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Abstract— Industrial technologies aim to save energy and 

minimize operational costs in pumping systems. Nanofluids, 

containing nanoparticles suspended in base fluids, are proposed 

as a solution to improve heat transfer efficiency. However, 

nanofluid particles have higher viscosity and density, which 

affects the pressure drop and pumping power, which is crucial 

for piping system design. In the present study, pressure drops of 

water and nanofluid Al2O3-H2O across orifice are 

experimentally and numerically studied. A 2” pipe is used in 

which an orifice plate was installed. Four orifices are used with 

1”, ¾”, ½”, and ¼” inner diameters. Pressure drop results of 

water show slightly lower values than nanofluids results. 

However, it is suggested to utilize a higher power pump when 

working with nanofluid. 

Keywords— Nanofluid; Pressure drop; Pumping Power; 

numerical; Experimental; Orifice. 

I.  INTRODUCTION 

Head loss in fluid flow through pipes consists of friction and 

eddy losses, which arise from sudden changes in pipe 

geometry like bends [1]. Introducing nanofluids, which are 

composed of a base fluid and a suspended nanoparticle, 

which enhance thermal conductivity and efficiency in heating 

and cooling systems [2- 4]. There are many applications, with 

research exploring factors affecting nanofluid performance, 

challenges, and future opportunities [5]. 

 Heat transfer rate is improved depending on the type, size, 

concentration, and mixing ratios of nanoparticles [6-7]. Do et 

al. [8] demonstrated that using 3.0 vol% Al2O3-H2O 

nanofluid in mesh wicked heat pipes made thermal resistance 

less by 40% with respect to water. Nanofluids are prepared 

via physical mixing or chemical reduction in order to improve 

base fluid properties, which affect the specific heat capacity, 

and thermal conductivity [9].  

An experimental study [10] on Al2O3-H2O nanofluid revealed 

a 35–40% thermal conductivity enhancement and an 80–95% 

viscosity increase at 30 wt.% Al2O3-H2O, emphasizing the 

need for optimal nanofluid composition and parameters. 

During an experiment on a single-tube heat exchanger, 

Shahrul et al. [11] achieved a better performance of the heat 

exchanger by using metal oxide nanofluids. Routbort et al. 

[12] proved that nanofluids have a significant effect on heat 

transfer rate. Due to the increased viscosity, it may require 

more pumping power.  

Babar and Ali [13] indicated that hyper nanofluids improve 

heat transfer, but studies on their effects on pipes and fittings 

are limited, highlighting the need for further research. 

II. NUMERICAL ANALYSIS 

The present study examines pressure drop in a pipe using 

water and nanofluid separately. Fig. 1 illustrates a 2D 

pipeline with a 3mm width orifice, varying in diameter ratio. 

Flow velocity and pressure will be examined using different 

inner diameters orifices. 

 
Fig. 1. Pipeline and Orifice dimensions. 

Fig. 2 outlines the boundary conditions of a pipe; the left 

boundary is the flow inlet while the right boundary is the flow 

outlet. Inlet is a velocity inlet. Outlet is a pressure outlet. All 

other boundaries are walls with non-slip conditions. The 

velocity is varied based on flow rate. 

 
Fig. 2. Boundary Conditions. 

Mesh independency was conducted to determine the optimal 

mesh size. 50 l/min flow rate was applied to a pipe of 2” 

diameter with orifice of 1”in the pipe, as shown in Fig. 2, So 

mesh of 285,508 cells, 574 faces, and 288,963 nodes is most 

suitable, Figs. 3 and 4. 

 
Fig. 3. Mesh Independency. 

 

 

 

 

 

 

 

 

 

 Fig. 4. Mesh sizing of 0.25mm (a) Full Domain (b) zoomed in at Orifice. 
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Two-dimensional forced convection flow was modeled using 

ANSYS FLUENT 19 R3, discretization of second-order 

upwind interpolation, and the SIMPLE algorithm, k-ɛ 

turbulence model is used. Residual less than 8e-5 is obtained. 

Numerical results are validated using Tukiman et al. [14]’s. 

They focused on obtaining discharge coefficients and 

pressure drops for a specific diameter ratio of 2.4, obtaining 

results through different flow rates, and comparing the 

numerical data with published papers. Fig. 5 shows a 

comparison between the pressure drop of Turkish et al. [14] 

experimental results and current research. Fig. 6 shows 

comparison between the velocity contour and velocity 

vectors of Turkish et al. [14] experimental results and current 

research. 

 
Fig. 5. Comparison between pressure drop of (a) Turkish et al. [14] Exp. (b) 

current research. 

 

 
Fig. 6. Velocity contour and velocity vectors comparison between (a) 

Turkish et al. [14] Exp. (b) current research.  

 

CFD simulations are made to predict the flow pattern through 

an orifice plate. Water cases use a flow rate of 50 lit/min. 

Pressure drops according to different diameter ratios. The 

main pipe is 2” diameter while the orifice diameters are 1”, 

¾”, ½”. Four orifices are started with but the 1/4" orifice 

encountered many problems. However, its results were 

canceled. Simulations results are obtained in terms of 

velocity profile, Figs. 7 to 9, K factor, Fig. 10, and pressure 

drop, Fig. 11. 

