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Abstract 

This paper reviews the investigations fluid flow through 

different nozzle geometry, and aimed to understand the effects of nozzle 

shapes on the flow characteristics. This work divided in two parts, 

experimental method and numerical method and both focused on flow 

of the nozzles. The experimental discus mainly on the influence of 

nozzle geometry and to compare their results with different techniques, 

while numerical method is focused on flow of nozzle shapes using CFD 

analysis with different turbulent models.   
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1. INTRODUCTION  

 

Nozzles have a large engineering implementations major to 

generate jest and sprays, it can be described as a convergent or 

divergent nozzles, and convergent-divergent nozzles have a 

convergent section flowered by divergent section and also called 

De-Laval Nozzle. Nozzles come in a variety of shapes and sizes 

depending on applications, which can be employment either as 

a single device or as a part of device. There are many studies of 

the nozzle shapes and geometry effects on the flow 

characteristics with different methods of analyzed. 

 

2. METHOD OF ANALYSIS  

  

There are two ways to study the nozzle shape effect on the flow 

characteristics, firstly experimental method and secondly 

numerical method which discus in the following.  

 

2.1 Experimental methods 

In diesel engine there are many experimental on the influence 

of nozzle geometry, (Hespel, C. et al., 2010) made an 

experimental to find the spray structure and particle size 

distribution close to the nozzle exit and they found that the 

cavitation plays a role of most importance on the atomization 

process and on the interaction between the liquid spray and the 

surrounding gas. (Payri, R et al., 2009) noticed that nozzle 

geometry and cavitation strongly effected to evaporation and 

atomization process of fuel, also (Payri, R., et al., 2005) checked 

the influence of nozzle geometry on combustion process under 

real engine condition using CH- and OH chemiluminescence 

techniques. 

(Matsuo, S., et al., 2007) investigated experimentally the 

effect of nozzles geometry on the flow characteristics in spiral 

nozzle through an annular slit to measured velocity distribution 

downstream of the nozzle exit and to compared with 
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computational results. (Theerayut, K.S.M.W.H. and 

Nuntadusit, L.C., 2012) investigated using flow visualizations 

technique for the flow characteristics of the jet expansion pipe 

nozzles and the experiment was conducted for the free jet from 

round pipe with installing collar at jet exit, and they showed 

that the jet spreading rate of pipe nozzle with collar is not 

different from the conventional jet (pipe nozzle without collar), 

but the fluctuation of jet from pipe nozzle with collar is larger 

than conventional jet. Also (Ghassemieh, E., et al., 2006) made 

investigations by using visualization technique of small water 

jet for nozzle with cross-section and small diameter ranged 

between 120-170 µm, and they concluded that manufacturing 

tolerances and surface roughness effects become critically 

important factors in determining flow characteristics of very 

small nozzles. (Hu, G., et al., 2012) produced the prototype and 

made some experimental studies and they have seen the 

optimum throw lengthen of water with the maximum inlet 

pressure and compared their result, also (Yuan, B., et al., 2012) 

made proto type to compared their result for investigation in 

convergent nozzle of high pressure.  

 

2.2 Numerical Methods 

Numerous nozzle simulations are interested with the effect of 

nozzle shape and geometry on flow with different fluid and 

different type off nozzles. There are several studies done to 

investigated flow in various nozzles, (Brusiani, F., et al., 2014) 

compromise of the fluid dynamic performance of three different 

injector hole shapes diesel nozzle cylindrical, KS hole and k 

hole and they studied the nozzle layouts using 3D - CFD fully 

transient multiphase approach. 

(Pourmahmoud, N. et al., 2012) analyzed using CFD 3D 

steady state, compressible and turbulent flow throw a vortex 

tube and use k-ε turbulent model and they focused on the flow 

field of vortex tube by utilizing straight and helical nozzle and 
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they found that the helical nozzle causes to from higher swish 

velocity in the vortex's chamber than the straight nozzle. 

