patterns. Therefore, the examination of the optimum 

simulation results of the grid size was conducted. The grid independence considers that the result remained 

the same when the grids were refined [12]. Since the work was on the 2D approach, the calculation time was 

not an obstacle; hence a refined grid was handled in the entire domain. The grid independence test result of 

pressure drop showed in Fig. 3 stated that medium mesh showed good agreement with the fine one while 

coarse mesh yielded highest discrepancy. Moreover, Table 2 described the value of pressure drop, 𝑦+, mass 

flow rate and enthalpy with respect to the grid size. It was described that the value on those variation was not 

significantly changed. However, some discrepancies found on Fine one. By considering the numerical time, 

Fine mesh was not suited because producing more duration than that of medium whereby the physical result 

between medium and fine was not significant. As it can be seen, in Fig. 4 the flow pattern of medium and 

fine mesh was also provided a relatively resemble result. Therefore, mesh on medium size was utilized in this 

study. 
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Table 2. Result of grid independent test 

Parameter Mesh size 

Coarse Medium Fine 

Pressure at 6m (𝑘𝑃𝑎) 25.84 25.84 24.85 

Pressure at 8m (𝑘𝑃𝑎) 25.84 25.84 25.85 

Pressure drop at outlet (𝑘𝑃𝑎/𝑚) 34.16 34.16 34.15 

    

𝑦+ liquid 32.6 21.7 18.4 

𝑦+ vapor 33.4 21.8 16.3 

    

�̇� liquid (𝑘𝑔/𝑠) 10.65 10.48 11.25 

�̇� vapor (𝑘𝑔/𝑠) 1.23 1.23 1.19 

    

ℎ̇ liquid (𝑘𝐽/𝑘𝑔/𝑠) 6068.3 5974.4 6398.5 

ℎ̇ vapor(𝑘𝐽/𝑘𝑔/𝑠) 314.67 314.8 304.8 

 

 

 

 
Figure 3. Pressure drop on the pipe outlet at specific time 

 

 
Figure 4. Representative simulation result of case 𝑢𝐿 = 0.012 𝑚/𝑠 and 𝑢𝐺 = 3.9 𝑚/𝑠 with respect to the 

variation of mesh 

 

2.3. Geothermal Flow Section and Pressure Drop 

The interaction between two-phase flow forms the complex physical phenomena which then produces 

different flow regimes. The flow regime distinguishes flow behavior according to their physical parameter. 

Many different methods have been proposed to recognize the flow patterns (flow regime) [18]. The Baker 
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map for horizontal multiphase flow was plotted using the correlation of 𝐺/̃λ and �̃�𝜓, whereby the �̃� and �̃� the 

mass fluxes of the vapor and liquid phase [19]. The λ and 𝜓 can be expressed in the Eqs. (17) and (18), 

hereby 𝜎𝑤𝑎𝑡𝑒𝑟 is the liquid’s surface tension. In this study, the input data was obtained from Ulubelu 

Geothermal (ULB) output test obtained from Mubarok, et al. [20]. The wavy and stratified flow became the 

case that was investigated in this study as the flow map is described in Fig. 5. 

 

λ = (
𝜌𝐺

𝜌𝑎𝑖𝑟

𝜌𝐿

𝜌𝑤𝑎𝑡𝑒𝑟
)

1/2

          (17) 

𝜓 = (
𝜎𝑤𝑎𝑡𝑒𝑟

𝜎
) [(

𝜇𝐿

𝜇𝑤𝑎𝑡𝑒𝑟
) (

𝜌𝑤𝑎𝑡𝑒𝑟

𝜌𝐿
)

2

]
1/3

         (18) 

 

 
 

Figure 5. Baker’s flow map [19] where red cross denotes the input data 

 

Predicting frictional pressure drop in multiphase flow was generally can be done by using a correlation based 

on statistical data. Harrison correlation [21] stated the correlation in predicting pressure drop from 

geothermal flow on 10cm pipe’s diameter. The seventh-power law was utilized to derive an equation for the 

void fraction Eq. (20). The average velocity for the equivalent single-phase flow is found on Eq. (21). The 

previous value is then can be used to find the friction factor and wall shear stress. The pressure gradient is 

calculated using Eq. (22) whereby 𝑑 is the diameter and 𝐴𝐶 is the acceleration correction given in Eq. (23). 𝑃 

is the pipe perimeter. However, this procedure is often cumbersome since the range of data is limited. 

