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Abstract:  

The current work presents an experimental demonstration of the impact of two-phase 

flow mixture (water and air) temperature on the pressure across the bend's upstream and 

downstream sides as well as the bend itself, as it is crucial for understanding and optimizing 

industrial processes. The test section in this study comprises a horizontal section, a vertical 

section, and a bend section, all made of PVC-U material with an inner diameter of 68 mm. The 

bend section has a curvature radius to diameter ratio (R/D) of 8. Pressure was monitored using 

six sensors over the test length for a range of water flow rates 18 to 42    ⁄  and air flow rates 4 

to 18    ⁄  at various mixture temperatures. The obtained experimental pressure drop results 

were also compared to already previously published models to evaluate their performance in 

predicting pressure drop in conditions with heat transfer but no boiling. Based on the 

experimental result, the pressure across the test section increases with increasing temperature in a 

situation in which mixture viscosity is not dominated by liquid viscosity due to its high volume 

flow rate. Also, the pressure drop across the bend is higher at a lower air flow rate compared to a 

higher air flow rate at the same water flow rate and mixture temperature at room temperature, but 

as the mixture temperature increases, the pressure drop at a high air flow rate will be higher 

compared to a low air flow rate. 

Keywords: Pressure drop, Two-phase flow, 90-degree elbow, Effect of Temperature 
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1. Introduction:  

The term "two-phase flow" refers to the interaction flow of two different phases in a 

channel, each representing a mass or volume of matter. Solid, gaseous, and liquid phases can all 

be found in the two phases. Since it is faced in many manufacturing applications, multiphase 

flow has become a key concern. The flow observed in the upstream petroleum industry is an 

excellent example of these processes. Beside its occurrence in nature, the two-phase flow has 

been studied by various researchers in order to enhance engineering applications such as heat 

exchangers [1], various heat radiators  for electronic equipment [2],  and two-phase solar heater 

[3]. Since two-phase flow offers a higher heat transfer capability and a more uniform 

temperature over the heat transfer surface than single-phase flow, it is one of the most promising 

cooling methods  [4]. In industry, two-phase systems are common, but single-component 

systems are more common. The fundamental difference between two-phase single-component 

and two-phase two-component systems is that, when boiling is usually the main mechanism in 

the first, this is not the situation in the second. The two-phase two-component system is 

appealing because it can imitate the scenario of a two-phase single-component system while 

allowing for independent control of the gas-phase rate and attributes, which could be used further 

to enhance heat transfer in equipment [5]. 

 There have been numerous studies on two-flow investigating the effect of various 

shapes, orientations of the geometry, and flow rates on two-phase flow pressure drop since the 

assessment of pressure drop in the system is one of the most common criteria for the design and 

sizing of industrial processes and equipment [6-8]. Industrial flow applications frequently 
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  involve curved ducts with bends, such as U-type heat exchangers, steam boilers, transport 

pipelines, etc. For engineering design purposes, it is required to evaluate the pressure loss in fluid 

dynamic subcritical single-phase as well as two-phase flow. Authors in [7] experimentally 

studied the effect of superficial velocities of air and water on frictional pressure in straight pipes 

at different orientations and stated that as superficial velocities of air and water increased, the 

pressure drop increased. The authors [9] conducted a study on the behavior of air-water two-

phase flows in PVC elbows with different diameters and curvature radius to diameter ratios using 

computational, experimental, and empirical methods. The study focused on the impact of 

significant parameters such as mass quality, mass flux, and curvature radius on the flow 

behavior. The results showed a substantial loss in energy and pressure as the fluid exits the 

elbow section, and a higher drop in pressure was observed at higher air velocity. Therefore, the 

study highlights the importance of understanding the behavior of two-phase flows in bends for 

designing efficient piping systems. Authors in [10] investigated the frictional pressure drop of 

air-water flow in wavy pipes with various diameters, curvature radii, and spacer lengths. The 

experimental results reveal that as the curvature ratio decreases, the two-phase pressure drop 

rises. Besides studying the factors that affect the pressure drop, researchers also studied the flow 

pattern, which is also one of the factors that influence the pressure drop [11-14]. 

