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AIR FRACTIONS IMPACT OVER PRESSURE DROP IN AIR-

WATER MIXTURE FLOW  

Corina BONCESCU1, Diana ROBESCU2 

The pressure drop in air-water mixture flow is one of the fundamental design 

parameters closely related to the performance of the two-phase flow systems. This 

article shows air impact on local and linear pressure drop, in air-water mixture flow 

through a pipe with the diameter of 0.036 m. The pipe includes a vertical to horizontal 

900 elbow bend, a horizontal to vertical 900 elbow bend and a diaphragm. 

Experimental research and mathematical modeling were carried out for three 

situations: water, air-water mixture with 0.04 air volume fraction and air-water 

mixture with 0.07 air volume fraction. 
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1. Introduction 

 In many practical engineering systems, two-phase flow is transported 

through horizontal and vertical channels, interconnected by various systems, or 

changing the pipe diameter, flow and direction, that significantly alter the pressure. 

A two-phase pressure drop is one of the fundamental design parameters closely 

related to the performance of the two-phase flow systems. Researches were 

conducted since the 80s [1] and they indicated that local pressure drop depends 

largely on the size and location of the jam. There were decreases in higher pressures, 

higher hurdles or obstacles located in the mix with greater impetus.  

 Over time several studies were developed on the matter. The latest 

researches regarding local pressure drop were made for two-phase mixture flow in 

pipes with diameters from 3 mm [2] to 50.3 mm [3] and elbows of 450, 900 [4] and 

1800 [5,6, 7]. 

 The studies of P.L. Spedding (2007) [4] focused on the pressure drop in a 

26 mm pipe diameter with 900 elbow bend. The pressure drop in the vertical intake 

pipe, followed by 900 elbow bend, showed significant differences compared to a 

vertical right pipe. This was the result of fluid pressure accumulation in the vertical 

segment of the pipeline. Seungjin Kim (2010) [3] investigated the effects of 
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geometrical structure consisting of a 900 elbow bend followed by a 450 elbow bend 

on pressure loss in horizontal flow in a 50.3 mm inner diameter tube. Experimental 

data has shown that the pressure drop is influenced by the distance between the two 

elbows and it grows with increasing flow rates of gas and liquid. P. M. de Oliveira 

(2013) [5] studied air-water mixture flow in a 26 mm diameter pipe with an 1800 

elbow bend. In the studied configuration, the elbow is in the upright position and 

the two-phase flow can be modified. The results have shown that flow direction 

influences pressure loss in the elbow, in particular in the upward flow, when the 

gravity plays an important role. 

 This article aims to evaluate the pressure drop in air-water mixture flow in 

a 36 mm diameter pipe. The pipe includes a vertical to horizontal 900 elbow bend, 

a horizontal to vertical 900 elbow bend and a 28 mm diameter diaphragm. 

Experimental research and mathematical modeling were carried out for air-water 

mixture flow with 0.04 air volume fraction and 0.07 air volume fraction, 

respectively for water flow. 

 

2. Experimental setup 

 

 The experimental setup consists of a transparent pipe with inner diameter 

0.036 m and length 10.22 m. In order to ensure the necessary water flow a pump 

with maximum flow rate 6 m3/h was used. The installation was filled with tap water 

through the upper valve and after the system was filled, the valve was closed and 

the pump was opened to recirculate water in the pipe. The measurements were made 

at water temperature of 15oC. In figure 1 is presented schematic of the experimental 

setup. The measurements were made in five segments: upward flow (1i-1o), vertical 

to horizontal 900 elbow bend (2i-2o), diaphragm (3i-3o),horizontal to vertical 900 

elbow bend (4i-4o) and downward flow (5i-5o). Pipe segments can be observed in 

Figs. 1 2, 3, and 4. The pressure drop was determined with liquid differential 

pressure gauge like in figure 5.  
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Fig. 1. Schematic of the experimental setup 

 

 

 
Fig. 2. Vertical to horizontal 900 elbow bend  

Fig.re 3. Diaphragm 
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Fig. 4 Horizontal to vertical 900 elbow bend 

 
Fig. 5. Liquid differential pressure gauge  

for pressure measurements 

  

The regime flow was determinate by calculating the Reynolds number, 

using the relations (1), (2) and (3). In the literature [8] critical value of the Reynolds 

number is 2300. If the Reynolds number is less than 2300 is laminar flow regime 

and if it is bigger than 2300 is turbulent flow regime. In these researches, for pump 

maximum flow rate, 6 m3/h, was calculate value of water velocity 1.63 m/s and 

value of Re number 5084. For pump minimum flow rate, 2.5 m3/h, was calculate 

value of water velocity 0.7 m/s and value of Re number 21724. According to the 

results, turbulent flow regime was obtained. 

