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Abstract— This experiment is in concern to get optimum jet 

force and efficiency from different cross-sectional nozzles. 

The experiment has been performed on nozzles with 

different cross-sections. But the point that is key for this 

experiment is we have taken different tip shapes of nozzles 

but same cross-sectional areas and also flow rate. 

Rectangular, circular, elliptical, square, triangular are the 

cross-sections chosen to perform this experiment.  The 

edges of the nozzle tips are hemispherical finished to avoid 

losses, due to irregular edges. Also key point for this 

hemispheric edge finish is to protect the edges of nozzles 

from if any sudden high flow passes from the tip as because 

we have taken the nozzles with same conversion but they 

differs from their tip cross-sections. The conversion is as 

made such that it converse from 20mm to 14mm in span of 

50mm length. 
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I. INTRODUCTION 

Nozzles are used to increase or decrease velocity, pressure, 

mass flow rate, etc. Nozzles are briefly classified as 

conversing, diverging and conversing-diverging nozzles. 

Nozzle selection is based on criterion and function to be 

performed.  

Here, in this experiment as we were looking for 

maximum impact of jet to improve the efficiency. So, 

selecting converging nozzles is beneficial for the 

experiment. The entire experiment has been performed on 

converging nozzles with same conical conversion in same 

span of length. The only change that makes a nozzle 

different from another nozzle is one's tip cross-section. The 

whole experiment have been performed on nozzles with five 

different cross-sections as namely rectangular, square, 

elliptical, triangular and circular. All the nozzles have same 

cross-sectional area which leads to same flow rate from each 

nozzle as another. 

To perform the experiment, a  set up was made 

similar to the set up named "IMPACT OF JET ON 

VERTICAL FLAT PLATE" can be seen in the laboratories 

of FLUID MECHANICS of mechanical branch in 

engineering colleges. Set up contains a water storage tank 

(as experiment is performed on water as working fluid), 

water pump, flow control valve, circular flat plate, standard 

ruler, and etc. stuffs. Set up, works as water pump start 

operating and water as working fluid starts flowing via flow 

control valve used to control the flow rate of water 

manually, then working fluid passes from a converging 

nozzle and hits the centroid of the flat plate. Due to the 

impact of jet coming from the converging nozzle working 

fluid makes flat plate travels vertically upward supported via 

supporters and the variation in the height of flat plate 

measured by ruler leads to the measurement impact of jet.  

F=    𝜌𝐴𝑣2(cos 𝜃 + 1)  is the key to measure impact of jet. 

As mentioned above five cross-sectional nozzles 

(rectangular, square, triangular, elliptical, and circular) are 

converging from diameter of 20mm-14mm in span of 50mm 

length. All the nozzles are conical convergent. The tips are 

as in five different cross-sections namely rectangular, 

square, triangular, elliptical, and circular but have same 

cross-section area. The sharp corners of cross-sections as 

rectangular, square, and triangular are rounded or well 

finished to overcome the losses made due to sharp corners. 

II. DESIGN OF NOZZLE 

The tips are as in five different cross-sections namely 

rectangular, square, triangular, elliptical, and circular but 

have same cross-section area. The nozzle is made from 

aluminum in CNC machine 

 
Fig. 1: cross section of nozzles tip 

All nozzles have same cross section area (A= 50×10−6𝑚2). 

A. 2D DESIGN OF NOZZLE CROSS SECTION 

 
Fig. 2: 2D cross section of square tip 

 
Fig. 3: cross section of rectangular tip 
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Fig. 4: cross section of triangular tip 

 
Fig. 5: cross section of elliptical tip 

 
Fig. 6: side view of nozzles 

 
Fig. 7: top view of circular and triangular nozzle tips 

 
Fig. 8: top view of square and elliptical nozzle tips 

 
Fig. 9: top view of rectangular 

SQUARE L=7.09  

RECTANGULAR L=6.28 B=8 

TRIANGULAR A=10.78  

CIRCULAR D= 8  

ELLIPTICAL A=12 B=5.3 

Table 1: DIMENSION OF TIPS CROSS SECTION 

III. EXPERIMENT 

A. EQUIPMENT 

Hydraulic bench 

Impact of jet apparatus with flat deflector 

Stopwatch for timing the flow measurement 

B.  EQUIPMENT DESCRIPTION 

The jet apparatus is a clear acrylic cylinder, a nozzle, and a 

flow deflector. Water enters vertically from the top of the 

cylinder, through a nozzle striking a target, mounted on a 

stem, and leaves through the outlet holes in the base of the 

cylinder. An air vent at the top of the cylinder maintains the 

atmospheric pressure inside the cylinder. A weight pan is 

mounted at the top of the stem to allow the force of the 

striking water to be counterbalanced by applied masses. 
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Fig. 10: impact of jet apparatus 

C. THEORY 

The velocity of the water (v) leaving the nozzle with the 

cross-sectional area (A) can be calculated by: 

V= 
𝑄

𝐴
       (1) 

In which Q is the flow rate. 

Applying the energy equation between the nozzle 

exit point and the surface of the deflector shows that the 

magnitude of the flow velocity does not change as the water 

flows around the deflector; only the direction of the flow 

changes. 

Applying the momentum equation to a control 

volume encompassing the deflected flow results in: 

𝐹 = 𝜌𝑄𝑣(cos 𝜃 + 1)      (2) 

Where: 

Fy:  force exerted by the deflector on the fluid 

ῤ:  fluid density 

 
Fig. 11: flat deflector 

From equilibrium of forces in a vertical 

direction, Fy is balanced by the applied weight on the weight 

pan, W  (W = mg, where m is the applied mass), i.e., Fy = 

W. Therefore: 

Since Q = vA, this equation can be written as: 

W=  𝜌𝐴𝑣2(cos 𝜃 + 1)     (3) 

IV. RESULT 

Velocity square versus weight data table and graph 

v2 ×107    versus weight, where W=mg and   V=   

velocity  square 

verses weight ghaph.xlsx
 

 
Table 2: Velocity square and weight 

 
Fig. 12: Velocity square and weight graph 

Force of water (momentum) on deflector data and graph, 

MOMENTUM CHART 

AND GRAPH.xlsx
 

 
Table 3: momentum data table 

 
Fig. 13: momentum graph 
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V. CONCLUSION 

The observation from experiment and calculation above five 

cross-sectional nozzles (rectangular, square, triangular, 

elliptical, circular) are converging from diameter of 20mm-

14mm in span of 50mm length. All the nozzles are conical 

convergent. The tips are as in five different cross-sections 

namely rectangular, square, triangular, elliptical, and 

circular but have same cross-section area. From all above 

nozzles, elliptical tip nozzle has better efficiency and the 

triangular tip nozzle has worse efficiency. 
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