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ABSTRACT

For cooling electronic systems new techniques
invented. Cold plate is liquid cooling system use:
electronic components. In present work,
modification is done in design of cold plate to red
its cost and also to increase the heat dissipaitn
Water at various flow rates is supplied for gi
power inputs and heat removing capacity of each
rate at that particular heat load is calcul. It is
found that water is best working fluid for all flc
rates. Methanol and acetone are best suited fdr
mass flow rates. The cold plate is used to prowa
“‘cold wall” to which individual electroni
components are mounted. The design
performance evaluation of a cold plate follows
prescribed procedure that depends on the heanlp
and whether the heat loading is on one or two il
the cold plate. Due to transmission of applied et
and voltage sometimes the temperature of the t
plate goes increasing. This temperature limits
electronic operation. Thus it is necessary to @i
such temperature, in order to maintain speec
electronic devices.

KEYWORDS: Liquid Cooling, Cold Plates,
Temperature, Heat Transfer, Electronic Application

1. INTRODUCTION

In heavy electronic equipped industries, h
temperatures are attained in working conditionse
safe temperature limit fothe electronic equipment
90°C. This raise in temperature will take adverse
effect on the equipment’s and sometimes fails ede
conditions. This is due to the electronic equiprise
life time will be reduced. So the equipment maim
safe temperatre condition which is below 9C,
maintain the desired condition liquicooling is

provide effectively. Liquid cooling is a convecti
heat transfer process.

The cold plates are classified as follo
1. Formed Tube Cold Plate (FTC

2. Deep Drilled Cold Plate (DDCF

3. Machined channel Cold Plate (MCC

Form tube liquid cold plates ensure minimum ther
resistance between the device and the cold pla
placing the coolant tube in direct contact with
device base plate. In thidesign, copper plate
generally used, although aluminum is someti
employed in low power applications. In Deep dril
cold plate the heat flux and power dissipa
increases, the contact resistance of the platettam
tube wall become unacceptabligh. In this design,
deep holes are drilled in the plane of the sules
plate. In Machined channel cooling plate, the Hieat
increase, it becomes necessal improve the thermal
performance of the channels. In this design, chiar
are machinesut into the base plate and a cove
soldered in plae to form the flow passages. In |
literature thermal analysis of form tube, machi
channel and Deep drill cold plates at differ
working environment has been done. This shows f
is a lack of study in the behavior of three diffar
cold plates asame working environmer

In this work the Optimization is achieved
comparing the thermal characteristics of threegyqif
cold plates at same working environment
proposed the best method that can be adopte
different industrial equipmeifor safe conditions. The
Finite Element Analysis and experimental work |
been carried out to validate the results.
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conclusion has drawn based on the theoretical
and the results from study.

2. MODELING

Modeling of four cooling plates are done by u
CATIA V5. For all the four cold plates, length, i
andthickness are kept constant. Material’'s consids
for all the three plates are same i.e. for p- copper
and for tubes aluminum materials are consid

2.1 Modd 1 cold plate:

The four cold plates are modeled in CATIA V5F
version. The size of the plates is 145 mm lengith
145 mm width. The groove is made by C
machining.

The 3D modeling of the cold plates shown below-
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Density of water = 1000g/m3 Kinematic Viscocity
8.6 x e-4 m2/s

Sp. Heat = 4.179 KJ/Kg.K

Thermal conductivity = 0.62

Ts = 3530K

Too = 2980K

m = Mass flow rate of water = 0.80 kg/

T1 =298 K

Dh = Hydraulic dia (m) = 4A/

Hypothetical Calculation

Presently, to make hypothetical computations, @

after presumptions are required to make loc

counts.

