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ABSTRACT 
In robots, the grippers are the handling device that generates upward lifting force to grasp the material. The handling of different 
food products is still a challenge in automation industry because of its delicate structure. Different types of end effectors are 
available but there is no existence of universal gripper to grip various food products. The recently developed robotic gripper based 
on Coanda principle is a non-contact gripper that is commonly usable for all type of materials. This paper reveals the design and 
development of a slim, plate shaped Coanda gripper with independent suction head. The performance of a Coanda gripper is 
studied and the Computational Fluid Dynamics (CFD) analysis is carried out in the Ansys software to observe the negative pressure 
distribution. This negative pressure is the air consumption required to produce specific vacuum to hold the food material. The 
negative pressure distribution for different design configuration is also computed to investigate the influence of geometric 
parameter of the Coanda gripper. This Coanda gripper will leave no marks on the gripped material. 
 
KEYWORDS: Food automation, Non-contact gripper, CFD analysis, Optimum gripper profile.  

INTRODUCTION 

 

Food products with several nutrition and flavours are naturally scattered all over the world on basis of climate 

and environmental conditions. Some food products also depend on temperature and humidity, so these types of 

food products are preserved in order to use also in other seasons of the year. It is well-known that some of the 

foods are used regularly for a healthy human life. These products are packed either as whole or separately and are 

transported all over the world.  

Food products must need delicate handling and packaging because they are very fragile and easily spoiled by 

environment. For handling the various foods such as meat, fish fillets, poultry pieces and other sliced processed 

meat necessitate a high degree of flexibility [1]. In robotic industry, the grippers are made that generate upward 

lifting force to grasp the material.         

The different type of grippers has been developed by the researchers for handling several kinds of food 

material. Erzincanli and Sharp [2] classified the robotic grippers; they are: clamping end effectors, two finger 

grippers, three or more finger grippers, hard fingered end- effectors, soft-fingered grippers, the magneto 

rheological robot gripper, adhesive end-effectors, force grippers, Bernoulli gripper, non-contact robotic end 

effectors, vacuum grippers, cryo grippers, needle-end effectors and most recently the Coanda effect gripper. All 

these grippers function based on surface, shape and structure of the material to be lifted. It is challenging to evolve 

a single gripper that can handle multiple food products [3]. In food industry, mostly non-contact grippers are 

preferred in order to avoid contamination. The latest design made by applying the Coanda effect called the Coanda 

effect gripper poses a better gripper when compared to other type of grippers due to its advanced features and 

grasp without any mark on the material. 
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Coanda Principle: 

The phenomenon obtains its name from an aeronautical engineer - Henri Coanda. Coanda effect is defined as 

that, “A stream of fluid as in contact with a curved surface will tend to follow the curved path of the surface rather 

than moving in a straight line “shown in Fig. 1. Because of this effect, the velocity of the fluid moving over the 

curved surface increased that tends to the decrease of pressure. This principle is introduced into the gripping 

system to grasp the object. 

 

 
 

Fig. 1: Coanda effect 

 

Coanda Ejector: 

A. Cylindrical Coanda ejector: 

The basic flow phenomenon of cylindrical Coanda gripper is as shown in Fig 2. Pressurised primary air is 

allowed through the input channel (1) to nozzle. The air stream enters through this nozzle at high speed and cuts 

to the convergent nozzle wall, enters the throat and continues along the diffuser walls (3). The primary air flow 

from the compressor will interact with the atmospheric air in the inlet area and drags a secondary air-stream into 

the gripper. These two air streams mix along the diffuser wall. Ameri and Debby’s [5, 6] have made a flow analysis 

for cylindrical Coanda gripper and also presented a method of calculation for the flow field in Coanda gripper. 

 

 
Fig. 2: Cylindrical Coanda gripper 

 

B. Planar Coanda ejector: 

A series of cylindrical Coanda ejectors are arranged to hold up the plies of textiles or materials. The main 

disadvantage of this type of cylindrical Coanda design is its height. To save the storage volume, the space above 

the material should be small. Because of this reason this cylindrical Coanda grippers are considered to be big. 

This will generate the idea of emerging the new design called Planar coanda ejector as shown in Fig 3. This uses 

the vertical side walls in a rectangular channel as the diffuser. 