 

𝑄 = 3600 ∗ 𝜇 ∗
𝜋∗𝑑2

4
∗ √2 ∗ 𝑔 ∗ ∆ℎ                               (1) 

𝑣 =
4∗𝑄

𝜋∗𝐷2                                                       (2) 

𝑅𝑒 =
𝑣∗𝐷

𝜗
                                                      (3) 

 

where, Q [m3/h] - flow rate, μ=0.4 aperture flow coefficient (experimentally 

determined), d [m] - diaphragm diameter, g=9.81 [m/s2] - gravitational 

acceleration, Δh [mH2O] - level difference determined using differential pressure 

gauge with liquid, v [m/s] - velocity, Re - Reynolds number, D [m] - pipe diameter, 

υ=1.16*10-6 [m2/s] - kinematic viscosity of water at 15oC. 

 

3. Mathematical model 

 

 Mathematical modelling and simulation of multiphase fluid dynamics is an 

important factor for obtaining the best solution for practical problems. In air-water 

mixture flow computational fluid dynamics was used in many analysis, such as 

describing the behavior of air-water mixture flow in pipe bends [9], in horizontal 

pipes [10] and simulate bubble rising in water column [11]. In this paper CFD was 

used to identify air fraction impact on pressure drop in air-water mixture flow in 

vertical pipe and 900 below bends. 
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 Mathematical modelling and simulations were conducted in Fluent 

software. Gambit was used for elaborating the simulation domain and the 0.01 step 

mesh (figure 11, 12, 13). For the simulation study the following hypothesis were 

considered: no outside source, no mass exchange between the two phases, three 

directional flow in the turbulent regime, unsteady state regime, the movement is 

achieved due to pumping pressure, the air volume fraction in the mixture is known, 

static pressure was null in relation to reference pressure. 

 Considering the simulation steps presented by Robescu (2009) [12] and the 

hypotheses above VOF and k-ε models were used [13]. The convergence criterion 

was chosen as residual values below 10-3. The residuals were obtained by solving 

the equations which govern this phenomenon: fraction volume equation, 

conservation of mass and momentum equations (Navier-Stokes).  

 Boundary conditions were set for the entrance area (pressure inlet), outlets 

(pressure outlet) and walls. The initial total pressure in the inlet is of 149 kPa and 

the reference pressure is of 101.325 kPa. The pressure drop was determinate as the 

pressure difference between two points in the considered segments in the 

experimental setup. For evaluating the pressure values during mathematical 

modelling, equations 4-6 were used. 

 

𝑝𝑚 = 𝑝𝑠,𝑚 +
1

2
𝜌𝑚|𝑣𝑚⃗⃗⃗⃗  ⃗|

2                                                  (4) 

𝑣 𝑚 =
𝛼𝑙𝜌𝑙𝑣⃗ 𝑙+𝛼𝑔𝜌𝑔𝑣⃗ 𝑔

𝜌𝑚
                                                   (5) 

𝜌𝑚 = 𝛼𝑙𝜌𝑙 + 𝛼𝑔𝜌𝑔                                                  (6) 

 

where, 𝑝𝑚 [kPa] - pressure of mixture flow, 𝛼𝑙, 𝛼𝑔 - volume fraction of water and 

air, respectively 𝛼𝑙 + 𝛼𝑔 = 1, 𝑝𝑠,𝑚 [kPa] - static pressure of the mixture, 𝜌𝑚 

[kg/m3] – density of mixture, 𝜌𝑙, 𝜌𝑔 [kg/m3] - density of water and air, 

respectively, 𝑣 𝑚 [m/s] – vector velocity of mixture, 𝑣 𝑙, 𝑣 𝑔 [m/s] – vector velocity 

of water and air, respectively, g=9.81 [m/s2] - gravitational acceleration. 

 

   

Fig. 6. Mesh of horizontal to 

vertical 900 elbow bend  Fig. 7. Mesh of diaphragm 

Fig. 8. Mesh of vertical to 

horizontal 900 elbow bend 
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4. Results and discussions 

 

 Laboratory experimental researches represented the first step, where the 

pressure drop for five water flow rates ranging between 2.5 m3/h and 6 m3/h were 

determined in turbulent regime. Pressure measurements (Δp) were made in five 

segments: upward flow (segment 1 of the pipe), vertical to horizontal 900 elbow 

bend (segment 2 of the pipe), diaphragm (segment 3 of the pipe), horizontal to 

vertical 900 elbow bend (segment 4 of the pipe), and downward flow (segment 5 of 

the pipe) (fig. 9, 10 and 14). 

