
 

 

 
Abstract—Meeting the growth in demand for digital services 

such as social media, telecommunications, and business and cloud 
services requires large scale data centres, which has led to an increase 
in their end use energy demand. Generally, over 30% of data centre 
power is consumed by the necessary cooling overhead. Thus energy 
can be reduced by improving the cooling efficiency. Air and liquid 
can both be used as cooling media for the data centre. Traditional 
data centre cooling systems use air, however liquid is recognised as a 
promising method that can handle the more densely packed data 
centres. Liquid cooling can be classified into three methods; rack heat 
exchanger, on-chip heat exchanger and full immersion of the 
microelectronics. This study quantifies the improvements of heat 
transfer specifically for the case of immersed microelectronics by 
varying the CPU and heat sink location. Immersion of the server is 
achieved by filling the gap between the microelectronics and a water 
jacket with a dielectric liquid which convects the heat from the CPU 
to the water jacket on the opposite side. Heat transfer is governed by 
two physical mechanisms, which is natural convection for the fixed 
enclosure filled with dielectric liquid and forced convection for the 
water that is pumped through the water jacket. The model in this 
study is validated with published numerical and experimental work 
and shows good agreement with previous work. The results show that 
the heat transfer performance and Nusselt number (Nu) is improved 
by 89% by placing the CPU and heat sink on the bottom of the 
microelectronics enclosure.  

 
Keywords—CPU location, data centre cooling, heat sink in 

enclosures, Immersed microelectronics, turbulent natural convection 
in enclosures.  

I. INTRODUCTION 

HE wide spread growth of data centers in recent years is 
resulting in an increase in end use energy demand of 

which more than 30% is required for their cooling [1]. 
Therefore more efficient cooling methods are essential, but 
most data centres use air cooling techniques. However, 
approaches that use liquids offer greater efficiency of heat 
removal due to their density and are readily adopted in 
situations of high density Datacom equipment. The revival 
from the 1960s [2] of liquid-cooled datacom equipment brings 
water from the edge of the data centre to the racks or brings 
water into the rack to enable liquids to get closer to the main 
sources of heat dissipation. There are different types of liquid 
cooled microelectronics which bring water into the rack or via 
water jackets in contact with a dielectrically immersed 
microelectronics enclosure.  

Heat transfer in total immersion of microelectronics is 
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achieved by natural convection of the dielectric liquid, where 
the heat is transferred from all of the microelectronic 
components, including the CPUs, to the water jacket on the 
opposing surface. This study develops a theoretical method for 
quantifying the improvements of heat transfer when the heat 
sink and CPU vertical location is varied as shown in Fig. 1. 

 The analysis presented in this paper is based on natural 
convection of liquid in an enclosed cavity, where there is heat 
flux into and out of the cavity on each vertical wall; heat is 
transferred by natural convection, without the use of pumps. 
Previously, [3] established the first theoretical benchmark for 
heat transfer via laminar flow in a square enclosure where the 
left wall is cold and the right wall is hot. Tian [4] performed 
benchmark experiments for the turbulent flow in a square 
enclosure and he plot thermal counter and vector for first time 
in turbulent enclosure. In the case of rectangular enclosures, 
[5] has investigated the fluid behaviour in both cases of 
laminar and turbulent flows, where it was found that for aspect 
ratios between 1 and 40 and Prandtl numbers between 1 and 
20 the fluid flow becomes turbulent when the Rayleigh 
number, Ra>107. For the localised heat source in an enclosure 
[6] numerically investigated a vertical rectangular cavity with 
three heat sources on one wall and the opposing wall is 
maintained at a cold temperature. This study determined 
theoretically the optimum spacing between the heat sources 
and reported spacing arrangements that can drop the 
temperature by 10%. Heat sources in enclosures have been 
investigated by many further studies [7]-[9]. However, the use 
of fins to increase surface area has been the focus of much 
fewer studies. Nada [10] carried out an experimental study on 
finned vertical rectangular enclosures. In this case horizontal 
fins were adopted on the hot wall side and the opposing wall 
was cold. This study also investigated the effect of different 
Rayleigh numbers (Ra) and different fin lengths and spacing. 
It was found that increasing the fin length increased the 
Nusselt number and improves the heat transfer.  

In the present work a model of turbulent natural convection 
flow and conjugate heat transfer is used to investigate 
vertically placed microelectronics in a sealed enclosure filled 
with dielectric liquid. The model geometry and water jacket 
inlet temperature remain constant. The CPU heat flux and 
location are varied with the aim of quantifying heat transfer 
improvements based on heat sink and CPU location that 
reduce the CPU case temperature.  

II. THE MODEL DESCRIPTION 

The geometry and boundary conditions of the liquid 
immersed microelectronics model is shown in Fig. 1. Heat is 
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