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Abstract— In this research paper CFD analysis is carried out 

of a hot horizontal surface. A horizontal hot plate of 

0.25mm thickness at 450◦C initial temperature has been 

quenched by round water jet of 3mm diameter. The 

Reynolds number is between 3370-24556. The water jet of 

3mm diameter impinges normal to the test section of steel. 

The investigations are made up to 20mm downstream 

location in upper sides of the stagnation point. It has been 

observed that during transient cooling, the wetting front 

velocity increases with the rise in jet velocity and wetting 

delay decreases with the rise in jet velocity. However 

rewetting velocity reduces drastically for the extreme 

downstream locations away from the stagnation point. And 

wetting delay increases drastically with the rise in jet 

velocity. 
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I. INTRODUCTION 

Water jet impingement surface cooling is being used for 

surface quenching in several industries due to its capability 

of high heat transfer rate. There are various industrial 

applications that need rapid surface quenching e.g., metal, 

nuclear, electronics. In metal industries the rapid quenching 

is desired for controlling the surface properties, in nuclear 

reactor rapid cooling is part of emergency core cooling 

system (ECCS). During the loss of coolant accident 

condition the clusters of clad tubes consisting of fuel rods 

become over heated even after the closure of reactor. In 

nuclear reactor, ECCS is provided to cool the overheated 

clad tubes to avoid the accidents. In electronics industries 

this technique is used for enhance the life of electronic 

components. This technique is also used in various minor 

industrial applications e.g., cooling of different sections of 

the engine, cooling of turbine blades, drying of films, etc. 

 
Fig. 1: Rewetting process [13] 

The performance of surface quenching under 

transient condition is evaluated on the basis of rewetting 

velocity or wetting front progression over the hot surface. 

The rewetting velocity is the measure of rapidity of surface 

quenching or how quickly hot surface attains the rewetting 

stage. The rewetting is considered as the point of sharp drop 

in surface temperature during transient cooling of a hot 

surface. In fact the sharp drop in surface temperature is the 

beginning of wetting front movement on the hot surface and 

the speed of wetting front progressing over the hot surface is 

known as rewetting velocity. The rewetting velocity is 

evaluated by determining the time taken for rewetting to 

occur between two marked locations on the hot surface. 

II. JET IMPINGEMENT ON FLAT PLATE 

The rewetting velocity increases with the increase of liquid 

subcooling, pressure, flow rate, jet velocity and the jet 

diameter [1-3, 4-7]. However, decreases with the rise in 

initial surface temperature and input heat [8,9,10]. It has 

been reported that the effect of jet flow rate on the wetting 

front velocity is more for the surface of lower initial 

temperature than for the surface of higher initial 

temperature. The rewetting velocity for horizontal tubes is 

found nearly 20–30 % lower as compared to with vertical 

tubes [9]. The surface roughness increases the wetting front 

velocity due to increase in rate of heat transfer [11]. 

Mitsutake and Monde [10], observed that on the hot copper 

surface wetting front movement is slower as compared to 

the steel surface, due to higher thermal inertia of copper, 
ρCp

k
. Xu and Gadala [12] also reported that the wetting front 

velocity is higher for SS-316 surface as compared to the 

DQSK steel surface. This finding is in agreement to the 

Mitusutake and Monde [10] results, as the SS-316 surface 

has higher thermal conductivity as compared to the DQSK 

steel [10, 12].  

From this literature review, it is observed that there 

is need to develop the CFD model for jet impingement 

process. Various experimental investigations for jet 

impingement hot surface cooling are available to evaluate 

the quenching performance. theoretical investigations using 

CFD are very scanty and these investigations are available 

for the steady state condition. CFD analysis for transient 

condition is not available for the steel surface 

In the industrial applications without performing or 

installing a real system of jet impingement cooling, 

simulation can forecast which changes in the parameter are 

most vital for improving transient cooling of hot surfaces. 

CFD will foresee the performance of jet impingement 

cooling before adapting and execution in system. CFD 

modelling will give precise and detailed information about 

optimization of parameters used for jet impingement 

cooling. CFD modelling will save cost and turnaround time 

for execution in system. It will procure the reliable results 

also. The places which are hazardous for the humans, this 

technique will foresee the performance. 

A. Objectives- 

1) Develop a computational fluid dynamics model for jet 

impingement hot surface cooling process using ANSYS 

software. 



Effect of Varying Jet Velocity on Wetting Delay and Rewetting Velocity through CFD Analysis 

 (IJSRD/Vol. 8/Issue 9/2020/040) 

  

 All rights reserved by www.ijsrd.com 175 

2) To investigate the effect of various operating 

parameters on hot surface quenching using the 

developed model. 

