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Abstract: In this paper, a statistical analysis was applied
to the numerical predictions of temperature distribution
for the heat sinks. There are two types of heat sink with
an array of impingement. The first type is a flat plate
heat sink, and the second type is arcs-fins heat sinks. The
second type category considers five models (A, B, C, D,
and E). The shapes of fins were changed, but the
thickness, distance between fins, and radius were held
fixed for comparing and analyzing them depending upon
the improvement of the fin geometry of heat sink. The
heat sinks of the two types are subjected to multi
impinging flow at different Reynolds numbers (7000-
11000). Thermodynamic and hydraulic results were
collected. The best model was calculated through a
statistical analysis. The efficiency of an arcs-fin heat sink
was superior to that of the flat plate heat sink. The
findings of Model D were more appropriate than those of
the other models. The concave arc near the heat sink's
exit (model D) created better effect than the convex arc
(model E), despite the fact that the (model D) shape fins
being identical to (model E) shape fins (only rotated 180°
at the same location). However, Descriptive Statistics
manifested that in all situations, the mean temperature
for (model D) is better than (model E). The results of
comparison between the flat plate heat sink and models
(D and E) evinced that the average heat sink temperature
in the suggested design reduced via 12%, 8%, while the
(model E) decreased by 12%, 7% for Re (7000, 9000),
respectively. In addition, the two models maintained the
same percentage of (8% and 7%) improvement at Re
(11000). The correlation coefficient between the flat
plate and the arcs-fins heat sink for model B has the
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highest value (0.809), while model A has the lowest value
of correlation (0.673).

Keywords: Statistical analysis; Arcs-fin heat sink; Air;
Array of impingement

1. Introduction

The increasing of the flow rate, the surface area
of heat sinks, or improving the flow distribution
through the use of baffle barriers and other
techniques, like parallel flow or impingement
flow are the all ways that can help increase the
electronic modules and packages cooling. All of
these strategies have benefits, but they come at a
cost. Raising the rate of flow is easy to do, but it
necessitates greater and more efficient (air)-
moving equipment, which increases the acoustic
noise in addition to the total expense, weight,
and volume of system. Due to the relatively
high friction effects, this issue of enhancing the
rate of heat transfer via raising the rate of flow
is specially leading to cooling. This has a much
smaller impact in liquids, where an
improvement in the rate of flow causes a perfect
heat transfer at a low expense in friction. The
coefficient of heat transfer per unit area is
obtained to differ as the ratio of velocity (v) to
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the power (P) is around (0.7). The viscous
influences, otherwise, are a function of (v) to (P)
of (2 to 3), a much stronger function [1].

Generally, increasing the surface area, while
lowering the velocity (v), is more efficient [2].
CPU cooling, audio amplifier cooling and
power LED cooling are examples of passive
cooling. In contrast to electronic devices,
however, the method of passive heat sink hasn't
advanced significantly. Most of the traditionally
obtainable passive heat sinks being yet bulky
and made of a sole material, like graphite or
metal or. Only a few extrusion designs of fin
have been investigated, and there has rarely
been a requirement for further effectual module
designs since the modules have historically been
comparatively big. Savithri Subramanyam and
Keith E. Crowe [3] identified how to use
thermal finite element analysis (FEA) and
(CFD) to test the designs of the electronic
cooling heat sinks. Sathe and Sammakia studied
a unique high-performance impingement heat
sink. [1]. S. Zu and Yan [4] looked at how well
seven turbulent models predicted the thermal
and flow characteristics of a confined impinging
jet. S. Manivannan S. et al. [5] proposed a
Taguchi design of experiments-based Grey
relational analysis method for multi-objective
optimization of the flat plate heat sink. ANOVA
test was used to determine the contribution and
effect of each heat sink design factor on the heat
sink's multiple responses. Mathias Ekpu et al.
[6] improved the thermal management and
microelectronics package efficiency.
M. Beriache et al. 2012 [7] investigated the
numerical simulation of the plate-fin heat sinks
with confined impingement cooling. Simple
model was developed to predict the thermal and
hydraulic efficacies of the plate fin heat sink for
impingement air cooling. Finite difference
method (FDM) was utilized for converting the
governing equations to algebraic formulas.

