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Abstract 

Jet impingement heat transfer is of special interest to engineers due to attainment of 

very high heat transfer coefficients in the impingement zone. Despite several applications in 

industry, jet impingement on cylindrical surfaces has not been studied adequately in the past. 

The main objective of the present work is to investigate heat transfer from a circular cylinder 

due to impingement of a turbulent air jet. With the prime focus on cooling of a cylinder 

subjected to constant heat flux condition, the following five problems were considered: (i) 

single jet impingement with jet from a circular nozzle (ii) single jet impingement with 

circular, square and rectangular nozzles of equal hydraulic diameter (iii) single circular jet 

impingement with a semi-cylindrical concave confinement at the bottom of the target surface 

(iv) double jet impingement with circular nozzles (v) double jet impingement with circular 

nozzles and a flow confinement below the cylinder. All the above problems were investigated 

both experimentally and numerically. For the experimental study, a set-up was established 

specifically for the purpose and extensive experimentation carried out for each of the five 

cases mentioned above. The numerical study was carried out using a commercial software 

FLUENT for three dimensional simulation of the turbulent flow and heat transfer with two-

equation turbulence models. 

Extensive experiments were conducted for single jet impinging on a cylinder with 

constant wall flux. Based on the experimental results, a correlation for the stagnation Nusselt 

number has been presented. In order to understand the effect of nozzle shape on heat transfer 

characteristics, experiments were carried out with circular, square and rectangular nozzles of 

same hydraulic diameter. The comparison between the nozzles was carried out in two sets of 

operating conditions: (i) with the same average velocity through each nozzle and hence same 

Reynolds number, Rehyd and (ii) with the same air mass flow rate through each nozzle, 

resulting in the same value of a modified Reynolds number hydRe . In the case of fixed 
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Reynolds number for all nozzle shapes, the stagnation Nusselt number was higher when the 

rectangular nozzle was used as compared to the other two nozzle shapes. On the other hand, 

for the case of fixed mass flow rate, the circular nozzle was found to give higher Nusselt 

number. The effect of nozzle shape was found to be significant only in the jet impingement 

region.  

In the case of single jet impingement of a cylinder, the bottom half is not cooled 

properly. In order to enhance the heat transfer coefficient in this part,  a semi-cylindrical 

concave confinement of radius Rc was used below the heated cylinder. Based on the 

experimental study carried out with three sizes of the confinements, the smallest size 

considered was found to be effective in enhancing the average Nusselt number. Experiments 

for different Reynolds numbers and also different values of the distance between the nozzle 

and the target surface showed that the maximum enhancement in average Nusselt number  is 

around 16%. The effect of confinement was also found to be more significant at lower 

Reynolds number.  

In many industrial applications, single jet cooling of cylindrical surface may not be 

sufficient and hence, double or multi-jets are used. In the present work, experiments were 

carried out with double jets impinging on a circular cylinder.  In the region between the two 

impingement points, almost uniform distribution of local Nusselt number was observed for a 

certain range of distance between the jets. Experiments with double jets were also performed 

along with the concave confinement below the target cylinder. 

For all the above problems, numerical simulations were also carried out for different 

values of Reynolds numbers, spacing between nozzle and other parameters relevant to each 

problem. Before investigating the first problem, a numerical study was carried out to identify 

the two-equation turbulence models suitable for the configuration under consideration. For 

this, the cooling of a circular target cylinder subjected to a constant wall temperature using 
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impingement of a circular jet was simulated. The work was restricted to two-equation models 

since these models are used widely due to less computational time required by them as 

compared to the more advanced models or techniques for simulating turbulent flows. The 

investigation covered various two equation models including  the standard k-, standard k-, 

RNG k-, Realizable k-, SST k- and four low Reynolds number k- turbulence models. 

The numerical results were compared with the experimental results available in the literature. 

Even though none of the two-equation models could predict the stagnation point Nusselt 

number accurately for the range of parameters studied,  the predictions of the local Nusselt 

number by the RNG k- model was found to be  better than the other two-equation models 

for some cases. Similar study using various two- equation models was also carried out for the 

case of the target cylinder subjected to constant heat flux condition. The simulations results 

were compared with the experiments conducted as part of this work. Again, the RNG k-

turbulence model was found to be better than other models and hence this model was used 

for subsequent simulations. 

For the cases of cylinder subjected to constant wall flux, the comparison between 

measured wall temperature and the simulated values was better than the comparison between 

the corresponding Nusselt numbers. Also, in almost all cases, the trends predicted by the 

simulation were very similar to those observed experimentally. Thus, despite the limitations 

of the two-equation models in predicting circulating flows, it was shown that the models can 

be used for getting broad estimates of target temperatures for the impinging flows.  
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