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Abstract: This work investigates improving thermal characteristics of heat sink. Conventional heat sinks consist of parallel 
plates or pin fins. Recently, the design of heat sinks has been a main challenge for researchers to improve its performance. 
Ladder heat sink design is one of the effective recent designs formed by inserting a link between two parallel plates. In this 
work, the performance of ladder heat sink design is studied and compared with two designs, namely; elliptical and parallel 
plate heat sink designs. The simulation environment is carried out over COMSOL Multiphysics. Artificial Neural Network 
is used to predict the pressure drop value with changing the dimensions of the heat sink fins and comparing the results with 
COMSOL values. Preliminary results show that ladder heat sink design has better performance in comparison with the 
other heat sink designs according to many parameters used to characterize the performance of the heat sink design. 
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1. Introduction 
 

As the highly increasing in the capabilities of the computers and laptops, improved thermal management to 
dissipate the increased heat generated becomes very important. Heat sinks are used to dissipate heat from electronic chips 
to the surroundings. A heat sink is a metal device designed to dissipate heat generated from a high temperature surface like 
Central Processing Unit (CPU) in computer to the surroundings. Usually heat sinks have fins, thin objects made of metal 
connected with the heat source to increase the dissipation heat power, because it increases the surface area that will dissipate 
the heat to the surroundings. 

Many designs of heat sinks were developed since 1980. The conventional designs of heat sinks is long parallel 
channels lay on a base attached on electronic device such as Central Processing Unit (CPU) of computer. (Liu, 2005) 
proposed longitudinal fin heat sink design. The main property of this design is their soft array volume and array width 
constraint, so that one or two more fins can be added and then dissipate more heat. (Gunnasegaran, 2009) studied three 
different shapes for the fins of heat sinks, rectangular, triangular and trapezoidal shapes. They found that each type of 
shapes under some consideration has better performance through the other heat sinks. (Brinda, 2012) proposed ladder 
design of heat sinks, simply it is a link connects between two parallel plates. The results found were impressive, because 
ladder design improve the heat dissipation according to pressure drop and thermal resistance values.  

In the literature one can find different studies related to the thermal design optimization of microchannel heat 
sinks. These studies evaluate the geometric dimensions that give optimum performance. (Qu, 2002) presented numerical 
analysis for three-dimensional fluid flow and heat transfer in a rectangular micro-channel heat sink using water as the 
cooling fluid of the heat sink. They concluded that the temperature rises in direction of flow for the solid and fluid regions 
of the micro-channel heat sink. (Khan, 2008) developed analytical models to determine heat transfer from two types of 
heat sinks: in-line and staggered pin-fin. They got the heat transfer coefficient for the heat sink from an energy balance 
over a control volume. Their results show that heat transfer and pressure drop across the heat sink increases with the 
increase in velocity. 
  Researchers tried to use another modelling and optimization methods to improve the cooling power with optimum 
dimensions. (Chiang, 2007) investigated the thermal performance for parallel plate fin heat sink with an axial-flow cooling 
fan using central composite design. Their results indicate that the most significant factors affecting the thermal resistance 
are the height of fin and width of passage between fins. However, the most significant factors affecting the pressure drop 
are the distance between the fan and the tip of fins and thickness of fin.  

Researchers start using Artificial Neural Networks in heat sinks problem. (Batayneh, 2013) built a neural network 
model for a parallel plate fin heat sink based on experimental data from previous study. In addition, they investigated in 
determining the important factors affecting the performance of the heat sink, and the quadratic effect of every factor by 
using design of experiment, analysis of variance and regression analysis. Their results showed that neural network model 
has maximum error of less than 13.54% compared with the experimental results. In this paper thermal characteristics of 
ladder design heat sink will be investigated. A comparison between the performances of ladder heat sink design with two 
designs, namely; elliptical and parallel plate heat sink designs will be presented. In addition, neural network will be used 
to predict the pressure drop for the ladder heat sink design in a certain range.  
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