Multiple grid sizes were used, then a (42 x 37 x
66) grid was chosen to show that the solution
became nearly independent of the size of grid,
as well as more increment in the grids wouldn't
possess an important influence upon the
solution. Also, the outcomes of this preparation
were satisfactory leading to infer that the
computational  correctness of the field
parameters was independent of the nodes'
number while having (102,564) or further. The
effect of base thickness and fin height upon the
thermal efficacy of heat sinks made from
aluminum and copper being investigated using a
steady-state thermal conduction analysis. Lemos
and Dorea provided numerical results for a a
turbulent jet impinging on a flat plane covered
with a sheet of permeable and thermally
conducting material. [8]. Yang et al. [9] studied
the turbulent fluid flow and the heat transfer
characteristics of the air jet impingement onto
rotating and stationary heat sinks using
numerical ~ simulations. The effects of
impingement cross-flows on reducing the local
surface Nusselt numbers as the impingement
jets were deflected and became less coherent
were shown by Junsik Lee et al [10]. K. Marzec
and A. Kucaba-Pietal, 2014 [11] used an array
of (6) impingement jets. Chamfer and
countersunk nozzle type were used to study the
numerical analysis of a flow characteristic, the
coefficient of heat transfer (h), (Nu) distribution
and pressure drop (AP). Results manifested that
using an array of cooling jets gave a uniform
(AP) distribution. Also, the biggest deflection
angle was observed in the chamfer nozzle
configuration. Where, the lowest (AP) takes
place through the analysis with the nozzles
countersunk kind. The presented analysis
showed that (h) relies upon the flow direction
whilst air entering the nozzle. Roaad K.
Mohammed A. [12] examined experimentally
the local distribution of heat transfer coefficients
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between the impinging jets from a circular
orifice on a flat plate. Jet-to-plate spacing was
varied from (2 to 8) orifice diameters, and (Re)
was varied between (7100 and 44400).
P. Chandramohan et al. [13] investigated the
temperature, Nusselt number, and heat transfer
coefficient of a hot plate that were exposed to
multi-jet air impingement cooling in an
experimental environment and by using
ANOVA analysis found that the important
participations upon the responses were owing to
the ratio of (H/D) ratio as well as the Re no.
influence.

Xiaoming Huang et al. [14] examined three
various dimple designs: convex, concave and
mixed). The exterior faces alongside the model
channel were presumed to be adiabatic and
considered the geometric and boundary
symmetry of the micro channel heat sink with
impinging jets (M1J) with dimples alongside the
X and Y axes and simulated its model. The
(M1J) having dimples being compared with the
MIJ having no dimples. Result showed that the
use of convex dimples to (MIJs) improved the
flow of fluid and the heat transfer, comparative
to the other kinds. Gao Apeng et al. [15] used a
computational simulation to analyze the features
of impingement cooling before evaluating and
improving the structure. Archibald Allswell
Amoako [16] developed a numerical technique
to test thirteen various heat sink geometries
employing CFD program, as well as simple and
exotic heat sink fin designs which improved the
thermal efficiency of heat sink. Hassan
Khurshid et al. [17] identified an empirical
approach to the design and construction of a
passive heat sink for an ABB communication
board that was used in it. Based on the natural
convection, two traditional fin geometries,
rectangular plate fins, and rectangular pins fins
were considered. Patrick Mcinturff et al. 2018
[18] improved the efficiency and the rise levels

of the surface heat transfer of impingement
cooling by adding special patterns of surface
roughness to the impingement target surfaces.
Circle, racetrack, and triangle were the (3)
various impingement hole configurations that
utilized inside a jet array. Each of the three hole
shapes had the similar hydraulic diameter. Data
were presented at (Re = 900, 1500, 5000, and
11,000). Result depicted that the shape of
racetrack hole gives the similar rise of heat
transfer as a circle hole shape, with somewhat
better efficiency, at certain circumstances.
Differently, the triangle hole shape gives lower
rising in the heat transfer, comparably with the
racetrack hole and circle hole shapes. The swirl
jet  impingement  effect was  studied
experimentally and numerically by N. V. S.
Shankar and H. Ravi Shankar [19], by using
swirl generators, it was possible to raise the
turbulence of the impinging plane. On a flat
plate, 33 swirl jets were impinged. Ammar A.
Hussain et al. [20] searched and improved the
convective heat transfer of the plate-fin heat
sinks. Two geometries were investigated: plate-
fin heat sinks without fillet profile and plate-fin
heat sinks with fillet profile. Impinging
(traditional design) and parallel flow were added
to the investigation. The computational grid was
developed using ANSYS Fluent for discretizing
and solving the governing equations. Mohamed
L. Elsayed et al. [21] investigated the efficiency
of a partial shield heat sink for various open
area ratios, as well as the effect of inserting the
guide plate at various inclination angles. Pawetl
Gil and Joanna Wilk, [22] used a synthetic jet to
investigate the heat transfer phenomenon that
occurs during the impingement cooling.