(Tamaki, H., et al., 2007) studied numerically the flow 

field in variable area nozzle for radial turbine using CFD and 

investigated for two throat areas, and they found that the effect 

on leakage flow on the flow field downstream of the nozzle vane 

was very weak with the largest opening. 

(Babu, P.C. and Mahesh, K., 2004) investigated the 

effect of entrainment near the inflow nozzle on spatially 

evolving round jets for laminar and turbulent jet using Direct 

numerical simulation (DNS) and found that the importance 

allowing for in flow entrapment in simulation of turbulent jest. 

One of the first efforts at connecting nozzle geometry 

and flow characteristics, (Matsuo, S., et al., 2007) investigated 

numerically the effect of nozzles geometry on the flow 

characteristics in spiral nozzle using unified platform for 

aerospace computational simulation and Spalart-Allmaras as 

turbulence model. Also (Theerayut, K.S.M.W.H. and 

Nuntadusit, L.C., 2012) illustrated the flow characteristics of 

jet from expansion pipe nozzle by using 3-D numerical 

simulation and the model of numerical simulation is same the 

experimental model with standard k-ε turbulent model, and 

they found that there is reverse flow of ambient fluid into the 

chamber for the pipe nozzle with the collar. 

  (Yii, R.S.C. el al., 2014) have studied numerically nozzle 

geometry of the premix injector and they determined the effect 

of nozzle shape on flow characteristics using CFD to improve 

combustion performance and pollutant products, and they 

showed that the premix injector nozzle hole shape gives impact 

flow characteristics and indirectly affects the emission of the 

burner system. 

In order to focus on the effect of flow parameters on 

nozzle (Alam, M.M.A., et al., 2016) investigated the effect of 

flow parameters at nozzle exit and they simulated turbulent 

flow through different nozzle inlet geometries using Reynolds-
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averaged Navier-Stokes equations, and showed that the nozzle 

geometry had clearly effect on discharge coefficient. 

Many numerical work concentrated on flow in 

convergent-divergent nozzles, (Belega, B.A. and Nguyen, T.D., 

2015) analyzed the flow through the convergent-divagated 

nozzle and viewed the behavior of fluid using CFD. Also (Rao, 

G.R. et al., 2013) analyzed the flow in convergent-divagated 

nozzle using CFD with different Mach number and different 

nozzle ratio.  (Satyanarayana, G., et al., 2013) made CFD 

analysis of flow in convergent-divagated nozzle for different 

cross-section shape to investigated the suitable nozzle which 

gives high exit velocity among different cross-section, and they 

found that fluid properties are grandly dependent on the shape 

of the nozzle which affects the flow within the nozzle and the 

extent of flow expansion. Also (Mohamed, S., et al., 2017) have 

numerical simulation of the compressible flow in convergent-

divergent nozzle to study the pressure influence on the flow 

characteristics and they used Reynolds averaged Navier-Stoks 

equations and two transport equations to model the turbulence. 

There have studies for gas and natural gas (Jassim, E.I. and 

Awad, M.M., 2013) made numerical investigation for different 

shape of nozzle to illustrate the position of chock wave for 

varies pressure ratio and they showed that nozzle geometry 

influences the flow structures including location of shock wave. 

(Pandey, K.M. and Singh, A.P., 2010) have been studying gas 

flow in a conical nozzle with various degree of angle and the 

flow is simulated using CFD 2-D axi-symmetric models.  

There are many studies focused numerically for water 

jet including (Yuan, B., et al., 2012) have studied of the interior 

flow in water jets using CFD and they chose converged nozzle 

with different type of turbulent model and they found that k.ε 

verifiable turbulent model for using in water jet flow.  

(Liao, W.T. and Deng, X.Y., 2017) also made numerical 

simulation of nozzle water jet and they analyzed three factors 

(length of cylindrical section, exit nozzle diameter and 
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convergence angle) on the nozzle water jet flow field and they 

concluded that hydraulic cutting has the better comprehensive 

effect at the optimal nozzle parameters. (Baisheng, N.I.E., et 

al., 2011) made numerical investigates of the flow field inside 

and outside high-pressure abrasive water jet nozzle using CFD 

analysis to investigate the effect of different nozzle geometry 

with applying different inlet pressure and shock pressure and 

they chose k-ε equation turbulence model for all analysis. 

