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ABSTRACT 

Liquid jet impingement is an efficient technique for 

various industrial applications like Turbine blade 

cooling, Metal annealing, Textile drying, Electronic 

equipment. Thus study of various parameters to 

enhance heat transfer in liquid jet impingement 

becomes important. Heat transfer rate in liquid jet 

impingement can be enhanced by changing different 

parameters like jet inclination angle, nozzle to 

spacing distance, flow rate, use of multiple jet 

impingement, changing surface roughness and by 

using fluid which is having high thermal conductivity. 

Nanofluids are fluid having high thermal conductivity 

compared to conventional fluids like water. Effects of 

these parameters on heat transfer rate are discussed 

in detail in this paper from various researches going 

on.  

 

KEYWORDS: Liquid jet impingement, Heat transfer 

rate, Nanofluids, Applications of Liquid jet 

impingement. 

 

1. INTRODUCTION 

Recent technological developments in the 

various fields need efficient cooling 

techniques. The heat transfer process can be 

improved by means of active and passive 

techniques. Active techniques are 

mechanical agitating, rotating, vibration and 

use of electrostatic or magnetic fields. These 

techniques required external energy input is 

costly. In critical operations it is 

inconvenient. Passive techniques include 

methods to modify the fluid properties, 

surface shape, roughness or external 

attachments to increase the surface area, and 

make the flow turbulent. Impinging of liquid 

jet on a surface to remove heat from surface 

is an effective method for high heat flux heat 

transfer. In recent years, the use of jet 

impingement as a high performance 

technique for local heating or cooling a 

surface has become a well-established 

method because of its high heat transfer 

rates and its simplicity in application to a 

variety of industries. The applications of the 

impingement technique are numerous which 

include drying of paper, textiles, annealing 

of metals, tempering of glass, cooling of 

electronic equipment and freezing of tissue 

in cryosurgery. Due to broad industrial uses 

of the impinge jets extensive research has 

been conducted to investigate the 

hydrodynamic and thermal characteristic of 

such jets. Heat transfer rate in liquid jet 

impingement can be enhanced by using 

different passive techniques changing are 

discussed in this paper. Liquid jet on a 

surface can be widely classified into two 

configurations, namely submerged and free 

surface jet. A submerged jet is discharged 

into fluid of the same type. On the other 
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hand, a free surface jet is that jet which 

moves in a medium different from that of 

the jet. A water jet discharged in air is a free 

jet while air jet discharged in air is a 

submerged jet.  

When jet of water falls on horizontal 

plate it spreads in the form of thin film. At 

the some distance from the stagnation point 

its depth increases suddenly. This is called 

as hydraulic jump. Depth is observed much 

larger at outside of jump compared to inside. 

This is because Froude no outside the jump 

is small compared to inside jump. Maximum 

heat transfer rate is obtained within inside 

area. So that in practical application we have 

to obtain such a flow conditions that we can 

obtain maximum area before hydraulic 

jump. Parameters which affect this area 

bounded are flow rate and jet inclination 

angle are discussed in this paper. Other 

parameters like surface roughness jet to 

nozzle spacing are also discussed. 

 

2. EFFECT OF PARAMETERS ON 

LIQUID JET IMPINGEMENT 

Mohamed A. Teamah et al [1] 

carried out experimentation to determine the 

effect of flow rate on hydraulic jump profile. 

Water flow rate is varied from 2 to 5 lpm. 

Nozzle to target spacing is kept constant i.e. 

30 mm. nozzle is having circular shape and 

5.5 mm in diameter. Jet is impinging on 

horizontal surface vertically. The 

experimentation shows that area bounded by 

hydraulic jump profile is of circular shape. 

As the water flow rate increases from 2 to 5 

lpm, the hydraulic jump radius increases 

230%. 

R.P Kate et al [2] carried out 

experimentation with inclined jet with 

various jet angles. This inclined jet with 

varying jet angles form non-circular 

hydraulic jump profiles. Further study shows 

that these jump profiles can be grouped into 

two categories. Jump with                 

                       <Ø≤     ) and another 

jump with                        ≤             

                                       

                    Ø≤     )            

                               < Ø<    ) 

jumps with elliptical shape are formed. 

Circular jumps are form when jet is vertical. 

Thus jet inclination angle has significant 

effect on hydraulic jump profile. 

Chitranjan Agarwal et al [3] 

investigated effect of nozzle exit to surface 

spacing on the cooling of electrically heated 

surface with jet impingement. 