 Flow pattern maps, which are commonly depicted as two-dimensional graphs with 

multiple inside boundaries, are used to anticipate flow regimes and are usually based on a variety 

of data from experiment [15]. The authors [16]investigated the pressure drop and flow patterns 

of oil-water flows in a U-bend pipe. The results indicated that while the bend had limited 

influence on downstream flow patterns, it did cause a shift in flow pattern transition and bubble 

characteristics in the redeveloping flow section after the bend. The pressure gradient increased 

with both oil fraction and water superficial velocity, with a sharp change in pressure gradient 

profile during phase inversion. Pressure losses were strongly linked to the superficial velocity of 

the phases and the flow pattern, with higher pressure losses at the redeveloping section after the 

bend at high mixture velocities and at the bend in the straight sections at low mixture velocities. 

However, pressure drop generally decreased with the level of flow development downstream of 

the bend. These findings emphasize the importance of understanding the impact of flow pattern 

on pressure drop in designing and optimizing pipelines and other fluid transport system.Many 

researchers have related or described their heat transfer data in terms of different flow regimes, 

indicating that they have an effect on heat transfer in addition to pressure flow pattern [17].  

Studying the pressure drop across the bend is more complicated than studying the 

pressure in a cross-strait pipe. Since the bends are curved in nature, the fluids entering the bend 

create centrifugal and viscous forces [18]. Also, the flow patterns developed are more complex 

than those of straight pipes since fluid motion in a bend is not parallel to the curved axis of the 

bend. As fluid flows through a curved pipe, the centrifugal force that acts at right angles to the 

main flow causes the denser phase (i.e., liquid) to move away from the center of curvature while 

the less dense face (i.e., air) flows toward the center of curvature [19]. Researchers found that 

when a two-phase flow passes over a bend, there is considerable vibration as a result of the two-

phase flow's instability in terms of density, pressure, velocity, and momentum [20]. 
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   According to the researchers [21, 22], a two-phase flow could be used to enhance heat 

transfer, which could be used to enhance the performance of heat exchangers and solar 

collectors, which also contain bends. However, most available two-phase flow studies are 

focused on improving heat transfer, with few researchers focusing on the effect of two-phase 

flow temperature on the pressure drop, particularly across bends There is also research available 

on the pressure drops of two-phase flow that is either adiabatic or boiling, in which the 

temperature does not change. Since two-phase flow (water-air) is used to improve heat transfer, 

it includes a temperature gradient in two-phase flow that affects pressure drop, but there isn't 

enough research on the effect of temperature on pressure drop of two-phase flow in bends, which 

are widely used in many engineering applications. Therefore, this study aim is to evaluate 

experimentally the impact of the temperature gradient on the two-phase flow pressure drop in 90-

degree elbows. 

2. Experimental setup and tools: 

Horizontal and vertical straight pipes with 90-degree bends were used experiment, in 

which they were composed of PVC-U material with an inner diameter of 68 mm and a bend with 

a curvature radius to diameter ratio (R/D) of 8, as shown in Fig (1). Water was stored in a tank 

with a volume of 0.53   , and its temperature was regulated by two heaters, each of which was 

rated at 6 kW, driven by a PLC (programmable logic controller), with the help of temperature 

sensors inside the tank. The two-phase flow was made by mixing the water and the air in the 

mixer to accommodate the formation of a two-phase flow in the horizontal pipe. Water entered 

the mixer perpendicularly to its axis, and the air entered the mixer parallel to its axis through a 

pipe with drilled holes each 0.3 mm in diameter. The air-water mixture left the mixer from the 

opposite side of the air entrance. The schematic diagram of the air-water mixer can be seen in 

Fig (2). Water was supplied by a water pump with a flow rate range of 18 to 42    ⁄ ; the air 

was supplied by an air compressor, and the flow rate was regulated to get the required flow rate 

up to 24    ⁄ . The water and the airflow rate were measured using a rotameter ranging between 

6 to 42    ⁄  for water with accuracy of ±2% and 4-40    ⁄  for the air with accuracy of ±3%. 

