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Abstract. This study is to investigate the effectiveness of jet impingement cooling system on the 

turbine blade pressure side. The objective of this study is to determine the mass blowing rate 

referred to Reynolds number and the nozzle exit to surface distance which will produce the highest 

cooling effectiveness which will be shown as Nusselt number. A model of CF6-50 blade is made 

from mild steel and an experiment to study the jet impingement cooling effectiveness on the 

pressure side of turbine blade is conducted. The parameters that are included in the experiment are 

the Reynolds number, Re = 646, 1322, 1970 and 2637; and nozzle exit to surface distance, s/d = 4.0 

cm, 8.0 cm and 12.0 cm. The results obtained are calculated and graphs for each experiment are 

made. The result shows that the jet impingement cooling effectiveness are the highest at where the 

nozzle is pointed and the cooling effectiveness decreases as it travels further away on the blade. The 

theory of jet impingement cooling is presented and the several factors that affect jet impingement 

cooling are also discussed.  

Introduction 

Jet impingement is an attractive cooling mechanism due to the high heat and mass transfer rate it 

can produce [1]. This cooling method has been used in a wide range of industrial applications such 

as annealing of metals, cooling of gas turbine blades, cooling in grinding processes [2] and cooling 

of photovoltaic cells [3]. Jet impingement has also become a viable candidate for high-powered 

electronic and photonic thermal management solutions and numerous jet impingement studies have 

been aimed directly at electronics cooling. This research is aimed at investigating the effect of jet 

impingement cooling on the pressure side of turbine blade. The effectiveness of jet impingement 

cooling system can be tested by using several parameters such as mass blowing rate which refers to 

Reynolds numbers, angle of impingement, diameters of nozzle, nozzle to surface distance and other 

relevant parameters. For the purpose of this research the effect of mass blowing rate which refers to 

the Reynolds number and the distance between the nozzles to the surface distance on the 

effectiveness of jet impingement cooling system will be investigated [4].  

The study on jet impingement has been an area of interest for many researchers though those 

studies are mainly based on the heat transfer and flow characteristics for a flat surface. The studies 

done involves the use of Reynolds number, distance between nozzle exit to surface distance, nozzle 

geometry, angle of impingement and other parameters. However, there are few research that are 

focused on the pressure side of the turbine blade. In order to increase the effectiveness of the jet 

impingement, some parameters need to be considered [5,6]. This research will be focused on the 

effectiveness of the jet impingement cooling system on the pressure side of the turbine blade, based 

on the mass blowing rate and nozzle exit to surface parameters. 

Jet impingement cooling systems are used in various applications. Some applications that apply 

this concept are the turbine blade, food industry, electronic components and others. These 

applications show that the concepts of jet impingement cooling system are used widely due to its 

effectiveness. For this purpose, in this research it will focus on the effectiveness of jet impingement 

cooling system on turbine blade pressure side surface [6,7]. The research on the effectiveness of jet 
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impingement cooling will be done by doing an experiment. The results from this experiment can be 

used by other researchers to conduct another experiment related to the turbine blade pressure side 

surface.  

Material and Method 

 In this research, experimental study was used in order to determine effectiveness of jet 

impingement cooling system on a turbine blade pressure side by using two variable parameters 

which are mass flow rate that refer to Reynolds number and nozzle exit to surface spacing, s/d. In 

this experiment model, a major components that involve including a compressor, nozzle, CF6-50 

Turbine Blade model, cylinder cover and heater. These components are used as a part to investigate 

effectiveness of jet impingement cooling system on a turbine blade pressure side. Figure 3.1 shows 

experimental set up. Referring to this experiment, compressor will release air to pass through the 

nozzle and then this air will impinge to the pressure side surface. At the bottom of turbine blade 

there will be a heater that will heat the surface. For the apparatus used in this experiment, it 

encompasses nozzle, compressor, thermocouple, pressure regulator, anemometer, heater and 

scanning thermocouple thermometer. In general, jet flow structure can be classified into free jet, 

stagnation flow and wall jet region as shown on Figure 1. Figure 2 shows the position of 

thermocouples. 

 

 
Figure 1. Schematic diagram of flow region around an impingement system 

 

 
Figure 2. Thermocouple positions 

Results and Discussion 

This section will discuss the result of the experiment and the data analysis that has been done based 

on the result. The data obtained from the experiment will be used to calculate the heat transfer 

coefficient, Nusselt number and Reynolds number (Table 1–6). The experiment is repeated twice to 

reduce error.  
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Table 1. Experiment result for case s/d = 4 

Thermocouple Reynolds number 

646 1322 1970 2637 

Heat transfer rate 

T1  1.86  5.93  10.06  13.72  

T2  2.18  4.32  10.06  15.40  

T3  2.42  5.62  11.24  19.65  

T4  2.29  4.10  7.70  10.43  

T5  2.42  4.32  5.95  9.89  

 

Table 2. Experiment result for case s/d = 8 

Thermocouple Reynolds number 

646 1322 1970 2637 

Heat transfer rate 

T1  1.86  6.26  8.56  13.72  

T2  2.06  3.89  4.50  13.72  

T3  2.29  5.33  10.06  16.33  

T4  1.96  3.51  6.94  9.89  

T5  2.18  3.16  5.37  9.89  

 

Table 3. Experiment result for case s/d = 12 

Thermocouple Reynolds number 

646 1322 1970 2637 

Heat transfer rate 

T1  1.76  5.62  7.31  12.98  

T2  1.96  3.51  7.31  14.53  

T3  1.86  5.05  8.12  15.40  

T4  1.76  2.84  6.60  9.38  

T5  1.86  3.00  4.84  9.38  

 