1. The warmth is convected from hot surface &
were.

2. The warmth excainge by conduction of plate
disregarded.

3. The warmth exchanged to chilly water as it w

The Heat Balance for the plate is given Heat
convected by Surface heat gained by the wat
hA(Ts- To) = mCy(T2—Ty)

Where,

h = Heat transfer coeffn W/m?K

Ts = Surface temp. of plate

T, = Final temp. of plate

m = Mass flow rate of water in ki

Cp = § Heat of water in KJ/Kg|

T1 and T = Inlet and outlet temfOf water

In the above equation to find out heat tran
coefficient required for convtion. The heat transfer
coefficient can be obtained by, considering follog
properties.
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3. FINITEELEMENT ANALYSIS

Transient warmth exchange choose temperature:
other warmth sums that change after some time.
assortment of temperature flow after some timefi
energy for a few applications, for instance, v
cooling of electronic groups or smothering
examindon for warmth treatment. Moreover
interest are the temperature movement realizes \
weights that can achieve disillusionment. In s
cases the temperatures from a transient v
examination are used as commitments tc
fundamental examination for amm uneasines
evaluations. Transient warm examinations can
performed using the ANSYS solver.

Many warmth trade applications, for instance, w.
treatment issues, electronic package arrange, gL
engine squares, weight vessels, fluid struc
affiliation issues, in this way on incorporate trans
warmth examinations.

A transient warm investigation can be either stra
or nonlinear. Temperature subordinate mat
properties (warm conductivity, particular warmth
thickness), or temperature lsrdinate convectio
coefficients or radiation impacts can bring ak
nonlinear examinations that require an itera
methodology to accomplish precise arrangemt
The warm properties of most materials do che

with temperature, so the investigatioiore often than

not is nonlinear.

Typically, a steadywtate thermal analysis inclu
several steps.

Creating Analysis System

Defining Engineering Data
Attach/Importing Geometry

Defining Part Behavior (domain)
Define Connections (Solid Fluidontact
Applying Mesh Controls/Preview Me
Establishing Analysis Settings
Defining Initial Conditions

. Applying Loads and Supports

10. Solving by FEA solver

11.Reviewing the Results

CoNoOoO~wWNE

Open ANSYSWorkbench. From the Toolbox, dr:
the Transient Thermal format to the Proj
Schematic.

The ANSYS in transient warm investigation |
completed. For this, plate of size 145 x 145 mr

chosen and score of 4 x 4 mm is made as appea
model. The liquidarea is made amongst plate
section. A convection is given to the surface afrsc
The limit conditions of the surface temperature
90°C and the cooling water bay temperature i°C.
The yields are characterized by the outlet tempes:
of cooling water if the plate is cooled by °C. The
temperature counters and stream lines are indi
for examination of results. The figures underne
demonstrates the outcomes for the models of
plates. Final outputs are shown in following figgui

From tre cfd analysis temperature distributiwas
plotted.
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Fig. 5.1: Result of Model
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Fig. 5.2: Result of Model.
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Fig. 5.3: Result of Model
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The Analysis has been carried out for Mod Model
2, Model 3 and Model 4 cold plates. The temperat
obtained of fourdifferent cold plates are shown
Table.

1 Model 1 336.1¢
2 Model 2 334.38:
3 Model 3 325.66:
4 Model 4 348.04:

In all the Four cases the area and thickness o
plates are samd-rom the analysidModel 1 shows
output temperature is 336 K in this case the

removal rate is less, diis is not withstanding th
conditions. InModel 2 cold plate the temperatt
obtained is334 K from the results the heat remo
rate is less and neithstandingthe criteria. Thirc
model 3 cold plate is attained temperature is 3z
and from the results the heat removal rate is nthre

is within the safe limit. Other model cold plate
obtained temperature of 348 K which shows less
removal rate.

Conclusion

The physical characteristics shown in the resuls
different in each model. From the above results
heat removal rate is more in Model 3 cold pl

When comparing théour cold plates, model 3 co

plate have more contact area to the s¢, than other
three cold plates. By considering these results

behavior showed by the model 3 cold plate is wi
the safe temperature limit. This is due to carrg
more amount of heat according to design of mod
cold plateand finally this is the best method of c
plate to maintain the industrial equipment in ae:
desired conditions. This concludes that. optimized
method i.e. model 3 cold plate can be adopbr

heavy electronic equipment and naval applicat
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