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The laminar convective heat transfer in ventilated space with various horizontal partitions was

studied numerically and experimentally. For the numerical study, the governing equations were

solved by using a finite volume method for various numbers Re, Gr, Pr and partition numbers.

The experimental study was conducted by using a holographic interferometer. The isotherms

and velocity vectors have been presented for various parameters. As the number and length of

partition ncreased, convective heat transfer decreased. Based on the numerical data, correlation

equations were obtained for the mean Nusselt number in term of Gr/Re2
• In the region of

Gr/Re25: 1, the mean Nusselt number was small, but in the region of Gr/Re2>1, the mean
Nusselt number was constant.

Key Words: Laminar Heat Transfer, Reynolds Number, Grashof Number, Partitions, Ho
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Nomenclature-----------
b : Inlet breadth of space em]

g : Gravity acceleration [m/s"]

Gr : Grashof number

h : Convection heat transfer factor Iw/m2
• k]

k : Conduction heat transfer factor lw/rn- k]

L p : Dimensionless length of partitions

lp : Length of partitions em]

Nu : Local Nusselt number

Nu : Mean Nusselt number

Nuo : Mean Nusselt number without partition
n : Normal coordinate to wall

Pr : Prandtl number
Re : Reynolds number
T : Temperature [Oc]
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u : X direction velocity [m/s]

v : Y direction velocity [rn/s]

x : Horizontal coordinate em]

y : Vertical coordinate [m]

/3 : Thermal expansion coefficient [K-1]

J.l : Viscosity [kg/rns]

II : Kinematic viscosity [m2/s]

e : Dimensionless temperature

p : density [kg/rn"]

Subscripts

in : Inlet of space

w : Heated wall

1. Introduction

Convective heat transfer in space partially

divided by single or multiple dividers has received

considerable affect in recent years. Ede(l976) has

reported characteristic results of laminar and tur

bulent flow in natural convection mode and the
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The following dimensionless quantities were

introduced

(9)

(4)

(3)

(13)

(12)

(10)

a(puv) + a(pv2
)

ax ay

_ ap ( OZv OZv )
-- ay +,u axz+ ay2 +pg[3b..T

(5)

(6)

Heated surface (bottom wall) : T= T w (7)

Isothermal surface and partitions: ~~ =0 (8)

Inlet: u= U«; v=O, T= Tin
av sr

Outlet: ay =0, u=O, ay =0

Energy:

a(uT) + a(vT)
ax ay

The discretization method used to solve the

differential equations is a control volume ap

proach. The discretization scheme used for

convection-diffusion formulation is a hybrid

scheme. The SIMPLE solution procedure with
a line-by-line method, a staggered grid, and

under-relaxation was used in this study. As the

convergence condition, the total grid errors in

mass flow rate of under 0.3% was adopted.
Two dimensional grid number is 80 X 80, and

the boundary conditions wese as follows.

2. Mathematical Analysis

The governing equations for steady, two-dim

ensional, Navier-Stokes equations incorporating

Boussinesq approximation can be written as:

cooling performance of multichip module was

reported by Choi and Cho (2000). The numerical

model for a square cavity enclosure was

developed and studied experimentally by Ober

kampf (1976), Penot and Pavlovic (1986),

Suzuki et al. (1993), Yang and Tao (1995), and

Papanicolaou and Jaluria (1995). They also

presented combined natural convection and radi

ation in a heated square enclosure and also tur

bulent combined free and forced convection heat

transfer in an isothermal cavity. Yiicel and

Acharya (1991), Hanjalic et al. (1994), Chung et

al. (1994) and Lakhal et al. (1994) studied heat

transfer in a square enclosure with partitions and

reported flow patterns, and some correlations. To

improve indoor ventilation. Lee et al. (2000) has
reported the ventilation effectiveness for mech

anical ventilation systems with forced or natural

inlet and outlet. Launder, B. (1974), Cheesew

right. R. (1986) and Davidson, L. (1990) report

ed the flow and temperature distributions in cavi

ty by using turbulence models.

In this research work, laminar convective heat

transfer was analyqed and compared with
experimental data. The effects of Reynolds num

ber, Grashof number, and the number and length

of partition in the ventilated space were analyzed.

And also, correlation equations with various

parameters were suggested, and these equations

can-be used to design the heat treatment of printed
circuit board and building space.

Continuity:

(I)

The size of partition thickness is one half of

inlet breadth, and the local Nusselt number Nu
and the mean Nusselt number Nu were calculated

as follows .

Momentum:

o(pu2
) + o(puv)

ax ay

=_ ap +,u( a
2u + aZU)

ax axz ayz

(2)

. local Nusselt number:

Nu=hL=_ ae I
k ay y=o

. mean Nusselt number:

- IfNu=y Nu·dx

(14)

(15)
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The geometry for numerical study are shown
schematically in Fig. 1. Air enters from the lower

inlet of the left wall with temperature Tin and

uniform velocity U« and flows out through the
upper outlet. The bottom surface is maiatained at

TID, and the other surfaces are adiabatic. Three

different cases were considered without partition;
I-partition; and 2-partitions with inlet and outlet

size of 1/1OL.

3. Results & Discussion
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Figure 2(a) and (b) show schematic diagram

of holographic interferometer and the details of

the test section. The test section with an inlet and

an outlet were made of lOmm-thick bakelite.
The inlet velocity was measured by a hot-wire

anemometer. The temperature measurement was

conducted by using a T'-type thermocouple, a

hybrid recorder and a PC. A holographic inter

ferometer was used for visualization as shown in
Fig. 2 (b) .