In this article, ANOVA was used in two ways,
based on the numerical results of using ANSYS
Fluent (2019-R1). The aims of the study are to
determine the best heat sink configuration and
the connection between the flat plate and the
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arcs-fin heat sinks using a new fin-heat sink
arrangement with different geometries. The use
of an impingement jet in combination with a
heat sink can also assist in the dissipation of
heat from an electronic device. Finally, the
thermal and flow fields of a modern heat sink as
a result of new multi jet impingement
characteristics will be analyzed. According to a
review of the literature, there has not been a
statistical analysis work on a multi-jet
impingement over the finned-heat sink arrays in
arcs shapes. Arcs were designed in a range of
ways, including fins with the same number of
fins arrayed, and exposure to air from jets
arrayed. The first model has the same form of
concave arcs at a constant radius. This model
has changed to have two concave arcs and two
convex arcs in different locations at the same
radius. The focus of the study is on the effect of
arcs types and the location of it on heat
dissipation by new impingement jet array. To
get an enhancement for electronic cooling, one
needs the best alternative model for the flat plate
heat sink. A suitably modified version of the
three-dimensional impingement jets over the
arcs-fins  heat sink has been used.
Computational fluid dynamic model is created
depending on the test description and by the
software package Fluent examined using
ANSYS Fluent (2019-R1). Then, the numerical
results were used in a statistical analysis in two-
way (ANOVA).

2. Physical Model

The forced convection and conduction heat
transfer from a 60 mmx 60 mm discrete heat
source (8333.33 w/m?) using an arcs-fin heat
sink were investigated. The heated part was
flush mounted on the enclosure base, and the
arcs-fin array was connected to it. The heat sink
was cooled using a multi jet impingement. The
parameters of jet impingement and heat sink
used in this study are shown in Table (1) and

Table (2). While, Table (3) views the
comparison of the arcs-fins heat sink geometry
specifications, and figure (1) manifests the
design models of the present study.

Table 1. Description modeled of the multi air jet

(n-1 x n-5) 6%2
No. of jets 12
Diameter of nozzle 5mm
Span wise of jet array 8 mm
Stream wise of jet array 28 mm
Jet to target plate spacing 30 mm

Jet Reynolds based on jet velocity ~ 7000-9000-11000

Table 2. Description modeled of heat sink

Length 60 mm
width 60 mm
Height of base 6 mm
Number of fins 14

Fin thickness 3mm
Number of fins row 2
Space between two row 5mm
Height of fin 20 mm
St 28 mm
SL 8 mm
Length of fin 20 mm
Radius of arc fin 45 mm

Table 3. Comparison of the arcs- fins Heat sink
Geometry Specifications

Mode No. of
| concave arc

Shapes configuration

A 4 Symmetric concave arcs
B 2 Symmetric concave—convex
arcs
C 2 Series concave arcs in z
direction of fin

D 2 Series concave arcs in the fin x

direction (divergent from the
heat sink middle)
E 2 Series concave arcs in the fin x

direction (convergent from the
heat sink middle)
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Figure 1. The tested design of the present study

3. Meshing of the Domain

The domain of computation and modeling used
(7 x 2) arcs-fin heat sink with (6 x 2) nozzle
array. The number of different meshes was
tested at Re (7000, 9000, and 11000) for five
cases of fins heat sink added to the flat plate
heat sink. The assembly meshing was added to
that, and Table (4) views its numbers. While,
figure (2) reveals the computational mesh for
the geometry of enclosure with different heat
sink configurations:

Flat plate, models (A- B- C- D- E).