Six pressure transmitters are used to measure the pressure across the two bends and straight 

(horizontal and vertical) sections of the pipe. The distance between each pressure sensor in the 

straight (horizontal and vertical) sections is one meter apart. For the two bends, one pressure 

transmitter is installed at the inlet and another at the outlet for each bend. The pressure 

transmitter used in this experiment is the Trafag (ECT4.0A) type, which can measure pressure 

between ranges of 0-4 bars with an accuracy of 0.5%FS (±0.02 bar) at 25 ℃ and can withstand 

medium temperatures up to 125 ℃. The location of each transmitter and their spacing can be 

seen in Fig (3). The temperature sensors that were used in this experiment to measure the 

temperature of the water and mixture inside the tank and pipe were made of two different types. 

The temperature sensor (DS18B20) was used inside the tank due to its high accuracy (1%), and a 

K-Type Thermocouple with a MAX6675 Amplifier was used to measure the temperature inside 

the pipe due to its higher sampling rate compared to the DS18B20 because the mixture inside the 

pipe flows and K-Type Thermocouple with a MAX6675 Amplifier has accuracy of ±3%. 
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  The experimental producer for taking data is as follows: 

1- The tank was filled with pure water and heated to the needed temperature (25 ℃ up to 70 ℃) 

by using two heater roads, with their duty cycle (on, off) controlled by a PLC and feedback 

from a temperature sensor. 

2- The motor and the compressor were turned on at the same time, water flowed inside the pipe 

while the air did not. It is stored in the tank compressor. The flow rate of water inside the pipe 

is adjusted to the desired flow by reading the rotameter and varying the voltage across the 

motor of the pump. Once water flow is steady, the valve for controlling the air flow rate is 

opened, and the desired air flow rate is set by reading the rotameter. The recording of data is 

started after stabilizing both flow rates at the required volume flow rate.  

3- A computer application called ATmegacontroller retrieves pressure and temperature values 

from the PLC for a period of 30 seconds and plots them in an Excel sheet to initiate data 

collection. The air and water flow rates are then adjusted while keeping the water temperature 

constant. 

 

   Fig.1: Diagram of the test section and the apparatus 
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  Fig.2: Schematic diagram of the air-water mixer 

 

Fig.3: The location of each transmitter and their spacing 

3. Two-Phase Flow Pressure Drop Prediction Model: 

Total pressure drop for two-phase flow in pipes consists of frictional, momentum, and 

gravitational components, where fractional pressure drop is due to friction at the pipe wall and 

liquid-gas interface and gravitational pressure drop is the pressure gradient due to gravity as a 

result of pipe elevation. The pressure difference caused by the expansion or contraction of the 

gas phase as the mixture of the two phases moves through the test section is called the 

acceleration pressure drops [7].The gravitational and acceleration pressure drops could be 

calculated as follows, respectively:  

                                                                                                                               (1) 

Where the mixture density (  ) can be calculated by: 

 

                                                                  (   )                                                      (2) 
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  Using the equations in Table 1, the void fraction for the horizontal and vertical sections could be 

calculated. 

                                         
  
 

  
((

(   ) 

  (   )
 

( ) 

  ( )
*
 

 (
(   ) 

  (   )
 

( ) 

  ( )
*
 

)                          (3) 

Prior research ignored the acceleration pressure drop for non-boiling two-phase flows in 

straight pipes, such as air-water two-phase flows, because it contributed so little to the overall 

pressure gradient; however, for two-phase flow in bends, the pressure loss is increased due to 

dissipation caused by momentum exchange between the phases and separation and remixing of 

the gas and liquid phases [7, 23]. The pressure gradient due to friction in two-phase flows is the 

most complex and difficult one to predict due to its dependency on pipe inclination, flow regime, 

and pipe roughness. The two most widely used methods for predicting frictional pressure drops 

are the homogenous model and the separated model. The homogeneous technique has a slip ratio 