 
Fig. 7. Velocity distribution of Water flow passing through 1” orifice. (a) 

Full Domain (b) Domain (zoomed in). 

 
Fig. 8. Velocity distribution of the Water flow passing through 3/4” orifice 

(a) Full Domain (b) Domain (zoomed in). 

 
Fig. 9. Velocity distribution of the Water flow passing through 1/2” orifice 

(a) Full Domain (b) Domain (zoomed in). 
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Fig. 10. Comparison between the water flow rate and K Factor for (1”, ¾”, 

and ½”) orifices. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. Comparison between the water flow rate and Pressure drop for (1”, 

¾”, and ½”) orifices. 

 

After applying pure water, the nanofluid mixture with a 

volume concentration (𝜑) of 4%, table 1, was simulated. 

Nanofluid simulations results are presented in terms of 

velocity profile, Figs. 12 to 14, K factor, Fig. 15, and pressure 

drop, Fig. 16. 

TABLE 1: PHYSICAL PROPERTIES OF AL2O3 NANOPARTICLES: 

Equations (1) and (2) are used to determine nanofluid density 

and viscosity, respectively.  

Density:    𝜌𝑛𝑓 = 𝜑 𝜌𝑝 + (1-𝜑) 𝜌𝑏𝑓                          (1)  

Viscosity: 𝜇𝑛𝑓 = 𝜇𝑏𝑓 (123𝜑2 + 7.3𝜑 + 1)                (2)  

Where 𝜌𝑛𝑓 and 𝜇𝑛𝑓 are density and viscosity, respectively, of 

nanofluid; 𝜑 is the volume concentration, 𝜌𝑏𝑓 and 𝜇b𝑓 are 
density and viscosity, respectively, of base fluid, 𝜌𝑝 is the 

density of nanoparticles.  

From the equations (1) and (2) physical properties of Al2O3-

H2O nanofluid, table 2, has been calculated for a volumetric 

concentration of 4%.  

TABLE 2: NANOPARTICLES AL2O3-H2O PROPERTIES (INPUT DATA TO 

ANSYS): 

 

 
Fig. 12. Velocity distribution of Al2O3-H2O flows passing through 1” 

orifice (a) Full Domain (b) Domain (zoomed in). 

 
Fig. 13. Velocity distribution of Al2O3-H2O flows passing through ¾” 

orifice (a) Full Domain (b) Domain (zoomed in). 

 
Fig. 14. Velocity distribution of Al2O3-H2O flows passing ½” orifice (a) 

Full Domain (b) Domain (zoomed in). 

 
Fig. 15. Nanofluid Results Comparison between the flow rate and K Factor 

for (1”, ¾”, ½”) orifices. 

 
Fig. 16. Nanofluid Results Comparison between the flow rate and Pressure 

drop for (1”, ¾”, and ½”) orifices. 

Lots of cases had been conducted in order to compare the 

results while varying the flow rate. In this experiment, flow 

Density 

𝛒  

(kg/m3)   

Specific 

Heat  

Cp 

 (J/Kg K)   

Thermal 

Conductivity 

K (W/m K)   

Viscosit

y 𝛍  

(kg/m 

s)   

3600  103,657  209,388  105,732  

Materials 
Density 𝛒 

(kg/m3)  

Viscosity 𝛍 

(kg/m s)  

Water H2O 998.2 0.001003 

Nanofluid 

Al2O3-H2O  
1086 0.000657 
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rate will be varied from 10 l/min to 50 l/min to evaluate 

orifice K loss factor in each case. Water of different flow rates 

had been applied. The same was done also for the Al2O3-H2O. 

Nanofluid numerical results, Figs. 17 and 18, show higher 

values of pressure drop and k factor values, respectively. 

 
Fig. 17. Comparison between the flow rate and Pressure drop for (1”, ¾”, 

½”) orifices. 

 
Fig. 18. Water vs Al2O3-H2O Comparison between the flow rate and 

Pressure drop for (1”, ¾”, ½”) orifices. 

To compensate for the pressure loss, the system needs 

additional pumping power. The pumping power is expressed 

in Equation (3).  

𝑃𝑜𝑤𝑒𝑟 = η 𝑃 𝑄 =  η 𝜌 𝑔 ℎ 𝑄               (1) 

Where, η : efficiency, P : pressure, Q : flowrate, ρ : density 

of fluid, 𝑔 : gravity, and h : pressure head.  

Fig.19 presents the effect of using Al2O3-H2O nanofluids in 

comparison to water on the pumping power as a function of 

flow rate. It is observed that water exhibits lower pumping 

power compared to the nanofluid mixture. Al₂O₃-H₂O 

nanofluids has a higher density than pure water, which 

affected the pressure drop. The utilization of Al2O3-H2O 

nanofluid instead of water leads to an increase in pumping 

power ranging from approximately 9% to 11%, respectively.  