When the compressed air enters into the gripper, the air accelerated through the diffuser. The velocity of the 

air stream along the flow path is increased due to the presence of Coanda curve. Thus, the vacuum is created near 

the Coanda curve which will induce to drag the atmospheric air through the secondary inlet into the gripper. It is 

used to generate enough lifting force to grab the material. Lien and Davis [7] have reported that the planar Coanda 

gripper functions just as well as standard cylindrical Coanda gripper. 
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Fig. 3: Planar Coanda gripper  

 

Design Of The Planar Coanda Ejector: 

 The parts of the planar coanda gripper consist mainly of the top plate, middle plate and bottom plate shown 

in Fig 4. The middle plate has the primary inlet channel, Coanda curve and diffuser. The bottom plate has the 

secondary air inlet. The model was primarily built in CATIA V5 with suitable dimensions as shown in Table 1 

 
Table 1: Main Dimensions of Planar Coanda ejector 

Parameters Dimensions  Units 

Throat size  20 mm 

Throat area 400 mm2 

Exit area 400 mm2 

Coanda radius 5 mm 

Diffuser length 150 mm 

Air inlet area 1256 mm2 

 

 
Fig. 4: CATIA model of the gripper 

 

Numerical Modelling: 

The numerical modelling is used to find the physical properties on the product using set of differential 

equations by means of digital computing. A commercial Ansys Fluent software has been used to conduct the 

numerical analysis on the Coanda ejector. Numerical modelling can be classified into different categories, hence 

finite volume method is widely used in Ansys Fluent to generate mesh in the model.  

The model is meshed with a structured grid system with tria cells. In structures grid generation, the mesh is 

generated to fit on the boundaries. The benefits of having structured grid mesh is to generate the high and good 

quality of mesh. This regulates the fastening to go solution algorithm. About 250000 cells could provide the grid 

independency on the solution.  

In present analysis, the flow is considered to be steady and a k-€ model is identified to be ideal for such flows. 

The inlet and outlet of the fluid flow in the domain. Total air pressure ranges of 100kPa to 250kPa are imposed at 

the reservoir inlet for different design configuration.  

 

RESULT AND DISCUSSION 

 

A. Negative pressure distribution: 

The gripper parameters such as secondary inlet, diffuser length and Coanda radius have impact on the 

efficiency of a gripper. In this study, the design was set at Coanda radius was 5mm, Secondary air inlet was 20mm 
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and the diffuser length was 150mm.  

The performance analysis of a Coanda gripper is the efficiency with which the primary flow drags the 

secondary flow and how well both the flows are mixed in the gripper. The static pressure recovery as shown in 

the Contour Plots (Fig. 5) is good enough to presume that suction effect in order to shift the material. From this 

plot one can easily understand that the low pressure is created at the secondary inlet area, i.e. near the Coanda 

curve.  

 
Fig. 5: Negative pressure distribution in the flow path of the gripper 
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Fig. 6: Under pressure effectiveness as a function of Diffuser length 

 

Thus, the efficiency may partly be defined in terms of the length from the supply throat, where the two flows 

are mixed completely. Lien and Davis [7] already proposed that the diffuser length must be at least eight times the 

throat gap, the efficiency is highest in the length range 130–190 mm. Within this limit, the performance is high in 

gripper with the diffuser length of 155mm as shown in Fig. 6  

Hence this performance study of the Coanda gripper is attempted mainly based on the secondary inlet area 

and the Coanda radius in order to search for optimal gripper profile. 

First, the performance of the Planar coanda gripper could be examined based on the secondary inlet area. 

Negative pressure distribution for various secondary inlet radiusis has been observed. It can be seen that, there is 

possible enhancement of vacuum when the area increased. Fig. 7 shows that the enhancement of vacuum as a 

function of secondary inlet area is limited up to the range of 18mm to 21mm. The efficiency will drop beyond 

these values. And also, shows that the profile with inlet radius 21mm will provide higher under pressure than 

others. 
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Fig. 7:  Under pressure effectiveness as a function of secondary inlet radius 

 

Second, the gripper is examined by varying the radius of the Coanda curve. This indicates that the vacuum is 

increased when the Coanda curve radius is reduced as shown in Fig. 8. This is because the Coanda principle is 

applicable only for the concave curve. Thus, when the radius is increased, the curvature for that secondary inlet 

and the diffuser is reduced and the flow will be imposed on the less curved area. Due to this, the flow compression 

through the Coanda curve is not effective that will reduce the velocity of the flow near the Coanda curve.  

From Fig. 8, the efficiency of the gripper is highest in the curve radius range 3–5 mm. Efficiency drops at 

curve below 3 mm. It is also worth noting that the efficiency drops for curve above 5 mm. 
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Fig. 8: Under pressure effectiveness as a function of Coanda curve 

 

B. Design of Experiments: 

The negative pressure distribution on the gripper surface and grasping surface area are influenced to a large 

extent by grasping parameters such as Coanda radius, Secondary inlet chamber and diffuser length. In order to 

maximize grasping surface area and negative pressure distribution, there is a need for optimization of grasping 

parameters. 

The Design Of Experiment (DOE) techniques that enables designers to determine simultaneously the 

individual and interactive effects of many factors that could affect the output results in any design. The design 

parameters and their levels are shown in Table 2. 
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Table 2: Design Parameters and Their Levels  

Design parameters 

 

Low Level    

(-1) 

Middle Level  

(0) 

High Level 

(+1) 

Secondary Inlet chamber(mm) 19 20 21 

Coanda radius(mm) 3 4 5 

Diffuser length 150 155 160 

 

The regression equation for negative pressure obtained for the above results is an equation which depends on 

three variables, secondary inlet chamber, Coanda radius and diffuser length The obtained regression equation is 

as follows. 