of 1, meaning that the phases move at the same speed. As a result, the homogeneous model is 

sometimes referred to as the zero slip model. A two-phase flow is viewed by the homogeneous 

model as a single-phase flow with average fluid parameters that rely on mass quality. By 

supposing a constant friction coefficient between the pipe's intake and outlet sections, it is 

possible to determine the frictional pressure drop. The separated flow model accounts for the 

velocity difference between the gas and liquid phases in calculating the two-phase frictional 

pressure drop. Thus, the separated model is often referred to as the slip flow model. The 

separated model was built on the conventional work of Martinelli and Nelson and Lockhart and 

Martinelli [24]. The Lockhart-Martinelli method is one of the simplest methods for calculating 

two-phase frictional pressure drop and hold-up. One of the key advantages of the Lockhart-

Martinelli technique is that it may be used with any flow pattern. This flexibility must be given 

up, though, for comparatively low precision. In a separate modeling technique, there are four 

ways to define the two-phase frictional pressure gradient in terms of the two-phase multiplier 

that takes into consideration the frictional pressure gradient of single-phase flows [7, 24].  

                                                                    
                                                             (4) 

                                                                    
                                                             (5) 

                                                                     
                                                           (6) 

                                                                                       
                                                            (7)                                                                 

The subscripts L and g are used for frictional pressure drop when the single-phase liquid 

or gas is flowing at a mass flux of     (  (   )) and     (  ( )), but    and    are used 

when the single-phase liquid or gas flow rate is assumed to be equivalent to the two-phase flow 

mixture mass flux   . In this study, for the horizontal section, only the friction pressure drop is 

taken into account; however, for the vertical section, both the friction pressure drop and the 

change in static head are taken into account. The used models for predicting pressure drop across 

the straight pipe are tabulated in Table 2. Also, for the bend, there are three models used to 

predict pressure drops, which are tabulated in Table 3. The suggested models in Tables 2 and 3 
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  are based on the two-phase flow property, which depends on temperature and pressure in some 

cases. However, heat transfer is not considered in these models because they were created for 

adiabatic or phase-change processes, in which the temperature does not change. In this study, the 

properties of air and water are evaluated at a temperature that is determined under the 

assumption of no heat loss to the environment. All heat lost by the liquid is gained by the air, and 

both fluids uniformly attain the same temperature. This assumption can be made due to the use 

of PVC-U material for the pipe, which has low thermal conductivity (0.14 W/m.K) at room 

temperature and is therefore a poor conductor of heat. Additionally, the minimum heat capacity 

rate affects the maximum heat transfer rate. The temperature was calculated using the equations 

given below, which are based on [25]. 

 

                                                             (       )                                                         (8) 

                                                                                                                                                (9)   

                                                                                                                                                (10) 

                                                                                                                                      (11)                                

                                                                  
    

  
                                                                     (12) 

                                                                                
    

  
                                                                     (13)                                                                                                                                

4. Results and Discussion 

4.1. Effect of temperature on pressure in the two-phase flow: 
The plots in Fig (4) depict the pressure of the two-phase flow as a function of time for six 

pressure transmitters at various test section locations, with a constant volume flow rate of water 

(36    ⁄ ) and air (12    ⁄ ) for a duration of about 30 s. Each plot corresponds to a different 

temperature. Based on Fig (4), it is observed that the pressure at each point of the sensor location 

fluctuates with time but increases with increasing temperature, and the same phenomena was 

also observed by [26]. The average pressure reading over 30 seconds for each of the six pressure 

transducers is plotted against temperature in Fig 5 and 6 for two different water flow rates of 

36    ⁄  and 24    ⁄ , respectively, to further demonstrate how temperature influences 

pressure. This demonstrates that the pressure increases as the temperature increases, with the 

exception of the low air flow rate at the high water flow rate, where the pressure actually 

decreases as the temperature increases due to a decrease in the mixture's viscosity, which is 

influenced by water's viscosity due to its high volume flow rate relative to air's flow rate. As 

reported by researcher [27] in his paper, the experiment revealed that the two-phase flow 

pressure gradient is highly dependent on liquid viscosity, with higher viscosity resulting in an 

increase in the pressure gradient. Fig (7) presents two plots of the pressures obtained from six 

pressure sensors as a function of temperature for the scenario where only water flows inside the 

pipe. The plots demonstrate that as the temperature increases, the pressure decreases due to the 
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  viscosity at both flow rates. However, when air is mixed with the water, the low water flow 

rate`s viscosity does not have as much of an impact on the mixture`s viscosity as it does with the 

high water volume flow rate.  