III. MATERIALS AND METHODS- 

 The Jet impinges on the hot horizontal surface. The 

diameter of jet is 3mm. The distance from the jet exit to 

target spacing is fixed and it is 12mm. The plate material is 

steel. The plate size is 50mm*50mm. In this CFD analysis 3 

jet velocity have been used- 1m/s, 3m/s, 7.2m/s. The coolant 

fluid is water. Water temperature is 24◦C. the temperature of 

hot plate is 450◦C.  

 

 
Fig. 2: Schematic diagram of jet impingement 

A. Materials- 

Selection of material for plate depends upon corrosiveness 

of the fluid, working temperature and pressure. On studying 

the properties of various materials along with keeping in 

mind the economic viability and seeing advantage over 

other materials the selection of material for plate is done. 

The selection of material for plate is also viewed by taking 

into account the thermal conductivity and comparing it with 

various other material. From, the literature review it was 

found that. Therefore, the material selected for the design of 

plate was stainless steel, as it offers advantages over other 

materials. It has properties like:- great formability and 

durability, good tensile and yield strength and good thermal 

conductivity. The tensile strength of steel is comparatively 

high, making it highly resistant to fracture or breakage. It 

has ability to change shape on the application of force to it, 

without resulting in a fracture. This property is known as 

ductility, which enables it to be used in the making of 

different shapes and structures ranging from thin wires or 

large automotive parts and panels. Malleability is closely 

linked with ductility, and allows steel to be deformed under 

compression. It is long-lasting and greatly resistant to 

external wear and tear. Steel is a good conductor of heat and 

electricity. Steel is its attractive outer appearance. It is 

silvery in color with a shiny, lustrous outer surface. Stainless 

steel for instance contains nickel, molybdenum and 

chromium which improve its ability to resist rust. 

B. Procedure of CFD Analysis- 

The flow chart of the procedure of my proposed work: - 

 
Fig. 3: Flow chart of CFD procedure 

The CFD procedure for analysis of jet impingement surface 

cooling can be divided into six stages: 

1) Problem modeling - It is very important to understand 

the problem to be simulated clearly in order to define 

the problem accurately. In this stage, all the necessary 

data required for simulation of jet impingement cooling 

technique will be collected and the detail about the 

geometry, fluid properties, flow specification, initial 

and boundary condition will be collected.  

2) Geometry creation - In this stage, the geometry of 

domain on which simulation is performed is modelled 

in a Design module of the fluent. The geometry of plate 

and jet is be modelled in the design module. 

Dimensions is given to the geometry.  

 
Fig. 4: Geometry 

3) Mesh generation – In this stage, the continuous domain 

of geometry is sub- divided into grid of points or mesh 

using a series of coordinates for points in mesh which 

are related to each other to define the volume, also 

known as cell or element. It has distributed these points 

in flow domain which defines the position where the 

flow variables is be stored. The geometry is be meshed. 
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Fig.5  Meshing 

4) Flow specifications – When the mesh is created in the 

domain, boundaries of computational domain is be 

found and necessary boundary condition determined in 

initial phase is applied. These conditions are being 

combined with initial condition and fluid parameters 

specify the actual flow problem which is to be solved. 

The boundary conditions is be given – initial surface 

temperature, coolant flow rate, jet velocity, coolant 

temperature etc. In the setup stage there are various 

conditions which is assigned to the designed geometry- 

Type of Model like: - multiphase model, energy model, 

viscous model- realizable k-e standard wall function, 

species transport model and Type of material like:- 

steel, etc. and type of boundary conditions.  In the 

boundary conditions, each part of designed geometry 

will be assigned boundary conditions like: - inlet 

velocity inlet, outlet pressure outlet. 

 
Fig. 4: Set up conditions 

5) Calculations of numerical solution – When all the 

necessary information which is required for the 

simulation is specified, iterative calculation is 

performed by CFD software to arrive at a solution.  

6) Result analysis - After the solution is obtained, we have 

analyzed the results to check the solution is satisfactory 

and to determine the required flow data. The 

temperature time plot is be obtained by the software and 

the rewetting velocity will be calculated on the basis of 

this plot.  

