
CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

Air jets have been widely used in many industrial applications in order to 

achieve enhanced coefficients for convective heating, cooling or drying. A single air jet 

or arrays of air jet, impinging normally on a surface are an effective method to enhance 

heat and mass transfer. High convective heat transfer coefficient is a very important 

factor that leads to the many usage of impingement jets in industrial for heating and 

cooling purposes. Jet impingement is an attractive cooling mechanism due to the 

capability of achieving large heat transfer rates. This cooling method has been used in 

industrial applications such as annealing of metals, tempering of glass, cooling of gas

turbine blades, cooling in grinding processes and cooling of photovoltaic cells. Jet 

impingement has also used for high-powered electronic and photonic thermal 

management solutions and numerous jet impingement studies have been aimed directly 

at electronics cooling.

Due to the many industrial applications of impinging jets research has been 

conducted to understand their flow and heat transfer characteristics. The main variables 

for jet impingement heat transfer are the angle of impingement, the jet Reynolds number 

and the height of the nozzle above impingement surface. Convective heat transfer to an 

impinging air jet is known to yield high local and area averaged heat transfer 

coefficients. The research is concerned with the measurement of heat transfer to 

impinging air jets over a wide range of test parameters. These include Reynolds 

numbers, Re, nozzle to impingement surface distance, H\d, and angle of impingement,

from 30° to 90°.
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1.2 PROBLEM STATEMENT

There are problems statements that have been defined in conjunction of this 

project. For convenience, the problems are determined and discover. Firstly, some 

application will use an effective method for their product such as for electronic cooling 

system. The study of effect of nozzle angle for jet impingement cooling system needed.

The current method of heat removal, involving extended surfaces and fan arrays, 

frequently used in electronics is clearly insufficient, especially as the electronic 

components become more and more powerful, dissipating more heat, whereas the space 

around these components continues to be reduced due to miniaturization trends. 

Furthermore, there are some relevant results we need to compare in order to state the 

best effects for cooling system for jet impingement cooling system.

1.3 OBJECTIVES OF STUDY

In order to assure this project run smoothly, there are objectives that have been 

defined and which have to be fulfilled. The first objective of this project is to study 

about the effect of nozzle angle on the jet impingement cooling system. Besides that, 

the objective also to determine the expected cooling effect of the nozzle at a certain 

angle by vary the other factor such as Reynolds Numbers and spacing between nozzle’s

edge to impingement surface.

1.4 SCOPES OF STUDY

The scope of this project will comprise the boundaries of project study. The jet 

impingement cooling systems are wide range of study. Many characteristic should be 

bound in order to make this project achieve the objectives. First of all, the study of this 

project are using laminar flow which is Reynolds number are determine to be at 500, 

930, 1960, and 2300.The nozzle angle studied also already set at 30o, 45o, 60o and 

90o.Any angle values other than that rounded to the closest angle.
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Further more, this project only study using one material of nozzle and diameter 

of nozzle that have been studied are constant at 10 mm. In this project, it is only using 

an air as working fluids for cooling system. The boundaries in this project are exist in 

order to state that the priority of project analysis of the effect of nozzle angle on the jet 

impingement cooling system to be more clear and understand. In addition, temperatures 

of the heated plate are constant at 100oC. It assumes that the system is in steady state 

condition.