 

Fig.4A.   Instantaneous pressure at Mixture temperature (30 ℃) for flow rate of Water  

(36    ⁄  ) And air (12    ⁄ ) 

 

Fig.4B.   Instantaneous pressure at Mixture temperature (70 ℃) for flow rate of Water  

(36    ⁄  ) And air (12    ⁄ ) 
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Fig.5A. Instantaneous pressure as function of temperature at air flow (4   ⁄ ) rate for 

(36   ⁄ ) Water flow rate 

 

 

Fig.5B. Instantaneous pressure as function of temperature at air flow (12   ⁄ ) rate for 

(36   ⁄ ) Water flow rate 
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Fig.5C. Instantaneous pressure as function of temperature at air flow (18   ⁄ ) rate for 

(36   ⁄ ) Water flow rate 

 

Fig.6A. Instantaneous pressure as function of temperature at air flow rate (4    ⁄ )  

for (24    ⁄  ) Water flow rate 
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Fig.6B. Instantaneous pressure as function of temperature at air flow rate (12    ⁄ )  

for (24    ⁄  ) Water flow rate 

 

Fig.6C. Instantaneous pressure as function of temperature at air flow rate (18    ⁄ )  

for (24    ⁄  ) Water flow rate 
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Fig.7A. Instantaneous pressure as function of temperature for water flow rate (36    ⁄ )  

 

Fig.7B. Instantaneous pressure as function of temperature for water flow rate (24    ⁄ )  
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  4.2 Effect of temperature on pressure drop across the bend: 

The pressure data collected from six test points is converted into differences that relate to 

different parts of the pipe: (p1-p2) for the horizontal segment, (p2-p3) for the first bend, (p3-p4 

and p4-p5) for the vertical segment, and (p5-p6) for the second bend. This research primarily 

examined the pressure drop of the first bend, which is horizontal to vertical, due to the impact of 

the first bend on the second bend, which is vertical to horizontal. The second bend data was 

collected but will not be discussed in this work. This effect was also indicated by a researcher 

[28], who found that the impact of the elbow increases as it moves further downstream from the 

elbow. Four plots are shown in Figure 8, each representing a different water flow rate and each 

depicting the pressure drop around the bend for varied air flow with temperature. The pressure 

drop over the bend at room temperature is greater for low air flow rates compared to high air 

flow rates, according to the graphs in Figure 8 based on experimental results. High water flow 

rates cause bubble formation, which in turn causes high pressure drops at low air flow rates. 

According to [29] research, when high water flow rates and low air flow rates cross the bend, the 

bend acts as a droplet generator. However, at high air flow rates, the denser phase—that is, the 

liquid—moves away from the centre of curvature due to the centrifugal force produced by the 

curvature, while the air flows in the opposite direction, and this type of phase separation is likely 

to result in a lower pressure drop [19]. The authors in [30] claim that the viscosity of the fluid 

along the pipe wall causes it to travel more slowly than the fluid in the middle, necessitating a 

smaller pressure gradient to make up for the diminished centrifugal force. As the temperature of 

water rises, the pressure drop across the bend increases due to heat transfer between air and 

water, which causes the kinetic energy of the air molecules to increase and leads to higher air 

velocities and a greater void fraction. This is consistent with the findings of researchers[31], who 

found that an increase in superficial gas velocity leads to a higher void fraction, and the 

observations made by researchers [32] that at higher values of superficial gas velocity and void 

fraction, the frictional pressure drop becomes more sensitive to these parameters. At the higher 

