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Abstract—With the advantages of convenient processing, easy 

control for geometry size and adjustable parameters, single head 
spiral groove nozzle is widely applied in the field of environmental 
protection equipment. According to the lackage of rules on 
structure parameters of spiral groove to spray performance and 
supply power, spiral slot geometric model was set up, and three 
dimension numerical analysis was carried on using k-ε 
predominate turbulence model by fluent. The rules of spiral slot 
length, spiral groove depth, and groove pitch to flow velocity 
increasing ratio and frictional pressure loss were acquired. It 
supplies a theoretical guidance and basis for design of spiral 
groove of swirl nozzle. 
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I. INTRODUCTION 

The small particles generated by swirl atomizing nozzle are 
more stable. It can make cleaning effect of dust and industrial 
waste gas better with the increasing of the effective contact area 
of air purification. Owing to this virtue, it is a key component 
widely used in the field of environmental protection equipment, 
such as spray scrubber, flue gas desulphurization equipment, 
spray atomization device. The atomization effect of the swirling 
nozzle is enhanced by the speed increase with spiral structure. 
The main structure has two kinds [1-2]. One is done by setting a 
pipe with different angles of incidence, and the other is to set a 
spiral groove on the pipe. It is difficult to process and control the 
structure size by setting the swirling flow of the pipes with 
different incidence angles [3]. Spiral grooves on pipelines are 
easy to process. The geometric structure and size of spiral 
grooves are easy to control with some parameters easily 
adjustable, so that atomizing effect can be adjusted within a 
certain range. Therefore, the spiral groove structure of pipes has 
been widely applied in nozzles [4].  

The geometric parameters of spiral groove directly affect the 
effect of speed increasing and the pressure loss along the 
pipeline, and can cause a change of water atomization degree 
and increase of the power supply of the water supply unit. Most 
of the existing studies on spiral grooved tubes are focused on 
heat transfer and resistance characteristics in a single tube with 
spiral grooved tubes [5-6]. The influence rules of structural 
parameters on heat transfer coefficient and drag coefficient are 
analyzed through the flow field analysis of pipe fluid. According 
to the spray performance requirements of the nozzle, the study 
on the effect of the spiral groove structure on the effect of speed 

increasing and the pressure loss along the pipeline is still very 
short.  

In this paper, a swirl spray nozzle with a spiral groove is 
proposed, and an analytical model of the flow field for spiral 
groove using the finite volume method is established. The 
influence law of spiral groove length, depth and slot to the effect 
of speed increasing and the pressure loss along the pipeline is 
acquired, which provide theoretical guidance and a basis for the 
design of a spiral groove spiral swirl nozzle. 

II. PHYSICAL MODEL OF FLOW FIELD ANALYSIS OF 

SINGLE HEAD SPIRAL GROOVE OF SWIRLING NOZZLE 

The common spiral groove swirling nozzle structure, as 
shown in Figure I, is made up of a spiral speed increase catheter, 
a pitch nut, a locking nut and a nozzle. The water flows through 
the spiral tube growth by damping holes evenly distributed. The 
first time of atomization occurs in the cavity spiral growth.Then, 
the water flows through the valve nozzle and spiral growth 
between the nozzle and orifice catheter for second time 
atomization. The water atomization performance is enhanced by 
double atomization. At the same time, the adjustment of the 
pitch nut can change the ejection distance. 

 
FIGURE I.  SWIRLING NOZZLES WITH SPIRAL GROOVE 

The spiral groove tube formed by spiral speed increase 
catheter and the pitch nut makes the flow speed increase, which 
is the guarantee of the atomization effect. The fluid pipe formed 
by the two components is represented by the spiral groove tube 
illustrated in Figure II. In the picture, the inner diameter of the 
spiral groove tube is 8mm, the outer diameter is 15mm, the 
effective spiral distance is 10mm, the pitch is 2mm, and the 
spiral groove depth is 1mm. 
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FIGURE II.  FLOW FIELD MODEL OF SINGLE HEAD SPIRAL GROOVE 

OF SWIRLING NOZZLE 

III. ESTABLISHMENT OF CFD SIMULATION MODEL FOR 

SPIRAL GROOVE 

A three-dimensional model of a spiral groove tube is 
established using Gambit.The flow field is divided into two parts. 
One is the pipe fluid, and the other is the trough fluid. The inner 
surface of the fluid in the trough is meshed by nonstructural grid, 
and the hexahedral grid is used in fluid meshing. The fluid in the 
pipe is meshed by tetrahedral grid. The division of the fluid grid 
in the spiral groove is shown in Figure III. with hexahedral mesh 
in the surface area, and the rest with tetrahedral mesh, and the 
number of initialization grids is 9553. 

 
FIGURE III.  MESH MODEL OF FLUID IN SPIRAL GROOVE 

The boundary conditions of the calculated area are set 
according to the actual conditions as follows. The spiral conduit 
at the inlet of the nozzle is provided by the water pump for the 
velocity entrance boundary. According to the definition of 
various parameters in Fluent, the inlet speed of swirl nozzle 
spiral groove is 1m/s. The turbulence intensity is 1%, and the 
hydraulic diameter is 8mm.The outlet of the spiral groove is the 
pressure outflow boundary. The turbulence intensity is 1%, and 
the hydraulic diameter is 8mm. The rest of the surface is set to 
the wall, and the default settings are reserved.  