Table 4. The effect of the amount of grid element on
the collected data

The shape Nodes Elements
Base Heat Sink 379458 2123624
Model A 1017046 5356320
Model B 748666 3948279
Model C 847713 4449055
Model D 983274 5165997
Model E 769701 4038323
Assembly Meshing 726316 3814457

Assembly Meshing

Figure 2. Meshing of the arcs-fin heat sink and

computation domain

4. Conservation Equations and Boundary
Conditions
Conservation of continuity equation is:

aw) , o) , aw) _
W"’E"’W‘O (1) [23]

Conservation of the linear momentum equation
for steady state:
— x- Component

%w%w%: Lo [
uo) (250)] + 35 |Gt o (5 + 50)] +
97 [(“ + ) (az ?3:)] )
-y - Component

a(u)+ 6(v)+ aa(z) _ _%g_; 5[(“4_
i) (55 + 35)] + 5 G+ o) (255)] +
o7 [(“ + ) (62 aa‘;v)] )
z- Component
e = s

) (5 S+ 35 G+ (55 + )] +
~w+ro(255)] (4)

Energy equation
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dx dy 8z  ox ; Pry/ 0x
D [(L g 1) 9] 4 O [(Ly )T
dy (Pr + Pr¢/ 0y + dz L\Pr + Pr¢) 0z (5)
For standard k-emodel
K- equation
ak) ak) k) _ 2 ue 9k
UDe TV %y TWH = sl 25 +

sl )5l e+ S5 +r—e @

€ — equation

Getvolrwi= (k) 5]+
e+ 23]+ 5 (e + ) 5]+ s -
Pczfzf]z (7)
Where:

pe=nf2]Ge) + (3) + () ]+

G+ +G 3 G ©

P, = Turbulent Prandtl number
Cre = 1.44,C,, = 1.92,
O = 1.0, Oz = 1.3,

fi = fo =1 (for standard k — £ models)

The computational domain is bounded by solid
(heat sink) and fluid (air). The solution domain
is filled with stagnant air. By supposing that the
heat being produced in the heat sink at an even
rate and can be denoted via (q°=c) from the
bottom. To simplify the proposed model
solution, the following assumptions are used:

e The working fluid is air, which has
constant properties.
e The conditions are steady state.

e The heat sink's sides are insulated, only the
fin surfaces and top surface of heat sink are
exposed to convection.

e The comparative pressure being zero Pa,
and the working temperature is 300 K,
with (5%) turbulence.

e The air temperature is at (300 K).

e The model case is turbulence, and the
standard k- model is used.

e The wall surface was in no-slip condition.

e Thermal conductivity is constant with the
exception of variations in air density in the
momentum equation’'s buoyancy term.

e There is no gravitational effect during
impingement.

e The term of viscous dissipation is
negligible.

e The heat sink is made of aluminum, which
has a density of 2702 kg/m?3, a specific heat
capacity of 903 J/kg. K, and (K) thermal
conductivity (237 W/m.°C).

e The wvalue of constant heat flux
(8333.33W/m?).

5. Analysis of Data Using SPSS Software
Analysis of variance (ANOVA analysis in the
SPSS software) is a statistical models group and
it is related estimation proceedings (like the
"variation" between groups) utilized for
analyzing the variation between group means in
specimen. ANOVA has been developed by the
statistician Ronald Fisher. It has been based on
the total variance law, in which the observed
difference in a special changeable is divided
into components attributable to various variation
sources. In its simplest shape, ANOVA provides
a statistical test of whether two or more
population means have been equal, so it
generalizes the T-test beyond the two means.
The temperature results obtained from these
tests may utilize to study the difference between
specimen and the significant influence of
treatment and factors [24].
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(SPSS) has been used for these considerations
using two ways ANOVA, and Table (5) shows

the summary of two ways ANOVA. [25].

Table 5. Two-way ANOVA summary

While,

figure (3) evinces the

legends of

numerical study that used in analysis.