IV. RESULTS AND DISCUSSION- 

The CFD results reported in this paper are based on water jet 

impingement transient cooling of hot horizontal surface. The 

table shows operating data for CFD analysis which is given 

below: - 

Parameter Value 

Initial surface temperature 450◦C 

Water jet temperature 24◦C 

Thickness of the test surface 0.25mm 

Material of the test surface Steel 

Spatial locations 0, 5, 10,15,20mm 

Jet Reynolds number 3370-24556 

Jet velocity 1.0, 3.0, 7.2 m/s 

Mass flow rate 0.5, 1.5, 3.0 lpm 

Jet exit to target spacing 12 mm 

Table 1: Operating Data for CFD Analysis 

The temperature contours that are obtained from 

the CFD analysis which have shown in figure below at 

different time:- 
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Fig. 5: Temperature contours at (a) 0 sec. (b)1 sec.(c) 2 

sec.(d)3 sec.(e) 4 sec. (f) 5 sec. 

The temperature- time plot at jet velocity 1m/s 

shown in figure below: - 

 
Fig. 6: Temperature- time plot at jet velocity 1.0 m/s 

The temperature-time plot at 3m/s shown in figure 

below: - 

 
Fig. 7: Temperature – time plot at jet velocity 3m/s 

The temperature-time plot at jet velocity 7.2m/s 

shown in figure below: - 

 
Fig. 8: Temperature-time plot at jet velocity 7.2m/s 

It has been observed that when increases the jet 

velocity then wetting delay reduces respectively. The 

wetting delay- spatial location plot has shown in figure 

below- 
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Fig. 9: wetting delay-spatial location plot 

It has been investigated when increases the jet 

velocity then rewetting velocity increases respectively. The 

rewetting velocity- spatial location plot has shown in figure 

below:- 

 
Fig. 10: Rewetting velocity-spatial location plot 

From the result it has been cleared that rewetting 

velocity reduces drastically for the extreme downstream 

locations away from the stagnation point. and wetting delay 

increases drastically with the rise in jet velocity. 

V. CONCLUSIONS:  

It has been observed that during transient cooling, the 

wetting front velocity increases with the rise in jet velocity 

and wetting delay decreases with the rise in jet velocity. 

Howev er rewetting velocity reduces drastically for the 

extreme downstream locations away from the stagnation 

point. and wetting delay increases drastically with the rise in 

jet velocity. 

REFERENCES 

[1] Akmal M, Omar AMT, Hammed MS (2008) 

Experimental investigation of propagation of wetting 

front on curved surfaces exposed to an impinging water 

jet. Int J Microstruct Mater Prop 3:654–681  

[2] Agrawal C, Kumar R, Gupta A, Chatterjee B (2016) 

Determination of rewetting velocity during jet 

impingement cooling of hot vertical rod. J Therm Anal 

Calorim 123:861–871 

[3] Mozumder AK, Woodfield PL, Islam MA, Monde M 

(2007) Maximum heat flux propagation velocity during 

quenching by water jet impingement. Int J Heat Mass 

Transf 50:1559–1568 

[4] Agrawal C, Kumar R, Gupta A, Chatterjee B (2015) 

Rewetting of hot vertical rod during jet impingement 

surface cooling. Heat Mass Transf. doi:10.1007/s00231-

015-1637-9  

[5] Ueda T, Inous N (1984) Rewetting of a hot surface by a 

falling liquid film-effects of liquid sub-cooling. Int J 

Heat Mass Transf 27:999–1005  

[6] Filipovic J, Incropera FP, Viskanta R (1995) Rewetting 

temperatures and velocity in a quenching experiment. 

Exp Heat Transf 8:257–270  

[7] Karwa N, Roisman TG, Stephan P, Tropea C (2011) 

Experimental investigation of circular free-surface jet 

impingement quenching: transient hydrodynamics and 

heat transfer. Exp Therm Fluid Sci 35:1435–1443 

[8] Hammad J, Mitsutake Y, Monde M (2004) Movement 

of maximum heat flux and wetting front during 

quenching of hot cylindrical block. Int J Therm Sci 

43:743–752 

[9] Raj VV (1983) Experimental investigation on the 

rewetting of hot horizontal annular channels. Int 

Commun Heat Mass Transf 10:299–311  

[10] Mitsutake Y, Monde M (2001) Heat transfer during 

transient cooling of high temperature surface with an 

impingement jet. Heat Mass Transf 37:321–328 

[11] Dua SS, Tien CL (1978) An experimental investigation 

of falling-film rewetting. Int J Heat Mass Transf 

21:955–965  

[12] Xu F, Gadala MS (2006) Heat transfer behavior in the 

impingement zone under circular water jet. Int J Heat 

Mass Transf 49:3785–3799 

[13] Agrawal, C. (2019). Surface quenching by jet 

impingement- A Review. Steel Research International  

90: 1-22 