Additionally, (Kasare, P.K., et al., 2016) studied the effects of 

geometry on the turbulent jet in convergent ducts using 

computational tool for suitable nozzle contraction design 

optimization and the study suggested that SST-kx model is 

used where on for large change in turbulence intensities. (Hu, 

G., et al., 2012) made analysis of jet characteristics and 

structure optimization of a liquamatic fire water monitor, they 

simulated the internal flow performance of the fire monitor 

using CFD analysis with two equation RNG and k-ε turbulence 

model to investigated the effect of the diameter of the monitor 

body, cross-section shape and inlet pressure to found the best 

case for jet characteristics of fire water monitor. (Fang, Z.L., et 

al., 2014) numerically simulated the flow field of organ pipe 

nozzle and investigated cavity effect for different inlet pressure 

using CFD analysis based on k-ε equation turbulence model 

and showed that working pressure, cavity length and cavity 

diameter had influence on the characteristics of organ pipe 

nozzle and it exited optimum parameters. 

 

3. NOZZLE GEOMETRY CONFIGURATIONS 

 

(Zhang, S.B. and Zhu, J.M., 2013) Investigated numerically the 

flow field of adjustable nozzle and traditional nozzle (Fig. 1, (a), 

(b) by using CFD-2D, which are immensely increased and flow 

velocity and mass flow can be adjusted in this kind of nozzles. 
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(a)Traditional nozzle (b) Adjustable nozzle 

                                     

Fig. 1 Axisymmetric conical nozzles, (Zhang, S. B., et al., 2013) 

Flow inside the nozzle investigated numerically (Ahmet Çağrı 

Bilir, et al., 2016) using CFD analysis based on finite volume 

method for different nozzle geometries. In their study they 

designed five different nozzles with the same inlet and outlet 

diameters and length to make a good comparison, (Fig. 2) (a) 

Pelton-1 nozzle, (b) Conical-1 nozzle, (c) Conical-2 nozzle, (d) 

Reverse Pelton nozzle, and (e) Pelton-2 nozzle with applying 

two equation k-ε turbulence method and determined minimum 

reaction force and maximum mass flow rate. 

 
 

(a)  Pelton-1 nozzle (b)  Conical-1 nozzle 

 
 

(c) Conical-2 nozzle (d) Reverse Pelton nozzle                     
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e. Pelton-2 nozzle 

 

Fig. 2 Five different nozzles with the same inlet and outlet diameters 

(Ahmet Çağrı Bilir, et al., 2016) 

 

(Y. Yu, et al., 2012) Investigated the effect of nozzle geometry 

for different nozzle type (Fig. 3), (a) ring nozzle, (b) baseline 

nozzle, (c) extended nozzle and (d) grooved nozzle by using CDF 

analysis and the flow in those nozzle simulated using various 

turbulence method and they found that the increases of the 

turbulences intensity and mean velocity in the ring nozzle at 

the exit with high pressure to move flow flowed throng it.  

 
  

   (b) Baseline nozzle  
(a) Ringed nozzle 

 

 
(c) Extended nozzle 

 

 
(d) grooved nozzle  

 

Fig. 3 Four nozzle geometry configurations, (Yu.Y. et al., 2012) 
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Table (1) illustrates summary of different studies of the nozzle 

shapes and geometry effects on the flow characteristics with 

various methods of analysis as blow which contents of the 

author of the paper, year of publication, flow type, control 

parameters and the important results.  Flow type have done 

either compressible or incompressible in the nozzles, the most 

control parameters have been focused on the nozzle shapes, 

geometries and the cross section of the nozzle. Finally, the 

paper (CFD study of effects of geometry variations on flow in a 

nozzle) presents the best results which ring nozzle increase the 

turbulence intensity and mean velocity.   

 

Table 1 Summary of different studies of the nozzle shapes and 

geometry effects on the flow characteristics with different methods 

of analysis. 