DF SS MS F F -critical
Main effect A A-1 A Variance 2*N SSA/DFA  MSA/MSr DFA, DFr
Main effect B B-1 B Variance 2*N SSB / DFB MSB / MSr DFB, DFr
Residual (Error)  Total —-(A+B) SS total — (SSA + SSB) SSr/ DFr N/A N/A
Total N-1 Standard deviation 2*N-1)  N/A N/A N/A
Flat plate Model A Model B Model C Model D Model E
Temperature Temperature Temperature Temperature
Temperature
60z 3.189e+02 3.180e+02 o109 02 310102
3627e+02 3.187e+02 3.187e+02 ' 3.178e402 Sufiele 3.1009+02
36270402 3.184e+02 3.185¢+02 3.176e+02 I 3.175e+02 3.186e+02
| 36270402 3.182e+02 3.183e+02 3.173e+02 3.173e+02 3.184e+02
Syt 3.179e+02 3.181e+02 3.171e+02 3.171e+02 3.1820+02
H 3'mszs°m - 3.176e+02 3.179e+02 3.169e+02 3.168e+02 3.1790+02
g = 3.173e+02 3.177e+02 3.167e+02 3.166e+02 3.177e+02
o : 3.626e+02 3.170e+02 31750402 3.1650+02 3.164+02 31750402
(=4 3.628e+02 - 3.167e+02 3.1740+02 : ’ 2
E 3.625e+02 31640402 31720402 3.162e+02 3.162e+02 3.172e+02
I 3.625e+02 3 161e+02 31700402 3.160e+02 3.159e+02 3.170e+02
@ 36250402 | 3.158e+02 3.168e+02 3.158e+02 3.157e+02 3.168e+02
nd 3625e+02 3.156e+02 3.166e+02 3.156e+02 3.155e+02 3.165e+02
3.624e+02 3.153e+02 3.164e+02 3.153e+02 I 3.152e+02 3.163e+02
3.624e+02 - 3.150e+02 3.162e+02 3.151e+02 3.150e+02 3.181e+02
3624e+02 3.147e+02 3.160e+02 3.149¢+02 3.148e+02 31586402
3.624e+02 3.144e+02 3.158e+02 3.147e+02 3.146e+02 3.156e+02
ez o 3.141e+02 0 3.156e+02 3.144e+02 3.143e+02 31530402
1LY) Kl K] (K]
Temperature Temperature Temperature Temperature Temperature Temperature
3.1680+02 3.166e+02 3.158e+02 3,157e+02 3.1680+02
e 3.1650+02 3.164e+02 3.1550402 3.155e+402 3.166e+02
34210402 3.162e+02 3.162e+02 3.153e+02 3.1530+02 3.1630+02
34210402 3.1690+02 3.160e+02 3.151e+02 3 150e+02 3,181e+402
3.4200402 3.1560+02 3.158e+02 3.149e+02 3.148a+02 3.159e+02
34200402 3.153e+02 3.156e+02 3.146¢+02 3.1460+02 3,1560+02
o 3.4200402 3.150e+02 3.154e+02 3.14de+02 3.144e402 3.154e+02
o 3.4200+02 3.1476+02 3.1520+02 31420402 3141402 3.1520+02
b= 3.4208+02 3.1440+02 e 3.1408+02 3.139e+02 3,149¢+02
T 3.410e+02 3,141e+02 31460105 3.138e+02 3.137a+02 3.147e+02
@ 3.418e+02 3.138¢+02 31440402 3.1350+02 3.1350+02 3.1440+02
o 3.410e+02 3.1360+02 31420402 3.133e+02 3.132e+02 3.142e+02
3419e+02 3.133e+02 3.140e+02 3.1310+02 3.1300+02 3.1400+02
3419402 3.130e+02 3.138e+02 3.129e+02 3.1286+02 3.137e+02
3.418e+02 3.127e+02 3.136e+02 3.127e+02 3.126e+02 3.135e+02
3.4186+02 3.1248+02 3.13de+02 3.12d6+02 : ;
34188402 3.1216+02 3.132e+02 : 3128402 it
N ; ALt 3.122e+02 3.121e+02 3.130e+02
(K] IKi K1 1K1 1K1 Kl
Temperature Temperature Temperature Temperature Temperature Temperature
3403e+02 | 3.1520402 3.148e+02 3.1410+02 3.1420+02 - 3,150e+02
3402e+02 3.1490402 g-ugg:gg 3.139e+02 3.140e+02 3.148¢+02
3-40@’03 3.1460+02 s el 3.137e+02 3.1380+02 3.145e+02
f gmm.oz 3.1430+02 3-139:'02 3.1350+02 3.135e+02 3.143e+02
: 3.140e402 e 3.1320+02 3.133e402 3.141e+02
i 3402e~02 3.137e+02 a 35:’ = 3.1300+02 3.131e+02 3,138e+02
8 | 3401e+02 3.1350+02 3.128e+02 3.129e+02 3.136e+02
S 3401e+02 3.1320+02 3.133e+02 3.1260+02 3.126e+02 3.1340+02
S 3401e=02 3.129a+02 g:g;::gg 3.124e+02 3.1240+02 3.131e+02
i 3401e=02 3.126e+02 pE i 3.121e+02 3.1220+02 3.120e+02
I\ 3.401e+02 31230402 : 2 3.119e+02 3.119+02 3.127e+02
3.400e+02 3121402 3.124e+02 3.117e+02 31176402 3.124e+02
o 122640
3.400e+02 3.118e+02 g 202 og 3.115e+02 3.115e+02 3.122e+02
3400e+02 3.115e+02 3-: i 3.113e+02 3.113e+02 3.1200+02
3400e+02 3.112e+02 st 3.1100+02 3.1108402 3.1170+02
3309e+02 3.109¢+02 g 3.108e+02 3.108e+02 3 1150+02
3300e+02 3.113a+02
: 3.107e+02 o 3.106e+02 3.106e+02 3.113e+02
K1 1K1 1K1 e

