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USI NG OF FLOW RQWUWTENFOR OBPOBRNBTED CI RCUIT
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ABSTRACT

Ef fective cooling of electronicdesmmponamtds edlfdays ear yi.
the effects of using the flow routing plate in coolin
effects of the flow routing plate on t het Isaomirncaers naitx e
side walls of the horizont al channel , were investig:
protruded heat sources were equippededas wadows . i Nwuanet |
i nvesti gvatreedcautrifor different plate inclination angl
number s. It is observed that the wusing of flow rout |
comparison to the case wiol hogt cphat ¢é¢i and €eohamat¢és viah
analyses. The highest heat transfer enhancement occur
and plate i 0btyaildn e=tAiedmeam@glsaul ts obtaines a@wuei pgesdret a
det ai | in the form of graphics for the row averaged
temperature contour s.

KeyworHds:i zont al channel , FI ow routing pl at e, Mi xed c ¢

NTRODURNTI O

Reducing the size of electronic devices and increc
in the electronic chips and can cause damage over a
cooling methods hoarv et hbee emu rdpeovseel opfe dprfeventi ng the te
damage. I n these studies, chips in electronic circuit
and Pergn's numerical study, mi kedtcoeouecktisopl heatd at
the channel was investigated at the different Re and
channel entrance [1]. Numeri cal results showed that
occured for the plate inclination angle of 30U. Koric
on the heat transfer from the heaters in a horizontal
Reynol ds ]n.unmMietrhs t[h2e pl ate pl acement on the upper surf
by creating vortex flow of different sizes. I't has be
the use of groovedewdra,nnedrsdu dDtaevd dtstoen , e fhfoemct of i ncl i
t hat pl aced in a channel, on heat transfer and pres:s
pl acement increases heat tramufmeriamd rod uduroea Imed h.od
investigated. I n a numeri cal studyhapedi @d abat pbgpc Sn
rectangul ar horizont al channel on the heatetofnsher
plate and channel height were investigated [4]. Numer
plate inclination angle provides an increase in heat
and compametotwheh. Beig has carried out a numeri cal
position of a flow routing plate in the channel and r
from Re number [5] .bést hpesbeeanfoundhéhptatbédei s at t
transfer enhancement and flow uniformity. Abdol | ahi
opti mal pl ate shape and sl ope andgl.e Iy wasi nfg utnide t Fhaart ¢
pl ate angle on the heat transfer was |l ow in [ ow Re nu
hi gh Re number values. I n another study carmi éody out

using a punched triangul ar and rectangular vortex ge

enhancemehts %a bvmist ob3 ai ned with the punched triangul ar
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angl es. Zhou atnedd Ftehneg e fnfveecstt iogf t he pl ane and curved
vortex generators with and without punched holes on t
t hat the best heat transfsarnge mhancwrermeend wiarsg |l adhiwovret

experimental study performed by Chen et al., however,
transfer was investigated in a rectangnunlear [mi]Jc.r ocRamn
obtained from the experimental study indicated that t
for |l ow value of aspect ratio. I't has been reported
tramsife other studies <carrileéd .dihte ex wapte st lmer ad h abi el
that the placement of flow routing objects (plate, c
di fferent r at ipoasr adneepteenrdsi nsgu cohnn atshet he | ayout of the he
thickness, Re number, and aspect ratio.

In the studies related to the investigation of th
on heat tr ahresafteerr sf,r amhet heeat ers are placed only on th
detailed study of the use of flow routing plates wher
study, however, the ettfengspbédtehenusbeoheahetf howfer
numerically by forming a model in which the heat sou
internal channel flow conditions,prwhveirdeddh e3a® ats otumr xres
i

ncrease with the use of flow rotuing plate.

