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[] SPRAY NOZZLES TECHNICAL FEATURES 

Several technical features must be taken into account to select the proper nozzle. This will be 
dealt with on the following page. 

1. NOZZLE EFFICIENCY

A spray nozzle is a device that turns the pressure energy of a liquid flow into kinetic energy. 
The nozzle efficiency can be defined as the ratio between the energy available at the nozzle 

inlet and the energy wich is actually used to increase the liquid speed and create the spray, 
the difference being the energy lost during the process because of friction. Depending on the
nozzle type and for a good quality machining, the nozzle efficiency varies between 55% and
95% for the types that are commonly used in industrial processes. The above

considerations are only valid for purely hydraulic nozzles, where the only energy used is

the one from the feed liquid supplied under pressure, and are not valid for air-assisted

atomizers which require a much higher energy because of the losses inherent in the energy

transfer from compressed air to liquid surface.

2. DROPLETS SIZE

The droplets size depends on the structure of the atomizer, intensity of the liquids energy, 

liquid surface tension and density. The size of the atomized droplets is not uniform.

Therefore, the average droplets size becomes an important factor. For example, the droplets

size in gas quenching towers is extremely important. If their size is too big, they do not fully
evaporate leading to dust bag failure. On the contrary, if the droplets size is too small, it's not

possible to lower the temperature to the desired level and high temperature may cause the
dust bags burn out.

There are four ways to express the droplets size: 

The Sauter Mean Diameter (SMD) is the most commonly used. It refers to the drop 

volume/surface area ratio and it's often shown as D32, µm(Micron) unit. (1µm=10·3mm)

SURFACE MEAN DIAMETER L ARITHMETIC MEAN DIAMETER  
 

Th' . d' I h' h I . 1· d Is Is a Iameter va ue w Ic , mu tip Ie This is a diameter of such a droplet whose 
surface, multiplied by the total droplets 
number, equals the sum of all droplets 
surfaces. 

by the local number of droplets in the 
sample, equals the addition of all droplets 
diameters. 

3 
VOLUME MEAN DIAMETER SAUTER MEAN DIAMETER (D32) 

This is the diameter of such a droplet 
whose volume, multiplied by the total 
droplets number, equals the sum of all 
droplets volumes. 

This is the diameter of such a droplet 
whose volume/area ratio, equals the ratio 
between the sum of all droplet volumes 
divided by the sum of all droplet surfaces. 

MEASUREMENT METHODS 

SMD is tested using pure water at 25°C 

Method by immersion 

A glass dish containing 60% of silicone oil is passed quickly 

under the spraying nozzle. Silicon oil is heavier so the water 

droplets float on the oil surface. Every droplet diameter is 

recorded and the resulting average is the SMD. This is a 

difficult method to perform and for this reason it's rarely used. 

Laser interpherometer test 

As different droplets have different Pl, they produce different 

refraction angles. Therefore laser light can be used to 

measure their size. This type of method is fast and precise. 

PNR can perform this test with technologically advanced 

equipments and provide complete documentation containing 

test reports. Please contact us for more information. 
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3. SPRAY ANGLE

A spray angle is the angle formed by the cone of liquid

leaving a nozzle orifice.

The spray angle and the distance between the nozzle

orifice and the target surface to be covered determine the

spray coverage. (See page 116)

4. IMPACT FORCE
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The impact force is the force generated by the jet of water deflected by the impact surface and

its strength can be expressed as a force in kg or pounds or as a pressure in a given point in

kg/mm2 or lb/inch2 • The uniformity of a jet impact force and distribution influence the washing

effect. Under the same operating conditions (same pressure and capacity), different types of

nozzles can be used to perform an impact force test and the results are shown here below.

Straight nozzles > Flat fan nozzles > Hollow cone nozzles > Full cone and square nozzles 

5. DISTRIBUTION

Engineers design nozzles with different spray distribution patterns. Patterns can be solid stream,

full cone, hollow cone, flat spray, spoon flat fan. The nozzle design aims at the uniformity and

impact force of the jet sprayed whether nozzles are used individually or overlapping. Below

figures show detailed information for a variety of capacities and spray sections. We mark

distribution on every page for your convenience.

,- ' 
I \ I 

, ', -----------, 
, 'I I 

/ ', I I I 
, '' 

I I 
I I 
I I 

I I 
I I 
I 
I 
I 
I 
I 
' 

I ___________ ,,,. 