liquid superficial velocity, the pressure drop is also less sensitive to changes in void fraction 

compared to the lower liquid superficial velocity. According to the plots in Figure 8, for low air 

flow rates, high water flow rates (30 and 36    ⁄ ) cause a lower pressure drop as the mixture's 

temperature rises, but low water flow rates (18    ⁄ ) cause a bigger pressure drop as the 

mixture's temperature rises. The lower pressure drop at a high water flow rate and low air flow 

rate as temperature increases is due to a reduction in the mixture's viscosity, which is affected by 

water's viscosity because of its large volume flow rate in comparison to air's flow rate. The effect 

of mixture viscosity also starts to take effect at a certain water flow rate (24    ⁄ ). 
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Fig.8A. pressure drop across the bend for a water flow rate of (18    )⁄   and various air 

flow rates at different temperatures. 

 

Fig.8B. pressure drop across the bend for a water flow rate of (24    )⁄   and various air 

flow rates at different temperatures. 
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Fig.8C. pressure drop across the bend for a water flow rate of (30    )⁄   and various air 

flow rates at different temperatures. 

 

Fig.8D. pressure drop across the bend for a water flow rate of (36    )⁄   and various air 

flow rates at different temperatures. 
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  4.2 Compression between the pressure-predicting model and excremental data: 

To compare the experimental and prediction model data in Tables 2 and 3, they were plotted 

separately for each region of the test section, as shown in Figures 9, 10, and 11, for bend, 

straight, and vertical, respectively. Based on Fig 9, it appears that the Chisolm B equation 

showed good agreement with the experimental result at a lower water flow rate and lower 

temptresses of the mixture, but for a higher water flow rate, the Aziz module showed good 

agreement with the experiment result at a lower temperature. For higher mixture temperatures 

and water flows, only the Chisolm B equation showed reasonable agreement. For the horizontal 

section of the pipe, the al model showed good agreement at low temperatures, but as the 

temperature increased, the difference between the experimental and prediction models increased. 

None of the models could accurately predict pressure in the vertical section of the pipe, as shown 

in Fig 11. The use of a correlation beyond the range of fluid parameters, test conditions, or pipe 

diameter from which the correlation was acquired is the primary cause of the discrepancy 

between the pressure perdition model and experiment data. 

 

Fig.9A. Compression between the pressure-predicting model and experimental data across 

the bend for water (30    ⁄ ) and air (12    ⁄ ) 
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Fig.9B. Compression between the pressure-predicting model and experimental data across 

the bend for water (36    ⁄ ) and air (12    ⁄ ) 

 

Fig. 10A.  Compression between the pressure-predicting model and experimental data 

across the Horizontal section for water (30    ⁄ ) and air (12    ⁄ ) 
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Fig. 10B.  Compression between the pressure-predicting model and experimental data 

across the Horizontal section for water (36    ⁄ ) and air (12    ⁄ ) 

 

Fig. 11A.  Compression between the pressure-predicting model and experimental data 

across the vertical section for water (30    ⁄ ) and air (12    ⁄ ) 
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Fig. 11A.  Compression between the pressure-predicting model and experimental data 

across the vertical section for water (36    ⁄ ) and air (12    ⁄ ) 

5 Conclusions: 

1-The results of the experiments showed that along the horizontal, vertical, and bending parts of 

the test section, the pressure went up as the temperature of the two-phase flow mixture went 

up. This was not the case for low airflow and high water flow, where the pressure went down 

because the viscosity of the mixture went down, which was caused by the high volume flow 

rate of the liquid. 

2-Increasing the air volume flow rate at a lower temperature and maintaining the same water 

volume flow rate reduced the pressure drop around the bend. However, as the temperature 

rises, the pressure drop across the bend increases at the same water flow rate. The increased 

kinetic energy of air molecules as temperature rises causes the high-pressure drop. 

3-At low air flow rates and lower temperatures, the formation of bubbles results in a high-

pressure drop over the bend; but as the temperature increases, it leads to a greater pressure 

drop when the water level is low. However, as the water flow rose at the same airflow, it 

resulted in a smaller pressure drop.  