PHYSI CAL MODEL

The problem addressed in this study is the effect
from protruding heat sDhe cg@gsomet rai ehorficromdadli © htamer ed ¢
are givuerie. i AsFcgn bree deen hien pFiogruding heat sources
surfaces and the flow routing plates are | ocated betw

c) =
o ‘\/_3\
a) Heater rows L a
25 —.‘/ )
Flow directi ) Pray
ow direction x
v J,g s 8 4
. =
z
- 912.5 2125
Fi euhannel geometry (di mensions in mm.) a) Dimensi ol
MATHEMATI CAL MODEL
I'n the study, air was used as a coolant and analy
incompressibl a] pmopeéehei epshywérce constant under I ami |
Boussinesq approach is used to determine the effect o
vel ocity components (u, v, whew pilne stshuer es t(uRd)y aanrde tgei nvpeel

Conservation -obif menmasisorf oo rdamtackessisanunder lcaami reaer f |
written as shown by Eq. (1)
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Equation (2dendqt3g tamed qoAnservation equations of
respectivel vy,
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J7o0 1o 1o 10 TO0 TO 1O
°To YTe Y70 Ta Te Te Ta )

In the differential equations given above, u, v anére the velocity components in the x, y and z
directions respectively, Pfs|l ui d prebsudgna®i ¢ sviscosity of the fl ui
acceleration of gravity, b i s the ceamperafuiecTiisethefludof t he
temperature, ifiet is the inlet temperature of the fluid. In Eq. (3), the last expression on the right side of the equation
is used to determine the effect of the mass forces (Boussinesq approach).

The conservation of the energygiven by Eq. (5),

1 o T Ta Ol To T (5)

Where g is the specific heat of the fluid and k is the thermal conductivity coeffficf the fluid.

The boundary conditions for the channel inlet and
are given in EqQs. (6) and (7), respectivel vy,

O mv m 0QOGYQ Y 0
(6)
T o

o o 1Y
T @

The flow in the channel is symmetric with respect to the plane x = W / 2 passing through the channel
center. The corresponding symmetry boundary conditions are given by Eq. (8),

& IO 1o 1Y 1O
w w w w (8)
On the bottom, top and side surfaces of the channel and on the surfaces of plates and heat sslipces, no

conditions are defined and these surfaces are assumed to be insulated so that the heat flux acethis sero
except the surface of heat€Exy. 9).

6 mH mH TR
©)

The boundary condition on the heater surfaces is as given in Eq. (10),
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n N s
(10)

NUMERI CAL METHOD

The finite volumzolmed htolde warso ulserd amd numeri cal a
the ANSYS Fluent software. Because of the symmetry in
geometry giedniisnmbBidgl ed. The bouncdar yt oc smod ivtei drhe ahoa
equations were defined as fivelocity inletodo at channel
in CFD program. In addition, constant heat fl xxovyal ue

SI MPLE algorithm is used for discretization and s
plate. I n the case with plate, however, Coupled algor
convergenceondithen$l ow which natural <convection pre

pressure correction and the Second Order UPWI ND schem
to find the intermediate pobtainedl assaimeshétabfebhai
The analyzes continued u-ftfbrtmasseandumbmeantludmsc wase
for energy equations.

ANALYZI NG OF NUMERI CAL DATA

Numeri cal anal ysi s wasst apnetr faonrdmeudn i bfyo rgm vhienagt cfol u x
di mensionless parameters affecting heat transfer were
The Reynolds number (Re) was found by Eq. (11),

0 (o]
20— (11)
Where wyeti s t he velocity of air at the channel inl et
diameter () is calculated as follows,
) 10
o —
Us (12)
In this equation, Ais the crosssectional area of the channel,i®the perimeter of the channel.
Eqg. (13) was used to calculate the Grashof number (Gr),
N Y Y y
Lo XYY »
v (13)

Where T is the heater surface temperaturgedis the inlet air temperature, ands(Tiner)ave.valueis the
average temperature difference of 64 heaters.
The modified Grashof number (Gr *) is expressed by the following equation,

gn s

' 0 N (14)

Where Qonv.aveis the average convection heat flux in 64 heaters and k is the thermal conductivity of air.
The row average Nusselt number (MNuve ) is calculated by the following equation,

Q (15)

Where h denotes the convectiv@efficient of air and is found by Eq. (16),
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- N s 8
E
Yoy 8 (16)
In Eq.(16),4 & grepresents the average convection heat flux for the heater rows consisting of
four heater blocksand “Y "Y grepresents the average row temperature difference. If Eq. (16) is

substituted in Eq. (15), the following expression is obtained fayu.,

n s O
TQ.,Y Y 5

0o 8
7)