Flat fan 

convex distribution 

I I 
I I 
I I 

I I 
I I 
I 
I 
I 
I 
I 
' 

I ___________ ,,,, 

Flat fan 

even distribution 

I I I I I I I I I I I I I I I I 
: I 

___________ ,,,, 

Full cone 

convex distribution 

I I I I I I I I I I I I I I I I I I 

\ ___________ .,.'

Full cone 

even distribution 

I I 
I I 
I I 

I I 
I I 

I I I I I I I I I I 
' 

I ___________ ,,,, 

Hollow cone 

concave distribution 

, ', 

• 

I 
I 
I 
I 
I 
I 
I 

I I 
I : 

\ ___________ ,,,,' 

Straight 

single-point 

distribution 



Although nozzles are used to atomize liquids, the atomization precision and effect are deeply 
influenced by their quality. With our expertise we fully understand our customers needs and 
expectations and our engineers set high quality control standards not only for the operating 
precision of our nozzles but also for product inspection. PNR ensures the best atomizing effects 
and provides capacity and spray angle accuracy with a tolerance of ±10% guarantee. Below 
highlights of quality inspection.

Many different hydrodynamics techniques can be used to produce a spray and most of them 
are used today for nozzles to be applied in industrial processes. 

SPRAY NOZZLE

TECHNIQUES FOR SPRAY PRODUCTION
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This is the simplest type of nozzle where an orifice is opened into a 
chamber where the liquid to be sprayed is fed under pressure. 
A spray is produced through the orifice with spray pattern, flow rate 
and spray angle depending upon the orifice edge profile and the 
design of the inside pressure chamber. Typical pressure nozzles are 
J series straight nozzles and F series high pressure flat fan nozzles.  

PRESSURE NOZZLES

Turbulence nozzles use specially shaped vanes which force the 
pressurized liquid into a whirl chamber producing its high-speed 
rotation. This breaks up the liquid which exists the nozzle orifice 
atomized at high-speed. Different nozzle structures and flow 
rates produce hollow cone, full cone and full square cone spray 
patterns. Typical turbulence nozzles are RA series hollow cone 
and D series full cone nozzles. 

TURBULENCE
NOZZLES

SPRAY TECHNOLOGY

Check if liquid flow and 
pressure are in direct proportion.

Check if distribution is uniform. Check if droplets
diameter is uniform

Check if capacity is as required.

Check if spray 
angle is as required.

Check if liquid flow and pressure 
are in direct proportion.

Check if spray angle is as required.

Check if capacity is as required.

Check if distribution is uniform.

Check if droplets diameter is uniform
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•• ::•· H�r�• the desired spray shape is obtained producing an 
:•? impact of the liquid jet onto a properly designed surface. 

// The liquid jet is subsequently changed into a fluid lamina 

: : and then broken into drops with the desired spray pattern 
• • after leaving the nozzle edge. Typical impact nozzles are 
. .  
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K series flat fan nozzles, E series spiral full cone nozzles 
and RC series hollow cone nozzles . 
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:.fir-assisted nozzles - Depending on the liquid supply, these nozzles are of two types: 
Pressure nozzles and Siphon nozzles. 

PRESSURE NOZZLES SIPHON NOZZLES .................................. . 
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·••.. !..Ultrasonic atomizers are sister products of air-assisted atomizers. The 
.
·
• •• • ••. front-end has a titanium ultrasonic generator. It uses the energy of the 
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micro-atomizes the liquid droplets. The special design produces

. . . 
: : : tiny and uniform droplets (the average smallest particle size: 7 

: : , ..... .,.
: Micron). The advantages are vital to many applications. 

•· : : Ultrasonic atomizers have two phases of atomization. Phase 
� J: one: liquids mix with pressured air and produce tiny 
� :/ droplets to spray. Phase two: when the atomized droplets 
• .// hit the ultrasonic generator they get micro-atomized 

•
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.♦ generating smaller droplets. Please contact us for 

••... ..•::.: catalogue CTG AZ and more information.
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The shape of the tip determines the spray range of full cone nozzles. A typical application of these nozzles is continuous 

casting cooling when it's necessary to spray the same volume of liquids onto a surface to cool objects. 

Our engineers design a series of full cone nozzles to satisfy different needs. 

