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ABSTRACT 

Multiple Jet impingement is a recognized cooling technique practiced for high heat fluxes. Related to other conservative 

methods of single-phase heat transfer, multiple jet impingement gives better heat transfer co-efficient.  In the earlier 

investigations more tests were steered to study and analyse the effect of numerous geometrical factors on the average 

heat transfer co-efficient. The present paper is an investigation on the heat transfer behaviour of multiple arrays of jets 

with air as a working fluid. The main objective of this work is to study the effectiveness of jet diameter and the heat 

transfer effects. A typical copper plate of size 20mmX20mm is used for the investigation. The length between the jet 

exit to test plate is varied from 10mm to 20mm.The circular air jets were used with a pitch of 3mm.Two types of jets 

were used with a jet diameter of 0.25mm and 0.5mm. The results showed that 0.25mm diameter jets are very effective 

with all the jet departure to test surface length examined. The Reynolds number has a substantial role in the heat transfer 

Characteristics. 
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INTRODUCTION 

Multiple jet impingement cooling is a known cooling process routine for cooling of high density electronic devices. In 

this technique a stream of coolant or gas interacts with a test surface to transfer heat. Extremely high heat transfer co-

efficient were found with this multiple jet cooling. There are several parameters influences the heat transfer 

performances, namely diameter of jet, the distance between test surface to jet departure, velocity of fluid and heat input. 

M . Meyer et al  [1] Conducted  the research to know the heat transfer characteristics using FC72 as working fluid, with 

different jets widths and maximum heat flux. They noticed that increasing the sub cooling temperature about 100C 

results in increase critical heat flux which intern increases a significant improvement in CHF. Xuhui Feng et al [2] have 

steered the experiments with automatic transmission working fluid with a fixed heat flux on the target area. Mass flow 

rate is varied from 1X10
-5

 m
3
/sto 2.5 X10

-5
m

3
/s

 
from a temperature range of 50

0
C to 90

0
C. Experimental values are 

validated with a numerical model developed considering the flow geometry and heat transfer characteristics of the fan 

jets. The circular jets are compared with the fan jets. The circular jets are gave about 25% of heat transfer yield in 

comparison to fan jets. 

Lee et al. [3] have inspected the Reynolds number effect and the distance between the target plate to a jet exit effects on 

the heat transfer from a series of multiple jets intruding on a flat surface. They observed that for all the cases studied the 

average and local Nusselt number exhibited a strong dependence on the Reynolds number studied. Vikas Kumar Singh 

Chauhan et al. [4] steered the experiments to know the effect of mist jets on a test plate. They studied the Reynolds 

number range from 10000 to 40000, nozzle to plate distance of dimensionless number from 32-56 and fraction loading 

up to 1%. They observed that Nusselt number increases with increase in Reynolds number and loading fraction. They 

too developed the relation of heat transfer based on their work. 

O’Donovan and Murrayet al [5] steered the experiments to know the heat transfer characteristics and flow field for a hot 

test plate with Reynolds number varying from 10000 to 30000 with a H/B of 0.5 to 8. They observed that secondary 

ultimate in heat transfer distribution with respect to radial direction for a test plate to jet exit less than twice the jet 

diameters show a sudden growth in wall region of a jet. They also found that the heat transfer region is related to high 

turbulence intensity and high jet velocity. Ozmen Y [6] have analysed experimentally the flow characteristics of a 

double air jets with high Reynolds number impinging on a test plate with a smoke wire technique. The reservations 
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related with turbulence and axial velocity quantities in the directions of vertical were 4% and 3% respectively and 

pressure quantity is within2%. He got pressure circulation on the confined and impingement surfaces with the jet to jet 

positioning (L/D) 0.5 to 2, H/D 0.5 to 4 And Reynolds number in the range of 30000 to 50000. He got that the heat 

transfer co-efficient. 

EXPERIMENTAL PROCEDURE 

The test rig is designed and fabricated in such a way that it can be used for both type of jets that is vertical and 

horizontal. The schematic test setup is shown in fig1. The test plate used in this investigation is copper of size 

20mmX20mm, it is taken because of its higher thermal conductivity. Total 49 jets are used which are organized in a 

circular manner with pitch of 3mm each. The jets of 0.5mm and 0.25mm diameters were used. The air is used as an 

working fluid, the air from the compressor is made to pass through a pipe which is shown in the fig. A regulator is used 

to control the flow rate and a Venturi meter is also considered to determine the air flow rates. The parameters varied in 

this investigation is shown below in the table1. Uncertainty scrutiny was carried out by the method suggested by Kline 

and McClintock. 

Table 1. Multiple air jet experimental test parameters 

Sl. No Factors Assortments 

1 Test plate 20mm x 20mm 

2 Heat flux 20 to 200 

3 Working medium Air 

4 Distance from test plate surface to jet exit 10 and 20mm 

5 Number of jets (7 x 7) 49, square arrangement 

6 pitch 3mm 

7 Jet diameter 0.5mm   and 0.25mm 

8 Reynolds number 
1290 to1816 with d=0.5mm 

2600 to 4600 with d=0.25mm 

9 Jet arrangement Horizontal and vertical 

 

Figure 1. Multiple jet impingement test apparatus with air as a coolant 

RESULTS AND DISCUSSION 

Fig 2 and 3 indicates the distinction of heat transfer with flux at various Reynolds number for both the type of jets 

considered for investigation. It is observed that for all the values of tested Reynolds number the smaller jets give a 

better performance compared to larger diameter jet. 
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Figure 2. Plot of h versus q for 0.25mm diameter jet for different Reynolds number 

 

Figure 3. Plot of h versus q for 0.5mm diameter jet for distinct Reynolds number 

Fig 4 shows the comparison of the two jets studied of 0.25mm and 0.5mm. It is observed from the plot that the 0.25mm 

diameter jet is more effective in removing the heat as compared to 0.5mmjet. 

 

Figure 4. Comparison of two jets with 0.25mm and 0.5mm diameter 
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Fig 5 and 6 show the consequences of horizontal and vertical jet. The heat transfer co-efficient is lower in horizontal 

jets related to vertical jets. The cause being vertical jets on a horizontal surface cools rapidly compared to the horizontal 

jets because of less film thickness. 

 

Figure 5: Plot of h versus q at Re=1400, d=0.05cm and Z=1 cm for all jets perpendicular and horizontal 

 

Figure 6: Plot of h versus q at Re=1344, d=0.05cm and Z=2cm for all jets perpendicular and horizontal 

CONCLUSION 

Multiple jet impingement achieved well thermal performance compared to single jet impingement. Tests were 

conducted by test plate to jet exit distance, vertical and horizontal jet and flow discharge. It is observed from the 

investigation that the 0.25mm diameter jet is more active in removing the heat as compared to 0. 5mmjet. The heat 

transfer co-efficient is lower in horizontal jets equated to vertical jets. The reason for this is vertical jets on a horizontal 

surface cools rapidly compared to the horizontal jets because of less film thickness. From the present investigations it is 

found that the multiple jets gives a better and uniform cooling capabilities. 

NOMENCLATURE 

A Area of test plate Nu Nusselt number 

d Jet diameter p Pressure 

P Supply power Pr Prandtl number 

h Heat transfer coefficient Q Discharge 

k Thermal conductivity  q Heat flux 
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m Rate of flow of fluid  Re Reynolds number 

n Number of jets V Jet speed 

Z Distance between test exit to hot plate   
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