In order to understand the effect of the flow regime on the heat transfer, the Richardson number (Ri) is
calculated by Eqg. (18). Mixed convection condition is assumed when Ri number is approximately Ri = 1, the
condition in whichnatural convection predominates is assumed for Ri>>1, and the condition in which forced
convection predminates is assumed for Ri<<1 {18

iy
Y'Q (18)

VERI FI CATI ON OF NUMERI CAL RESULTS

Numeri cal results are ecmpgearnenénwial hstheadyresnldust e
validation. In the experimental study conducted by Ku
of a horizoohahnelctamdpl heeb| wereeocipntlivent@ doaft mrht kone (F
2). Starting from the rough mesh structure on the mod
formed and the most suitable mesh structure which is
strusctwirteh 64x80x377 points and 80x80x430 points al on
and without plate, comply with the experimental resul
structure was uskbsandwahdsnumbeheafece plate and cha
structure and cell di stribution generatedurd2mr Tthlee ve

graphsurBenskFogy t he comparison of the Nu number values
experi mental results forwia hc erntdaiwi tRedurt y rpl &art ies n d ;nb & i |

maxi mum error is 7%, obmpaséeddyorebattef @kperimdicat
numerical model are in good agreement with the experi
a) b)

‘ SR
FigurMesh structure famrd \call iladyatitisaarubtyiptlJhad fel=d)t0 e

I'n thyi,s tshteud denti cal mesh stunmnketaurre usrd .c &inll i kies
i n uk2eg only the heaters are plumrdeed linn otthhee rc hweorr ndesl, stihc
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rotated in thexiadagetché omumdr it h@l ysol ution is perfor me
the symmetry on the plane-apassing through the center

a) b)

Nurow ave.

Nurow ave,

Row number Row number
] experimental, bottom —8— 20x20x107 nodes, B experimental, bottom = 16x20%94 nodes, bottom
heaters bottom heaters heaters heaters
® experimental top ===+ 30x80x430 nodes, top ® experimental, top ==m = 6Ax80x 377 nodes, top
heaters heaters heaters heaters
—&6— 80x80x430 nodes, ==& == 60x60x323 nodes, top — GA4xB0X377 nodes, === 43x53%251 nodes, top
bottom heaters heaters bottom heaters heaters
—&— 60x60x%323 nodes, ==fy=+ 40x40x215 nodes, top —— 43x%53%x251 nodes, === 32%40%188 nodes, top
bottom heaters heaters bottom heaters heaters
—fr— 40x40x215 nodes, ~-3-- 20x20%107 nodes, top =t 32x40x188 nodes, =<+ = 16x20x94 nodes, top
bottom heaters heaters bottom heaters heaters

FiguGei 8. indeapeaodemar itseosnt wi t h feoxpdr ifhemtealt meaisnbletr s
(Re=2000,8% Glgt3a8ax10i bhowi t bl @at at e

Figure 4.Me s h and cel i for the pr

RESULTS ANDSDIOSICUS
The numerical study was carried out for variable
0 A, 30 A, 60( MA)fi ntchlei nfaltoiwo nr oauntgilnegs pl ates (Table 1).

Table 1 Numerical study parameters

Al'l cases Case with Casvdath plate

Re Gr * Ri U Ri

1000 1.5%10 5.6 30A 5

1000 1x40 2.4 30A 3.4
1000 5x10 2.1 30A 1.8
860 1.5%10 8. 2 30A 7.4
600 1.5%10 20 30A 19
1000 1.5%10 5.6 60A 4.5
1000 1.5%10 4 0 A 5.1
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As can be seen in Figuheabar fempalthtuvuaksearefr &d
at the inlet of the heater zone when the cases with &
that the first heater rows are affected mows hyethkhens
it is understood that the increase of heat transfer a
For the other Gr * values, the increase in Heaatéesans
that the increase in the number of Gr * as well as th
to the increase in heat transfer up to a certain valu
in Table 1