 
Fig. 19. Variation of Pressure drops with Flow rate for water and Al2O3-

H20 Mixture. 

III. EXPERIMENTAL ANALYSIS 

Nanofluid properties can be tailored by adjusting two 

parameters; nanoparticle size and concentration. In this 

paper, Al2O3-H2O nanofluid with particles of size 25 nm and 

a concentration of 0.04% will be used so that for 12 liters of 

base fluid 28.9 grams of nanofluid will be mixed together as 

shown in Fig. 20 (a). In this research, direct mixing and a 

magnetic stirrer will be utilized to ensure the best dispersion. 

The magnetic stirrer has a rotating magnet that mixes 

components, Fig. 20 (b). The base fluid is formed by mixing 

distilled water with ethylene glycol, acting as an antifoam and 

antifreeze material to prevent the mixture from failure. 

(a)  (b)  

Fig. 20. Nanofluid Preparation (a) weigh a certain amount of nanofluid 

powder (b) mixing distilled water with ethylene glycol. 

The stability of the nanofluid mixture is an important factor 

that affects the nanofluid’s properties. Nanoparticles always 

tend to aggregate, so the surfactant (Sodium Dodecyl 

Sulphate) was added to prevent aggregation and complete 

dispersion of the nanofluid mixture with ratio of 1:2 (1 gram 

of surfactant to 2 gm of nanoparticles), Fig. 21. Nanofluid 

does not last very long and the experiment was done 

immediately after preparation. 

 
Fig. 21. Surfactant magnetic mixing with ratio 1:2. 

The sonication process, which involves mixing ethylene 

glycol, water, sodium dodecyl sulphate, and nanoparticles, 

ensures complete homogenization and dispersion of the 

mixture after 30 minutes of sound energy agitation, Fig. 22. 

 
Fig. 22. Sonication process for the nanofluid mixture 

A real practical model is designed that will give an actual 

physical simulation of the CFD model, which facilitates the 

comparing process between water and nanofluid properties 
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when passing through a piping network of the four orifices, 

Fig. 23. 

 
Fig. 23. Piping Network. 

The experiment used a pressure gauge to measure the 

pressure drop of a fluid through a series of polyvinyl chloride 

(PVC) pipes. The flow rate is calculated by filling a fixed 

volume of water in a specific time. The fluid is pumped by a 

1 HP centrifugal pump through a closed loop cycle, 

connected to a plastic tank and piping system. The fluid flow 

and velocity are controlled by a 1 hp variable speed controller 

(dimmer controller) switch. Ball valves are used to control 

the flow direction and block it in specific situations, Fig. 24. 

 
Fig. 24. Apparatus Setup 

Orifices are used as fixed throttles. They generate head loss. 

In this apparatus, four orifice plates with different diameters 

are used 1”, ¾” and ½”, Fig. 25. Piping and orifices are joined 

together using steel flanges.  

 
Fig. 25. Utilized Orifice Plates (a) 1” Orifice. (b) ¾” Orifice (c) ½” Orifice. 

 

To determine pressure drop across the orifice, pressure 

gauges positioned at specific locations before and after the 

orifice were used. Pressure gauges are being positioned at a 

distance equal to twice the pipe diameter to ensure an 

accurate measurement. At this distance, the flow is stable and 

not affected by turbulence and to allow the pressure to 

stabilize after the disturbance caused by the orifice.  

Many readings are taken and a series of valve openings (30%, 

45%, 60%, 70%, and fully opened) to analyze the value of the 

loss coefficient factor K (dimensionless). It is required to 

specify the diameter in order to get the throat area as the used 

orifices diameters in the piping system (1”, ¾”, ½”, and ¼”). 

Knowing the orifice throat area for each orifice, velocity can 

be calculated. Head loss is measured, and finally loss factor 

coefficient K can be calculated for water, Fig. 26, and 

nanofluid, Fig. 27. 
 

 
Fig. 26. Loss coefficient factor K values for water experimental results. 

 

 
Fig. 27. Loss coefficient factor K for Nanofluid experimental results. 

 

Figs. 28 to 30 show comparisons between experimental water 

and nanofluid mixture loss coefficient factor K for 1”, ¾” and 

½”, respectively. It can be noticed that loss coefficient factor 

K values for nanofluid are always higher than those of water. 

 
Fig. 28. Comparison between experimental Nanofluids and water K factors 

for 1” diameter orifice. 
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Fig. 2. Comparison between experimental Nanofluids and water K factors 

for 3/4” diameter orifice. 

 

Fig. 30. Comparison between experimental Nanofluids and water K factors 

for 1/2” diameter orifice. 
 

IV. CONCLUSION 

In the current study, the pressure drop through orifices is 

numerically and experimentally analyzed for water and 

nanofluid Al2O3-H2O. Loss coefficient factor K and pressure 

drop of nanofluids show slightly higher values than water 

results. Although nanofluids significantly enhance heat 

transfer rate and fluid properties, they also have a higher 

viscosity and density, which certainly affect the pressure drop 

and pumping power. A balance between heat transfer benefits 

and consumed power ensures a practical solution in industrial 

applications. 
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