Figure 3. The legends of the numerical study input in analysis



Journal of Engineering and Sustainable Development (Vol. 26, No. 01, January 2022)

ISSN 2520-0917

5.1 SPSS Program for Data Analysis

SPSS is a statistical software package used for
statistical analysis. The data for the numerical
distribution temperatures were analyzed with
SPSS program, those data were collected from a
numerical work for temperature distribution
with the variation of the effect of Reynolds
number with a two-way variation analysis. The
level of significance adopted during the analysis
of the empirical results data for the research is a
95%. So, the accepted error ratio is 0.05. To test
the effectiveness of factors, the calculated
significance was compared with 0.05. If the
calculated value is lower than (0.05), this means
rejecting the hypothesis of non-absence and
accepting the alternative hypothesis, which
indicates that the variables are effective in the
model. The opposite state (if the calculated
value is greater than the value (0.05), which
means that the variables are not affecting in the
model [24].

5.2. ANOVA Tables Resulting From Data
Analysis

The legend of the solid that resulted by using
ANSYS Fluent (2019-R1) at Re (7000-9000-
11000) for the two types of heat sink, were
presented in (figure 1). Temperature distribution
values represent the data entered in the
statistical analysis. Table (6) displays the
homogeneity of the values for Std. deviation,
the closer values of the Std. deviation is to zero,
the better it is. Table (7) shows that the value of
(F- value for Reynolds number) is 226.162,
while the value of (F-value for the model) is
7.413. This indicates that the Reynolds number
index is better than the (model), considering Re.
no. having the higher value. The table also
elucidates that the Re. no intersection with the
model is not significance at value (0.985).
Because the significance value is more than
0.05.

Table 6. Descriptive Statistics

Dependent Variable: the temperature

Re no Model Mean Std. N
Deviation

A1) 316.42353 1.455820 17

B(2) 317.25556 1.023961 18

1 C@3) 316.22941 1.127921 17
D(4) 316.15294 1.148977 17

E(5) 317.22941 1.187310 17

Total 316.66512 1.265540 86

A1) 314.43529 1.474339 17

B(2) 314.90000 1.067708 18

2 C@®3) 313.98235 1.119283 17
D(4) 313.91176 1.139014 17

E(5) 314.91765 1.195949 17

Total 314.43488 1.254804 86

A1) 312.90588 1.423671 17

B(2) 313.05294 1.092084 17

3 C@®3) 312.35882 1.113024 17
D(4) 312.40000 1.148913 17

E(5) 313.13529 1.177360 17

Total 312.77059 1.213890 85

A1) 314.58824 2.034173 51

B(2) 315.10755 2.018553 53

Total C@3) 314.19020 1.942499 51
D(4) 314.15490 1.919512 51

E(5) 315.09412 2.053720 51

Total 314.63074 2.022420 257

6. Results

In figure (4), the profile plot between the
estimated marginal of the temperature and Re
clarifies the effect of the arcs fins heat sink to
dissipate the heat comparative with the flat plate
heat sink. While in figure (5), the profile plot
between the estimated marginal of the
temperature and Re gives the models sort from
the best to the worst (D, C, A, B, and E) (4, 3, 1,
2, and 5). Although the models (B, C, D, and E)
are concave-convex arcs, but the model A is a
concave arc, the models of the concave-convex
arcs split into two groups: one group that
provided better heat dissipation than model A.
As for the second group, it performed below the
A model and represented by the models B and
E.
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Table 7. Tests of Between-Subjects Effects.