Negative pressure (kPa) = 885-1.8 Inlet Chamber-11.07 Diffuser Length-10.0 Coanda Radius – 0.160 Inlet 

chamber*Inlet chamber+0.0329 Diffuser length*Diffuser Length-1.433 Coanda Radius*Coanda Radius+0.0335 

Inlet Chamber*Diffuser Length +0.520 Inlet Chamber*Coanda Radius + 0.0745 Diffuser Length* Coanda Radius 

 
Table 3: ANOVA table 

Source DF SS MS F-Value P-Value 

Model 6 38.492 6.415 5.1 0.003 

Linear 6 38.492 6.415 5.1 0.003 

Inlet chamber 2 14.163 7.082 5.63 0.012 

Coanda radius 2 16.767 8.383 6.66 0.006 

Diffuser length 2 7.562 3.781 3 0.072 

Error  20 25.176 1.259 

Total 26 63.668   

  

 
Fig. 9: Residual plots for single head Coanda gripper 

 

The ANOVA table for single head Coanda gripper is presented in Table 3. The results predict that the P-value 

for the ejector is seems to be significant.  The residual plots are obtained to examine the goodness of model fit in 

regression and ANOVA as shown in Fig. 9. So, the variance taken for the model of planar Coanda gripper are said 

to be significant. 

 

C. Optimization using GA tool in MATLAB: 

Negative pressure distribution produced in grasping area of the gripper is an important factor for designing 

the gripper. This negative pressure varies according to various parameters. The geometric parameters that affect 

the performance of the single planar Coanda gripper such as diffuser length, Coanda curve, secondary inlet 

chamber. In this work, the optimal negative pressure distribution is formulated as a Genetic Algorithm 

optimization problem because the optimization problem involves one objective function.  

The analysis of the influence of various geometric parameters for single head planar Coanda gripper was 

done to get optimized values. The optimized results from GA tool as follows;  

An objective function expresses the main aim of the model which is either to be minimized or maximized. 

For single-head planar Coanda gripper the objective function is to maximize the negative pressure. A set of 

essential unknown design variables used to define the objective function (negative pressure) are Secondary inlet 

chamber(diameter), Diffuser length and Coanda curve which is defined in MATLAB as follows   

19mm ≤ Inlet chamber x(1) ≤ 21mm 

150mm ≤ Diffuser length x (2) ≤160mm 

3mm ≤ Coanda curve x (3) ≤ 5mm 
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The mathematical relationship for maximum negative pressure y (1) and input parameters - Inlet 

chamber(diameter) (x1), Diffuser length (x2), Coanda curve (x3) is established using design of experiment 

technique. 

 

Maximum negative pressure:  

y(1)=-108.7 - 0.53*x(1) + 8.02 *x(2) - 5.83 *x(3)- 0.0236 *x(1)*x(1)- 0.1394  *x(2)*x(2)- 0.789 *x(3) *x(3)- 

0.0053 *x(1)*x(2)+0.3054 *x(1)*x(3)+ 0.2037 *x(2)*x(3) 

The fitness plot and best individual plot for single head Coanda gripper obtained from the MATLAB is shown 

in Fig.10 and Fig.11 respectively 

 
Fig. 10: Fitness plot 

 
Fig. 11: Best Individual for single head Coanda gripper 

 

The maximum negative pressure -15.260 kPa was obtained under 20.99 mm inlet chamber radius,154.21mm 

diffuser length and 3.01Coanda radius for single head planar Coanda gripper. 

 
Table 4: Optimized responses from GA tool for planar Coanda grippers 

Gripper Secondary Inlet Chamber Diffuser Length Coanda Radius 
Max Neg. 
Pressure 

Single head Planar 

Coanda Gripper 
20.99mm 154.21mm 3mm -15.26kPa 

 

Conclusion: 

A computational study has been done to investigate the performance of the planar Coanda gripper. The effect 

of various geometric parameters on the performance of the Coanda ejector has been examined in order to obtain 

the optimal profile of the gripper. Two parameters have strong influence on the performance of the gripper. First 

parameter is Coanda curve radius of the gripper has a strong influence to increase the negative pressure. 
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Decreasing the Coanda curve radius led to enhanced mixing of primary and secondary air flow into the gripper. 

Another important parameter which has a strong influence on the performance of the gripper is the secondary inlet 

area. The performance factors for different diameters of the gripper differ much, the mixing layer was more 

developed for higher values of the diameters of the gripper. The range for these parameters are obtained.  

The optimal profile for single head planar Coanda gripper was obtained in order to obtain maximum negative 

pressure. The gripper profile with the secondary inlet radius 20.99mm, Coanda curve radius 3mm and diffuser 

length 154.21mm possess more efficient to get maximum negative pressure of -15.26kPa. 
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