Author &Publication 

year 
Flow Type 

Control 

Parameters 
The Results 

Babu & Mahesh., 2004 Incompressible 

Reynolds number 

of laminar and  

turbulent 

Importance of allowing for inflow 

entrainment in simulation of turbulent 

jets 

Ghassemieh, E., et al., 

2006 
Incompressible 

Different nozzles, 

pressure 

The relationship between nozzle 

geometry, discharge characteristics and 

jet coherence 

Pandey & Singh., 2010 Incompressible 

Different shapes  of 

nozzle, different 

pressure ratio 

The variation of the Mach no. and 

pressure ratio 

Baisheng, et al., 2011 Incompressible 

Inlet pressure, 

shock pressure, 

target range 

Best cutting distance range 2-7 times the 

exit diameter of nozzle, shock pressure at 

stagnation point is largest 

Hu, G., et al., 2012 Incompressible 

Cross-section 

shape diameter of 

monitor body, inlet 

water pressure 

The effect of structural parameters is 

circular, inlet pressure 0.1 MPa and 

monitor diameter 60 mm and right angle 

type 

Yu. Y, et al., 2012 Incompressible 

Different nozzle 

geometries, 

pressure 

Ring nozzle increase the turbulence 

intensity and mean velocity 

Yuan, B., et al., 2012 Incompressible 
Different kinds of 

turbulence model 

k-ε turbulent model is more suitable for 

simulation water jet 

Satyanarayana, G., et al., 

2013 
Compressible 

Different nozzle 

cross section 

Fluid properties are largely dependent 

on the cross section of the nozzle which 

affects the flow within the nozzle 

Jassim & Awad., 2013 Compressible 

Different shapes  of 

nozzle, different 

pressure ratio 

Nozzle shape is slightly changed with the 

shape of the nozzle 

(la t.r,.n ,in is rBni   201  e,bissaitt.cBi 
 .ttiai,s .,eibsia 

 iBi t rsit 

g i ilrB rs.i, it s i brl.srs.,T 

tBif iliB s.i, .,t.ni  s i .,eibsia .t 

siatiasin tais s i si.,s it l.if it s i 

iliarBB tsars b rarbsia.ts.bt isiaT.,T tais 

s i .,eibsia  iBit r,n tais s i brl.srs.i, 

iait.i, a.tr ilia ,iinBi n,izzBi nr,n  iBi 

.,sia,rB t atrbit  

Zhang & Zhu., 2013 Incompressible Different nozzle The performance of the nozzle with a 
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with different 

contraction angle 

straight pipe is better than that of the 

nozzle without a straight pipe. 

Yii, R.S.C. el al., 2014 
Incompressible, 

compressible 

Different nozzle 

shapes 

 

That the premix injector nozzle hole 

shape gives impact to the flow 

characteristics and indirectly affects the 

emission of the burner system 

Belega & Nguyen., 2015 Compressible 

Different nozzle 

pressure ratio, 

different Mach 

number 

Mass flow rate decrease with Mach no. 

static pressure increase with Mach no 

Ahmet Çağrı Bilir, et al., 

2016 
Incompressible 

Different nozzle 

geometry,  

pressures 

Conical nozzle is the best nozzle 

geometry 

Alam, M.M.A., et al., 2016 Compressible 
Different nozzle 

inlet geometry 

The nozzle geometry has pronounced 

effect on the sonic lines and discharge 

coefficients 

Liao & Deng., 2017 Incompressible 

Convergence angle, 

nozzle outlet 

diameter, 

cylindrical section 

length 

Under optimal nozzle parameters 

hydraulic cutting has the best 

comprehensive effect in an optimal 

design. 

Mohamed, S., et al., 2017 Compressible Pressure Appearance of the delamination 

 

4. CONCLUSIONS  

 

This review paper purpose is to review and understand 

different methods of analysis concerned on the flow of nozzles 

which cannot covered, there has been many experimental 

studies and more numerical method done to gain better results. 

In general, numerical method has demonstrated best solution 

rather than experimental which it need complex nozzle 

geometriesi 
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