 The experimental results had shown the direct proportionality between the 

pressure drop and flow rate, as it is well-known. As can be seen in figure 9, the 

pressure drop in the upward flow pipe segment is comparable with the one in the 

downward flow pipe segment. At the same time, having the 900 elbow bend 

changing the flow direction from vertical to horizontal or the other way didn’t have 

a significant impact on the pressure drop. On the other hand, it resulted that local 

pressure drop in the 900 elbow bends was higher than linear pressure drop. 

 

 
Figure 9. Pressure drop in all five segments for five water flow rate, between 2.5-6 m3/h, in 

turbulent regime  

 

 The second step consisted in mathematical modelling and simulation. The 

water flow rate was considered 6 m3/h. The simulation results, compared to the 

experimental ones, can be seen in figure 10. The simulation results was similar to 

the experimental ones and it led to the conclusion that the model and hypothesis 

were valid. 
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Fig. 10. Comparison between experimental and modelling results, all five segments, for water flow 

rate 6 m3/h in  

 

 The validated mathematical model was used in simulating two air-water 

mixture flows: 0.04 air fraction volume and 0.07, respectively. The aim was to 

determine air to pressure drop impact in five points. Figures 11-13 show pressure 

distribution in cross sections of the pipe, upstream and downstream of the three 

segments (vertical to horizontal 900 elbow bend, diaphragm, horizontal to vertical 

900 elbow bend) for evaluating local pressure drop. Three situations are compared: 

water flow (a), mixture flow with 0.04 air fraction volume (b) and mixture flow 

with 0.07 air fraction volume (c). 

 

 
Fig. 11. Total pressure distribution on the cross sections in the upstream and downstream of the 

vertical to horizontal 900 elbow bend for water flow (a), mixture flow with 0.04 air fraction 

volume (b) and mixture flow with 0.07 air fraction volume (c) at a  6 m3/h flow rate  
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Fig. 12. Total pressure distribution on the cross sections in the upstream and downstream of the 

diaphragm for water flow (a), mixture flow with 0.04 air fraction volume (b) and mixture flow 

with 0.07 air fraction volume (c) at a  6 m3/h flow rate 

 

 
Fig. 13. Total pressure distribution on the cross sections in the upstream and downstream of the 

horizontal to vertical 900 elbow bend for water flow (a), mixture flow with 0.04 air fraction 

volume (b) and mixture flow with 0.07 air fraction volume (c) at a  6 m3/h flow rate  

 

 Mathematical modelling and simulation study revealed the fact that air 

presence causes an increase in pressure drop. The results, presented in figure 14, 

show that in the upward flow pipe segment, the pressure drop was reduced when 

compared to the one in the downward flow segment. Due to the density difference 

between air and water in the studied mixture air tends to float. This leads to a 
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difference between gravitational and buoyancy forces, named friction force. In the 

downward flow pipe segment, the friction force was higher than in upward one and 

this has a significant impact on the pressure drop. 

 

 
Fig. 14. Pressure drop in all five segments for water flow (a), mixture flow with 0.04 air fraction 

volume (b), mixture flow with 0.07 air fraction volume (c), for a flow rate of 6 m3/h 

 

 In air-water mixture flow the direction change in 900 elbows was important. 

In the case of vertical to horizontal 900 elbow bend, the pressure drop was double 

of the one in horizontal to vertical 900 elbow bend. Also, it was observed a 

significant increase in pressure drop in the diaphragm.  

5. Conclusions 

 This paper presents the results obtained for evaluating air contents in air-

water mixture flow impact on local and linear pressure drop values. Experimental 

researches were carried out for turbulent water flow regime and rate between 2.5-6 

m3/h. Mathematical modelling and simulations were elaborated for water flow and 

air-water mixture flow with air volume fractions of 0.04 and 0.07, respectively, only 

for flow rate of 6 m3/h. Measurements were made in five segments: upward flow, 

vertical to horizontal 900 elbow bend, diaphragm, horizontal to vertical 900 elbow 

bend and downward flow. 

The experimental results have shown the direct proportionality between the 

pressure drop and flow rate. At the same time, having the 900 elbow bend changing 

the flow direction from vertical to horizontal or the other way didn’t have a 

significant impact on the pressure drop in the case of water, things resulting 

different in the case of mixtures. The simulations also led to the conclusion that in 

downward flow pipe segment the friction force between air and water was bigger 

than in the upward flow one and this determined pressure drop increment. The 

highest pressure drop was obtained in the diaphragm.  
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The research will continue with mathematical modelling and simulations for 

values of air volume fraction and flow rate bigger than 0.07 and 6 m3/h, 

respectively. In the same time, it will be study the impact of distance between two 

900 elbow bend over pressure drop in air-water mixture flow. 
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