Anot her important factor affecting the amount of
graphs given in Figure 5b, it is seen that the value
in all values pfaRe phVatbhmerffenotthbheé heater zone entr

of heat transfer decreases with the decrease of air v
to the case without pl Rtee =r eldddDe s Tihtes fma xiemdu m ovma/lewcd i a
= 19) and a flow of natural convection conditions occ
heat transfer increase only for the first heater row

Fi @ur5c shows that whenA3 @l dAlGtteheanMulreowi save. nu
approximately the same values except for the first t
conditions have been achihea¢dtbrnisfhereasicogdi hg & moutl
U =AB60it is seen that the heat transfer from the all |

I'n Fi(g6)®es the velocity vectorseandnt hdet empersatw

without plate according tozthlklatGe Vvehombey evdanhges Wh
Gr * = 1.5x108 uwéecap, ekhei nedr ¢&s¢g in the heat transfe
the position of the first heater row become the great
the air flow directs toward the upper surface of the
shown i n cRiuglerse tthee, temperatures in the heaters near
t hat passes between the plate and the heater strikes
channel and then |lkebhelkeswithle thamnuheéeh)t énTilpiay hacesatiFomg
i nsufficient air flow and i neir.easeead etre mpemsat ures i n t
a) b) C)
55
55
as
£ 3 £
= S
=3 o =
15 <
1 2 3 4 s 6 7 8 1 2 3 4 s 6 7 8
. 2 .
¢ : ¢
e = -
= = =
51 2 3 4 s 6 7 8 sl 2 3 4 s L3 7 s
Row number Row numher Row numher
with plate with plate with plate
....... without plate weeeeee without plate <-4~ withoutpl
B Gr*=150E+08 W Re=1000 B a=30"
@ Gr'=1,0£408 @ Re=860 @® a=60"
A Gr*=50E4+07 A Re=600 A a=0"
Fi gbrevVar i MuoivuR&s8ifnfidw fvoar) 1mwGurmbebhuRbepxl)ate angl e
In the case without plate for Gr * = 1.5x108, the
channel with the natur al convection effect starting
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pl ane velpcahyg vhBcsocsauses increas@aiantth@cheatar the
Gr*=5x107, mi xed convection conditions occur. Theref
surface due to the effetorofhmatasal wicohhvacodi oht degt ¢
values in the heaters nueraérsatnhde 9%)op surface decreases.

Fiug@d8 and 11 show the velocity vectors and the t
without pllaye,ag etsipecRé veumber decreases to Re = 600.
number increases to Ri = 19 and Ri = 20, respectivel
amount of air directed deopdarhki ngppomutrfeacef fodc tt hef crhal
factor that causes the increase of temperature in the

the amount of air directed to the bdemter ofithhedechams
number .
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Figure 6. The case with plate ayz/plane velocity vectors, x=25mm, bxplane velocity vectors, y=75mm, c)
y-z plane temperature contours, x=25mm (Gr*=1.5x10 Re =1 000, U=30¢)
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Figure 7. The case withoyplate a) yz plane velocity vectors, x=25mm, byxplane velocity vectors, y=75mm,
c) y-z plane temperature contours, x=25mm (Gr*=1.8xR&=1000)
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Figure 8. The case with plate ayzplane velocity vectors, x=25mm, bzxplane velocity vectorg=75mm, c)
y-z plane temperature contours, x=25mm (Gr*=5x10 Re =1000, U=30¢)
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Figure 9. The case with plate a}z plane velocity vectors, x=25mm, bjzplane velocity vectors, y=75mm, c)
y-z plane temperature contours, x=25mm (Gr*=5xFe=1000)
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Figure 10.The case with plate a}plane velocity vectors, x=25mm, bjpplane velocity vectors, y=75mm, c)
y-z plane temperature contours, x=25mm (Gr*=1.5x10 Re =6 0 0 , U=30¢)

Figure 11.The case with plate a}z/plane velocity vectors, x=25mm, byplane velocity vectors, y=75mm, c)
y-z plane temperature contours, x=25mm (Gr*=1.%5xR&=600)

Figure 12.The case with plate a}plane velocity vectors, x=25mm, bjpxplane velocity vectors, y=75mm, c)
y-z plane temperature contours, x=25mm (Gr5x1., Re=1000, U=60¢)
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