Therefore, this study intends to predict the pressure drop by using numerical approach. 

 

1−𝛼

𝛼
7
8

= [
(1−𝑥)𝜌𝐺𝜇𝐿

𝑥𝜌𝐿𝜇𝐺
]

7

8
         (19) 

𝑉𝐿

𝑉
=

(1−√𝛼)
8
7(1+

8

7√𝛼)

1−𝛼
         (20) 

𝑑𝑝

𝑑𝑧
=

4𝜏𝑤𝑎𝑙𝑙

𝑑(1−𝐴𝐶)
          (21) 

𝐴𝐶 =
�̇�𝐺

𝜌𝐺𝑃𝐴2𝛼
          (22) 

 

 

3. RESULT AND DISCUSSION 

3.1. Flow Regime 

The characteristic of simulated case is described in Table 3. The simulation results were obtained by 

using calculation whereby the representative qualitative are presented in Fig. 6. As vapor was having higher 

velocity, Case 1 showed more thinner water fraction than Case 3. Moreover, this also revealed the occurrence 

of wavy flow because of vapor superficial velocity was more rapidly. These results were in accordance with 

the vapor velocity plot in Fig. 7. On the Case 1, vapor in interface region were considerably having higher 
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velocity due to its wave. Besides, in Case 3, the velocity was lower than that of Case 1 whereby the velocity 

was not as fluctuated as Case 1. Therefore, stratified flow formed. In addition, these phenomena were also 

described the turbulence kinetic energy as depicted in Fig. 8. It showed the contour of vapor turbulent kinetic 

energy whereas at the interface the value of turbulent kinetic energy was higher than its circumstances. The 

reason was due to the flow fluctuation and it was explained clearly that wavy flow influenced the generation 

of vortex which also in accordance with the value of turbulent kinetic energy [20]. Turbulent kinetic energy 

represented the intensity of turbulence in a flow and also identified the stability of the flow. In Case 3, 

turbulent kinetic energy was lower due to its smoothness on stratified flow. It showed the good agreement 

between the flow regime and turbulent kinetic energy. This result yielded that AIAD was able to accurately 

simulate the wavy and stratified flow by taking an account of thermal parameter. Therefore, it was 

considerably suited for geothermal application. 

 

Table 3. Simulation cases 

Case �̇� (𝑘𝑔/𝑠)  𝑢𝐺  (𝑚/𝑠)  𝑢𝐿 (𝑚/𝑠)  Vapor fraction Flow regime 

Case 1 17.03 6.66 0.021 39.60 Wavy flow 

Case 2 13.18 5.14 0.017 39.42 Wavy flow 

Case 3 9.97 3.89 0.013 39.49 Stratified flow 

 

 
Figure 6. Contour of vapor volume fraction for (a) Case 1 and (b) Case 2 

 

 
Figure 7. Contour of vapor velocity for (a) Case 1 and (b) Case 2 
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Figure 8. Contour of vapor turbulent kinetic energy for (a) Case 1 and (b) Case 2 

 

3.2. Pressure Drop 

 The pressure measured at the pipe’s outlet is described in Fig. 9. All cases showed the similar trend 

whereas the value of pressure drop can be calculated by comparing with the inlet pressure of 6bar. It yielded 

that the pressure drop value was 34.16 (𝑘𝑃𝑎/𝑚) for each case. Measured data obtained from field resulted 

47.91 which the discrepancy from CFD was 28.7%. It should be noted that this simulation was limited to 2D 

approach, therefore led to high error. However, it can be concluded that AIAD is having ability to predict the 

pressure drop on the geothermal flow. 

 

 
Figure 9. Pressure drop characteristics measured at the pipe outlet 

 

3. CONCLUSION 

In this paper, high temperature air-water pressure drop and flow regime were investigated numerically. 

The goals were to obtain pressure drop and flow regime characteristics, as a basic study of two-phase 

phenomena in geothermal power plant. Based on the results of this research, the following conclusions can be 

drawn: 

1) The simulation results showed a good agreement on predicting flow regime compared with the 

flow regimes that obtained experimentally by previous work whereby stratified and wavy flow 

were clearly observed. 

2) Pressure drop data obtained in this work compared to data obtained from field showed 

discrepancy of 28.7%, due to the 2D approach. 

3) AIAD is considerably suited for geothermal power plant application due to its ability to accurately 

simulate the wavy and stratified flow by taking an account of thermal parameter and also to 

predict the pressure drop on the geothermal flow.  
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