No matter what kind of full cone nozzles they are, they have unique applications. 

STANDARD FULL CONE (Turbulence nozzle) 

These nozzles use a specially shaped vane placed at the nozzle inlet to give a 

rotational speed to the fluid flowing through the nozzle. 

Because of the rotational speed of the fluid, water exiting the nozzle orifice is subjected 

to centrifugal force and opens up in the shape of a full cone. 

The extent of the angle of the cone is a function of both exit speed (created from the inlet 

pressure) and the internal design of the nozzle. It can vary in practice from 15° to 120°. 

These nozzles can be also produced as square full cone nozzles where the square 

shape of the pyramidal spray is obtained by a special design of the outlet orifice. 

Two important details have to be noted from the system designer when using these type 

of nozzles: 

1. The spray angle is measured on the side of the square section.

2. The square section of the spray rotates within the distance from the nozzle orifice to

the target area.

SPIRAL FULL CONE (Impact nozzle) 

This is not properly a full cone but rather a continuous liquid curtain evolving with the 

shape of a spiral inside a conical volume. The disadvantage of a scarcely even 

distribution is compensated by an exceptionally good resistance to clogging, large 

orifice and vaneless which make this nozzle the best choice in those applications such 

as wet scrubber, fire-fighting systems, etc. 

MULTIPLE FULL CONE (Turbulence nozzle) 

Several nozzles are grouped in a cluster with different spray directions. These nozzles 

produce large capacity of watermist. 

If you need both large capacity and mist, multi-orifice full cone nozzles are the best option. 
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A flat fan spray nozzle serves the purpose of spraying onto a surface or an object 

moving in a transverse direction with respect to the one of the jet surface, a typical 

example being the nozzles in a car washing tunnel. The vast majority of flat spray 

nozzles used in the industry work according to one of the following principles. 

IN LINE FLAT FAN (Pressure nozzle) 
This is the general purpose flat fan nozzle where the liquid enters the nozzle in line with 

the axis length and is fed to a pressure chamber from where it is ejected through the 

nozzle orifice. Flow value and spray angle are determined respectively from the orifice 

cross section and the orifice edge profile. 

IN LINE STRAIGHT JET (Pressure nozzle) 

Straight nozzles can be considered as flat fan nozzles as the only difference is the spray 

angle which is zero degrees in straight nozzles. These nozzles are often used in 

high-pressure operating environments where the wear resistance of the nozzles is very 

important. It ensures optimum service life and spray orientation. PNR offers a wide 

range of material selection. 

■ 416 hardened stainless steel

■ Ruby nozzle + stainless steel body

■ Tungsten carbide nozzle tip + stainless steel body

SPOON FLAT FAN (Impact nozzle) 

These nozzles feature a flat fan spray. According to the different arc design, these 

spoon flat fan nozzles can be of two types: high impact with narrow spray angle or low 

pressure with wide spray angle. 

■ Under the same operating conditions, narrow angle high impact nozzles

produce a higher impact force than standard flat fan nozzles. They are suitable

for cleaning environments that need strong impact force.

■ Low pressure nozzles with wider spray angle produce a 130° spray angle and

a large area of water curtain effect. Low-impact spray nozzles are widely used

in various applications such as foam removal, water curtain for gas separation,

fruits and vegetables cleaning.

[] HOLLOW CONE SPRAY PATTERN 

High impact types 

A hollow cone spray pattern is made of droplets concentrated on a ring-shaped impact 

area, with no droplets falling inside the conic volume. Under the same operating 

conditions, hollow cone nozzles produce a very fine atomized liquid mist and can 

capture a higher rate of suspended particles than other nozzles. They are widely used in 

exhaust scrubbers and gas cooling. 

HOLLOW CONE (Turbulence nozzle) 

These nozzles use a tangential injection of liquid into a whirling chamber to generate 

centrifugal forces which break up the liquid vein as soon as it leaves the orifice. 

Precisely designed orifice profiles, making use of the Coanda effect, provide the ability 

to obtain very large spray angles. 

HOLLOW CONE (Deflectio n nozzle) 

A hollow cone can also be obtained taking a liquid flow to change direction onto a 

properly designed surface in order to break the liquid into droplets and distributes them 

as a hollow cone spray pattern with clog resistance. This kind of nozzle is mainly used 

for applications in fire-fighting systems. 