4- For the bend and horizontal section, the pressure prediction model showed fair agreement 

with experimental data at low temperatures, but as the temperature rose, it did not, and for the 

vertical section, none of the pressure prediction approaches could accurately predict the 

pressure drop as a result of the "not in counting bend effect". 
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  Appendix A:  

Table 1: Void fraction equations 

Author or 

methods 

All required equations 
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على انخفاض الضغط فى الانبوب المنحني )الهواء والماء( تأثير التدرج الحرارى لجريان مائعين    

 لاوان عبدالله فاضل

أربيل –قدم ىشجسة السيكانيكية والسيكاتخونكذ، كلية اليشجسة، جامعة صلاح الجين   
lawanabdullahfadhillahmad@gmail.com      

 عائد عكاب مرعى 

اليشجسة، جامعة صلاح الجين،  أربيل قدم  ىشجسة الطيخان، كلية   
Iyd.maree@su.edu.krd   

 الخلاصة
 ىحا البحث دراسة تجخيبية  لتأثيخ درجة الحخارة لجخيان مائعين )اليهاء والساء(  على الزغط خلال انبهب  ) ذو أنحشاءيتزسن 

على جانبي السشحشى   و في السشحشى نفدو. أن ىحه  الجراسة  ذات أىسية لفيم وتحدين العسليات الرشاعية التي تشطهي على  (90   
الحالية تتألف  من  ثلاث  اجداء:  أفقي, عسهدى, والسدار  السشحشى  للجخيان خلال  انبهب  مرشهع  من أن التجخبة  .جخيان مائعين

وأما القدم السشحشي من الأنبهب يحتهي على ندبة انحشاء نرف القطخ الى  مم ؛ 86مادة )البهلي فيشيل كلهرايج ( ويبلغ قطخه الجاخلي 
متخ مكعب في  24إلى  86م مجسهعة متشهعة من معجلات تجفق السياه التي تخاوحت من وقج تم  أستخجا  .8 (R/D )  القطخ بسقجار

وقج تم استخجام  ستة مجدات  متخ مكعب في درجات الحخارة  مختلفة ، 86إلى  2الداعة وأما معجلات جخيان اليهاء فقج تخاوحت  بين 
لتجخيبية  ليبهط الزغط  التي تم الحرهل علييا  من التجخبة ضغط لسخاقبة الزغط خلال مجة  التجخبة . وقج تست مقارنة الشتائج ا

بشاءً . ومقارنتيا مع الشساذج السشذهرة مدبقًا لتقييم نتائج أدائيا في التشبؤ بانخفاض الزغط في ظخوف انتقال الحخارة ولكن بجون الغليان
خارة في الحالة التي لا تييسن فييا لدوجة الدائل على لدوجة على الشتيجة التجخيبية ، يدداد الزغط عبخ أجداء  التجخبة  مع زيادة درجة ح

نة الخليط نعخًا لارتفاع معجل تجفق الدائل أيزًا ، يكهن انخفاض الزغط  عبخ السشحشى عالياً  عشجما يكهن  معجل تجفق اليهاء قليلًا مقار 
ة ، و تشعكذ الحالة بديادة درجة حخارة الخليط  حيث أن بسعجل تجفق ىهاء ألعالي  عشج ثبهت معجل تجفق الساء و عشج درجة حخارة الغخف

وكذفت الجراسة بان الحخارة . أنخفاض الزغط  عشج معجل تجفق اليهاء العالي . تكهن أعلى  بالسقارنة مع معجل   تجفق اليهاء السشخفض
 . بثبهت معجل جخيان الساءتديج الزغط و ىبهط  الزغط عشج السشحشى لجخيان مائعين عشج معجلات تجفق اليهاء العالية 

 .تاثيخ درجة الحخارة  ،09انبهب مشحشى  ،جخيان الطهرين  )اليهاء والساء( ،انخفاض الزغط  : الكلمات الدالة
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