Dependent Variable: the temperature

Type 111 Sum Mean
Source of Squares df Square
Corrected Model ~ 698.842a 14 49.917
Intercept 25429634.6 1 25429634.6
Re 650.909 2 325.454
Model 42.668 4 10.667
Re * Model 2.678 8 .335
Error 348.246 242 1.439
Total 25442120.13 257
Corrected Total 1047.087 256

Partial Eta
F Sig. Squared
34.688 .000 .667
17671353.79 .000  1.000
226.162 .000 .651
7.413 .000 .109
.233 985  .008

a. R Squared = .667 (Adjusted R Squared = .648)

The explanation for this case is the location of
the concave arc, which generates large eddies.
They are in viscid and interaction with flow,
hence extracting energy from it. That leads to
increase the rotation of large eddies and produce
small eddies. The presence of a concave tail
towards the edges of the heat sink is better.

The cooling improvement of the electronic
modules and packages can be completed via a
diversity of methods, like raising the flow rate
of air, improving the air flow distribution, but
maximizing the surface area of heat sinks may
be increased or not if and only if the air flow
distribution was improved. The numerical
results of comparison between flat plate heat
sink and the model D demonstrated that the
average heat sink temperature in the suggested
design reduces via 12% and 8% for Re (7000
and 9000), respectively. After the best model
was determined, the five models were correlated
with the flat plate heat sink. The results
illustrated that there is a difference between the
new model that will be manufactured and the
basic one (flat plate). The relationship is not
strong as the correlation value is closer to its
value 1, the better it can be.

In other words, reaching a value of 1 means that
the new model matches the basic model 0 <
correlation < 1. This state did not show through
the results any mismatch, see figure (6).

Estimated Marginal Means of the tempreture
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Figure 4. Profile plot between the estimated marginal of
temperature and
Re (7000, 9000, and 11000) for flat plate with five models
of AFHS
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Figure 5. Profile plot between the estimated marginal of
temperature and
Re (7000, 9000, and 11000) for (A-B-C-D-E) models

Correlation coefficient between flat plate and
arcs-fins heat sink
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Figure 6. Values of the correlation coefficient between
flat plate and arcs-fins heat sink

e The models (B, C, D and E) have the
same numbers of concave-convex arcs
and same volume. Added to that, model
D is the same of the model E with only
reflected, the result showed that the
model E is the worst, while the model D
is the best.

e Model A is better than model B, and
model E instead of it has a smaller
surface area than model (B-E).
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e All state fin-heat sinks are in safety for
uses and are better than the flat plate
heat sinks.

e Model C is nearer to model D than the
other models.

e Model B is nearer to model E than the
other models.

e Improvement of the electronic modules
and packages cooling can be talented if
the air flow distribution was improved.

e Having a concave arc near the exit of
heat sink (model D) gives better effect
than having a convex arc (model E).

6.1 Validation

A validation case was recognized based on the
research published in 2020 belongs to Basim
Freegah, carried out for confirming that the
outcomes got from the run of simulation being
true, and the suppositions and the employed
models being usable. By utilizing the numerical
outcomes from Basim Freegah et al. [26] work
on numerical analysis by using Plate-fin of Heat
Sinks (PFHS) without fillet profile using the
type of parallel flow. Across the z-axis, the
coolant moves inside the heat sink. This state
was taken to establish and prove the accuracy of
the result. Table (8) views the geometry that
taken in the validation.

Table 8. The geometry that taken in the validation

No. of fins Length of base

10 40 mm

Thickness of base  Thickness of fin

5mm 1 mm

Width of base Flow rate

39.7mm 0.0092 kg/s

High of fins Space between two fins
20mm 3.3mm

This model was built to be numerically solved
by using ANSY'S Fluent program with the same
operation conditions. The validation result of
the (PFHS) temperature at the rate of mass flow
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(m° = 0.0092 kg/s) that obeys to parallel flow
shows a good correspondence between both
models, as shown in figure (7). The temperature
distribution of freegah is (from 345.3 to 351.6)
K, while in the present study, it is (from 347.1
to 352.8) K.