Table 4. Experiment result for case s/d = 4 

Thermocouple Reynolds number 

646 1322 1970 2637 

Nusselt Number  

T1  13.29  42.52  72.42  98.00  

T2  15.57  30.98  72.42  110.00  

T3  17.29  40.30  80.91  140.36  

T4  16.36  29.40  55.43  74.50  

T5  17.29  30.98  42.83  70.64  

 

Table 5. Experiment result for case s/d = 8 

Thermocouple Reynolds number 

646 1322 1970 2637 

Nusselt Number  

T1  13.29  44.89  61.62  98.00  

T2  14.71  27.89  32.39  98.00  

T3  16.36  38.22  72.42  116.64  

T4  14.00  25.17  49.96  70.64  

T5  15.57  22.66  38.66  70.64  
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Table 6. Experiment result for case s/d = 12 

Thermocouple Reynolds number 

646 1322 1970 2637 

Nusselt Number  

T1  12.57  40.30  52.62  92.71  

T2  14.00  25.17  52.62  103.79  

T3  13.29  36.21  58.45  110.00  

T4  12.57  20.36  47.51  67.00  

T5  13.29  21.51  34.84  67.00  

 

 

 Based on the tabulated table, the nature and condition pattern of the jet impingement cooling 

system can be observed. From the Table 1 at nozzle exit to surface distance s/d = 4 cm, it is seen 

that when the Reynolds number increases, the temperature decreases. Furthermore, the temperature 

patterns shows that the thermocouple T3 which is directly underneath the nozzle will achieve the 

lowest temperature. As the distance from the centre increases, the temperature increases, with 

thermocouple T5 showing the highest temperature. This phenomenon repeats itself when the nozzle 

exit to surface distance s/d is change to 8 cm and 12 cm. By comparing each graph of the different 

s/d, it is shown that s/d = 4 cm with Reynolds number 2637 produces the lowest temperature 

compared to other settings. 

 From the tabulated Table 4 for Nusselt number at nozzle exit to surface distance s/d = 4 cm, it is 

seen that when the Reynold number increases, the Nusselt number also increases. The table also 

shows that the closer the distance of thermocouple to the centre of the blade, which is where the 

nozzle is pointed, the higher the Nusselt number will be. The results repeat itself for the other values 

of nozzle exit to surface distance s/d. In terms of nozzle exit to surface distance, the overall highest 

Nusselt number is produced when s/d = 4 cm, followed by s/d = 8 cm and finally s/d = 12 cm. This 

shows that when surface spacing increases, the Nusselt number will decrease and the heat loss to the 

surrounding will decrease.  

 In terms of Reynolds number, the highest Nusselt number is produced when Reynolds number, 

Re = 2637, followed by 1970, 1322 and lastly 646. From the results, when Reynolds number 

increase, the Nusselt number will increase as well. This shows a relationship between Reynolds 

number and Nusselt number and it can be said that they are directly proportional together. In terms 

of effectiveness, the highest Nusselt number of 140.36 is obtained at thermocouple position T3 

when nozzle exit to surface distance s/d = 4 cm and Reynolds number, Re = 2637. The lowest 

Nusselt number of 12.57 is obtained at thermocouple T1 and T4 when nozzle exit to surface 

distance s/d = 12 cm and Reynolds number, Re = 646. 

 The variation of Nusselt number values are tied to the heat transfer rate. When the heat transfer 

rate increases, then the Nusselt number would also an experience increase. From the experiment, the 

heat transfer rate is affected by Reynolds number and the nozzle exit to surface distance s/d. In term 

of mass flow rate, it can be concluded that mass flow rate depends on Reynolds number. When the 

mass flow rate increased, Reynolds number will increased as well. The position relative to where 

the nozzle is pointed also affects the Nusselt number as all the readings at thermocouple T3 

produces a larger Nusselt number. This is due to the fact that air from the nozzle will impact at T3 

and creates a stagnation region. The jet velocity is the highest here and thus the heat transfer rate is 

also the highest. As the air flows away from the stagnation region and into the wall jet region, the 

velocity will decrease and the heat transfer rate will decrease as well.  

Conclusions 

The experiment was done successfully and the data were used to plot graphs to further study the 

effects of mass blowing rate referred to Reynolds number and the effect of nozzle exit to turbine 
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blade distance. The effectiveness of jet impingement cooling is determined based on the heat loss 

from the turbine blade pressure side to the surrounding. The larger the heat loss to the surrounding 

means a more effective jet impingement cooling system. The heat loss in this experiment is 

determined by the heat transfer rate and the Nusselt number. Based on the experiment data, graphs 

for each variable of nozzle exit to surface distance and Reynolds number were plotted. It can be 

seen for nozzle exit to surface distance is that at s/d = 4 cm it produces the highest Nusselt number. 

For the Reynolds number, it can be seen that at Re = 2637, the highest Nusselt number is obtained. 

Overall, the highest Nusselt number is obtained when s/d = 4 cm and Re = 2637. From the 

experiment data, it is shown that the highest heat loss occurs at thermocouple T3, when the surface 

to nozzle distance is at 4 cm and Reynolds number of 2637, with the Nusselt number of 140.36. The 

experiment shows that there is a relationship between Reynolds number and Nusselt number. It can 

be concluded that the Reynolds number are directly proportional to the Nusselt number.  
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