A separate solver is set up in Fluent to solve the problem. 
The flow field in the spiral groove is a turbulence model. The 
Realize k- e model is adopted, the wave parameter Cε2is set to 
1.9, the turbulent Prandtl number is set to 1, the TDR Prandtl 
number is set to 1.2, and the energy Prandtl number is set to 0.85. 
After the above parameters are set in Fluent, the initialization 

iteration calculation is carried out. The convergence of the 
calculation is judged through the residual curve.If the residual 
difference reaches 10-6, it can be considered to be convergent. 
At the same time, the entry and exit quality monitoring curves 
are set up to monitor the convergence process of the equations 
solution. The relevant settings are adjusted according to the 
problems until the specified convergence accuracy is achieved. 
The simulation carried on 100 times, and the residual curve is 
shown in Figure IV. The residual curve fluctuation remains 
unchanged after iteration of 72 times, and the residuals of all 
indexes are all below 10-6. 

 
FIGURE IV.  RESIDUAL MONITORING CURVE OF CALCULATION 

AND ANALYSIS 

IV. SIMULATION RESULTS 

The velocity curve at the center section obtained by 
simulation is shown in Figure V, and the pressure curve at the 
center section is shown in Figure VI. As you can see, the average 
pressure at the exit is 0.18Mpa, and the average speed at the exit 
is 1.128m/s,which increase by 0.13 time of the entrance. The 
pressure loss from the entrance to the exit is 0.08Mpa. Therefore, 
the setting of the spiral groove can increase the flow velocity of 
the fluid to improve the effect of fluid atomization, but it also 
increases the pressure loss at the same time. 

 
FIGURE V.  VELOCITY DISTRIBUTION CLOUD MAP IN CENTER 

SECTION OF SPIRAL GROOVE TUBE 
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FIGURE VI.  PRESSURE DISTRIBUTION CLOUD MAP IN CENTER 

SECTION OF SPIRAL GROOVE TUBE 

The length of the spiral groove, groove depth and spiral slot 
structure parameters has a great effect on speed increasing and 
pressure loss. The length of the spiral groove is changed. 
L=8mm, 10mm and 12mm are taken respectively. The average 
velocity curve of the spiral groove pipe section is obtained by 
taking the ratio of spiral groove length to inner diameter ratio as 
the research object, as shown in Figure VII (a). The average 
pressure curve of spiral groove pipe section is shown in Figure 
VII (b). Figure VII shows that when the ratio of the length of the 
spiral groove to the inner diameter is 1.25, the speed-up effect is 
the most significant and the speedup ratio reaches to 1.09. 
Therefore, the ratio of the spiral groove length to the inner 
diameter value should be chosen within the range of 1~1.5 in 
order to make the speedup ratio approach to the maximum. At 
the same time, the greater the value of the alpha, the higher the 
pressure loss produced by the spiral groove. But when alpha is 
1~1.5, the pressure loss is less than 0.09Mpa. Therefore, when 
the alpha is in the 1~1.5 range, the pressure loss produced by the 
spiral groove is very small, which can be ignored. 
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(a) Average velocity of cross section of spiral groove tube 
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(b) Average pressure of cross section of spiral groove tube 

FIGURE VII.  EFFECT OF ATO FLOW VELOCITY AND PRESSURE IN 
SPIRAL GROOVED TUBE 

The spiral slot of spiral groove is changed. T=1mm, 2mm 
and 3mm are taken respectively. The average velocity curve of 
spiral groove pipe section is obtained by taking the ratio of slot 
to inner diameter as the research object, as shown in Figure VIII 
(a). The average pressure curve of spiral groove pipe section is 
shown in Figure VIII (b). Figure VIII shows that the speed-up 
effect is the most significant when the ratio of slot to inner 
diameter is 0.25. At the same time, when the value of the ratio 
for slot and the inner diameter is 0.25, the pressure loss of the 
spiral groove is the least, only 0.06MPa. 
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(a) Average velocity of cross section of spiral groove tube 
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(b) Average pressure of cross section of spiral groove tube 

FIGURE VIII.  EFFECT OF βTO FLOW VELOCITY AND PRESSURE IN 
SPIRAL GROOVED TUBE 
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The depth of spiral grooves is changed. e=0.5mm, 1mm and 
1.5mm are taken respectively. The ratio for depth of spiral 
groove to inner diameter is taken as the research object, and the 
average velocity curve of spiral groove section is obtained, 
which is shown in Figure IX (a). The average pressure curve of 
spiral groove section is shown in Figure IX (b). Figure IX shows 
that the speed-up effect is more significant when the ratio for 
depth of spiral groove to inner diameter increases. However, the 
pressure loss also increases with the increase of the ratio for 
depth of spiral groove to inner diameter, and the effect is very 
small when the ratio is in the range of 0.0625~0.125. 
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(a) Average velocity of cross section of spiral groove tube 
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(b) Average pressure of cro 

FIGURE IX.  EFFECT OF ΓTO FLOW VELOCITY AND PRESSURE IN 
SPIRAL GROOVED TUBE 

V. CONCLUSION 

The setting of the spiral groove has an obvious effect on the 
speed-up effect of the fluid, and also increases the pressure loss 
along the path. In order to acquire the maximum speed-up effect 
of the fluid, the ratio of spiral groove length to inner diameter 
should be chosen in the range of 1~1.5, the ratio for slot of spiral 
groove to inner diameter should be chosen in 0.125~0.375, and 
the ratio for depth of spiral groove to the inner diameter should 
be chosen as large as possible. The increase of the ratio for 
length of spiral groove to the inner diameter and the ratio for 
depth of spiral groove to inner diameter causes the increase of 
the pressure loss. However, the effect to pressure loss is very 
small when the ratio is in the range of 0.0625~0.125. When the 

value of the ratio for the slot and the inner diameter is 0.25, the 
pressure loss of the spiral groove is the least. 
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