Experimentation consists of water jet 

im                                        

     C. Varying surface temperature is 

recorded at stagnation point with respect to 

time. D=diameter of jet=2.5 mm. 

Temperature of jet water is 22    C. Flow 

rate is to be kept 2.75 lpm. Spacing between 

jet exit & su                                 

        -                             

                                       

                                          

                                               

     -                                      

     C from 8                                

     -                                     

                                            

                                              

     C is 1.15 Sec. Thus at high surface 

temperature at Z/D=4 cooling is delayed by 

15% as compared to higher nozzle exit to 

surface spacing.  

J.H lienhard V and J. Hadeler [4] 

carried out study to determine the 

effectiveness of jet array on flux cooling in 

liquid jet impingement. High speed water 

jets are effective to remove fluxes as high as 

400 MW/   over small areas. If large area 

is considered then jet arrays have proven to 

be useful. This experimentation consists of 

array of fourteen, 2.87 mm ID nozzles on 10 
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mm centers to produce 47 m/s water jets 

impinging on an area of 10   . Results of 

experimentation shows that jet array 

removed fluxes up to 17 MW/   only by 

forced convection. The associated heat 

transfer coefficients was to be measured 220 

kW/  . 

Gabour and Linhard [5] measured the effect 

of varying wall roughness on stagnation 

point Nusselts number. Here jet is fully 

developed turbulent cold water jet. 

Experimentation consists of mild steel 

surface having cross hatch pattern. 

                K      7 ≤ K ≤          

Nozzles used are having diameter D=4.4, 

6.0, 9.0 mm and Reynolds no from 20000 to 

84000. The Prandtl number is held between 

8.2 and 9.1. Graph is plotted Reynolds 

number against Nusselts number. Nusselts 

number is greatly affected by Reynolds 

number and dimensionless roughness 

K*=K/D. For higher value of K* Nusselts 

number is higher and for lower value of K* 

Nusselts number is smaller. Results show 

that roughness of 28 um rms height could 

raises the Nusselts number by up to 50%. 

Since different research teams used different 

particle sizes and conducted their studies 

under various conditions, it is difficult to 

determine the effect of molecular materials 

just on the improvement of heat 

conductivity. It is evident from Wang et al 

[6] researchers.  

It is possible to produce high heat 

flux transmission by impinging a fluid jet 

onto a material to remove heat. Due to its 

high rate of heat transmission and simplicity 

of application across numerous industries, 

boundary layer flow has recently gained 

substantial favour as a high-performing 

approach for local central heating of a 

material. Impingement techniques can be 

used for a variety of operations, including 

the chilling of electronic equipment, the 

annealing of metals, the drying of paper, the 

tempering of glass and textiles, and the 

chilling of tissue during cryosurgery [7]. 

Mostafa Jalal et al. conducted an 

experimental test to determine the effect of a 

CuO/water nano-fluid alone on convective 

heating of a heat sink inside the laminar 

regime. They found that the heat transfer 

coefficient also grew when the volume 

proportion of nanoparticles rose [8]. 

Consequently, understanding the 

causes of and magnitude of splash is a key 

component of the design of the jet cooling 

system (Lienhard et al., 1992). When 

impinging jets are employed in clean-room 

settings (such as silicon chip production) to 

remove post-etching debris, spilled liquid 

can cause airborne contamination that 

results in faults on the chip surface. The 

splattered drops from the usage of toxic 

chemicals to form metal can produce a 

hazardous aerosol, making its regulation 

expensive [9]. 

The two parts of the process are indicated by 

the name; the first stage involves the 

production of the nanoparticles, and the 

second stage entails their scattering in the 

base Fluid. Depending on the kind of 

nanoparticles to be used, the first phase is 

typically carried out using material fume 

testimonies and passive gas accumulation 

[9]. This technology is less expensive to 

transmit nanofluids due to the proactive rise 

in company nano-powder manufacture in the 

latter contact [10]. 

 

3. CONCLUSION 

From the above review, the following 

conclusions can be drawn.  

1. As the flow rate increases hydraulic jump 

radius increases. 

2. As the flow rate increases film thickness 

decreases. 

3. Profile of jump is of circular shape when 
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jet inclination angle is                     

                                      <     . 

4. Nozzle to surface spacing distance is not 

that much considerable when surface 

temperature drop is larger but it affects 

when there is small surface temperature 

drop. 

5. To remove heat fluxes from large surface 

area, Jet array is an effective technique. 

6. Heat transfer characteristics of surface are 

affected by surface roughness. 
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