Basim Freegah Result

Present study result

e

l ) el ;

1 iNe=12

| 1210 '
15170
1502 o
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Figure 7. Comparison of the validation results of Freegah
and present study

6.2 Comparison

A comparison with [26] of diverse designs in
impinging flow for examining the thermal
efficiency of the proposed designs if offered to
impinging flow, and the base temperature at (m°
= 0.0092 kg/s) have been presented for models
(a-b-c-d-e-f).

Model (a) is a plate-fin heat sink without fillet
profile, model (b) is a plate-fin heat sink with
fillet profile, model (c) is symmetrical
semicircle pins in a vertical arrangement, model
(d) is corrugated semicircle pins in a vertical
arrangement, and model (e) is symmetrical
semicircle pins in a horizontal arrangement.
Finally, model (f) is corrugated semicircle pins
in a horizontal arrangement. All these models
were compared with the base temperature
counter for models (A-B-C-D-E) for the present
study at Re (7000, 9000, and 11000)
corresponding to the mass flow rate (0.00523
kg/s, 0.0067 Kg/s, and 0.008223 Kag/s),
respectively.  Anywhere, the temperature
displays more active heat distribution. g° (18750
W/m?), A (40 mmx 39.7 mm), and m° (0.0092
Kg/s) were used in (Basim Freege) study. The
present study was presented in gq° (8333.33
W/m?), A (60 mmx60 mm). By changing the
geometry and parameters of the fins-heat sink
with changing the rate of mass flow, the
improvement in the dispersion base cooling is
achieved. All states of the arcs-fin heat sink
have better result by comparing with the
research view, see figure (8).

The comparion between Basim Freage results and present results
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Figure 8. The comparative result between (Basim Freage) and
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7. Conclusion

The increasing of Re for flat plate heat sink
(conventional) enhances the dissipations of heat
by 6% and 5% at Re (9000 and 11000),
respectively. The new models of fins and the
shapes that were chosen at the same thickness,
distance between fins, length, height of fins, no.
of fins, array of jets and its diameter were kept
constant to be compared and analyzed
depending on the geometry improvement of the
heat sink fin. Under the same flow rate, the heat
transfer performance of the arcs shape fin for
model D appeared better among the other
shapes of arcs fin (figure 4). However, the
reflected shape (model E) leads to weaker
performance. The results of comparison
between flat plate heat sink and model (D, E)
manifested that the average temperature of heat
sink in the suggested design reduced via 12%,
8%, while the model E decreased by 12% and
7% for Re (7000 and 9000), respectively. The
two models maintained the same percentage of
(8% and 7%) improvement at Re (11000). The
disadvantage with flow through the heat sinks is
the rise in air temperature caused by upstream
power dissipation. The heat sink design for a
particular rate of flow and the air temperature
inlet can finish up in a device, where the air
comes in the heat sink at a slightly more
temperature and can even bypass the heat sink.
Careful study or testing is essential to the actual
system condition; in order to confirm that the
design is successful. Air impingement, in which
the air being ducted straight to the heat sink as
well as pushed into it, is one way to solve these
challenges. Then, the flow rate and the air inlet
temperature being further exactly understood.
Such method being expensive since each
implementation necessitates unique manifold,
stiffener, heat sink, and the overall device of
mechanical designs. Also, the impingement
needs further space in the dimension vertical to
the boards; to permit for the ducts and the

manifolds directing the flow. But, the benefits
are too important mainly for applications in
great power by employing the air cooling.
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Abbreviations

| Length of jet, mm

d Diameter, mm
t Thickness of plate, mm
q° heat flux,i2
m
H height of fins ,mm
(nxn-5) fin array
(n-1xn-5) hole array in Nozzle plate
R Radius of each arc of fin, mm
Su longitudinal pitch of arc fin array, mm
St transverse pitch of arc fin array, mm
7/d Ratio of the jet to the target plate spacing and
nozzle
Reynolds of the jet based upon the velocity
Re of jet, 2254 “:dj
A Base area of heat sink, mm?
Ap Pressure drop, KPa
K Thermal conductivity,%
DF Degree of freedom
SS Sum of squares
MS Mean square
F F values
F-critical Critical statistics F
ANOVA "Analysis of Variance"
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