The experimental and numerical results are
compared in Fig. 3. The velocity and temperature

difference are O.3m/s and t::. T=20, respectively.
In the cases of l-rpartition and no partition, the

calculation and experiment showed a good agree

ment. However, of the 2-partition cose, there were
some differences between the calculation and the

experiment. Numerical and experimental errors

may have resulted from the constant property

assumption, the neglection of radiation heat

transfer, optical problem, and the imperfect

(a) Schematic diagram of Holographic
Interferometer

E
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N

(b) The I-partition test section of experimental study

Fig. 2 Schematic diagram and test section

insulation. However the qualitative agreement of

two results were favorable. The local Nusselt
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(a) experimental results

(b) numerical results

Fig.3 Comparison with numerical and experimental results at Re~200, Gr~2870, Pr~O.71

numbers on a heating surface are represented in
Fig. 4 and Fig. 5 for various lengths (Lp) with

Gr1Re2= 8 X 10- 4
, 9XIO-3 and 5.3. The local

Nusselt numbers decreased for 4<X<6 as shown

Fig. 4(a). But, in the region of X>8, the Nusselt
number increased because of a velocity recircula

tion attachment area as shown in Fig. 3. In these

Fings, the horizontal X value represents the

dimensionless value of Lib. As the length of

partition increases, the position X for the mini-

mum Nusselt number became short because of the
flow separation point as shown in Fig. 3. But, for

a large GrlRe2 as shown in Fig. 4(c), the heat

transfer was not influenced by the partition

length" and this area coincided with constant
room temperature area as shown in Fig. 6.

Figure 5 represents the local Nusselt number on

a heating surface for the 2-partitions case. The

local Nusselt number distributions is similar to

the I-partition, case.



-()- lp= a
-Lp-l
_Lp::r3
->- Lp.:llS

-Lp~o

-Lp~1

_1.p=-3
-Lp=5

_2-j>8rtt11ons

o'----'-----'-----'----"---__....J

30,...------------------.....,

30,...------------------.....,

.8
E
:J
Z

-Lp=o
-- Lp=1
-0- Lp=3
-0- Lp=5

_ l-portillon

_1-pl11tl11on

-Lp-O 2S
-Lp-1
_Lp=3

iii_Lp=5 .0 20E
:J
Z

'ii 15:z
:Jz

~ 10
...J

Kangyoul Bae, Hanshik Chung and Hyomin Jeong

0

30
2S

!
E
:J
Z

'ii....
:J
Z

~
...J

680

30
2S

iii
.0 20E
:J
Z,.

=
15

:J
Z

~ 10
...J

30..--------------------, 30,...-------------------.
with:2.partit1ons

10

-Lp-O
-Lp=1
_Lp=3
_Lp=5

2
oL::::::::::~
o

2S

4

Healing Surface

(c) Gr/Re2=5.3

Fig. 5 The distributions oflocal Nusselt number at a
heating surface in case of 2-partition

!
E
:J
Z

)
~

108

--Lp=o
-Lp-1
-Lp=3
-0- Lp-S

84
00'----'-----'-----:-----'----'

2S

Heating Surface

(c) Gr/Re2=5.3

Fig. 4 The distributions of local Nusselt number on
a heating surface in case of f -partition

Generally, as the length and number of parti

tions increase, the convective heat transfer de

creases. The small cell can be found under the

partition as the length and number of partitions

increase. The cell decreased heat transfer because
the hot air cell from the heationg wall stagnated

under the partition. Judging from the velocity

vectors obtained from the numerical solution, a

recirculation area appeared under the parnnon,

and a strong recirculation cell was formed by

increasing the length and the number of

partitions.
In the cases of lr-partition and 2-partitions, the

dimensionless mean room temperature versus

Gr /Re2 for various partition lengths is shown in
Fig. 6. The vertical axis shows a dimensionless
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1.1~-----------------....,

Table 1 Constants for NufNusw a- (Gr/Re2
) b

Partition Partition length Constants

number Lp a b

1 0.984 0.027

1 2 0.977 0.058

3 0.966 0.075

1 0.985 0.013

2 2 0.972 0.054

3 0.964 0.089
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Fig. 6 The mean room temperature versus Gr/Re2

for various length of partition
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4. Conclusions
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Fig. 7 The mean Nusselt number versus Gr /Re2 for
various length of partition

(16)

Natural convective heat transfer III ventilated

space with horizontal partitions have been stu

died numerically and experimentally.

(1) As the number and length of partitions

increase, the convective heat transfer rate de-

mean room temperature nomaliqedly the a mean

room temperature in the no partition case. The

peak mean room temperature can be found at

Gr/Re2 = O.1 in the I-partition case for Lp=l, 3
and 5. However, the peak mean room temperature

can be found at Gr/Re2=6 X 10- 3 for Lp=3, and

Gr/Re2= O.1 for Lp=l, 5in 2-partition case.

These results show that the longer length of par
tition increases the room temperature.

The mean Nusselt number Nu/NUo versus
Gr/Re2 for various lengths of I-partition and

2-partitions is shown in Fig. 7. At Gr/Re2 >1,

the mean Nusselt numbers for all cases converge

to the same value. These results imply that the
length and the number of partition have no effect

on the heat transfer rate. However, in the region

of Gr/Re2< 1, the heat transfer rate decreased

very rapidly with the partition length.
From the numerical results, the correlation for

NulNu« is shown Eq. (9) and the corresponding

constants are given in Table 1.
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creased.

(2) A comparison of experimental and numer

ical isotherms showed qualitatively good agree

ment in case of l r partiticn and without partition.

Howere, there was some difference in the 2-parti

tion case when Lp was great than 3.

(3) The heat transfer rate was ruoe strongly

influenced by the partition length than by the

number of partitions.

(4) For Gr/Re2 > 1, the mean Nusselt number

and mean room temperature had no relations to

the length and number of partitions.

(5) From the numerical results, a correlation

was obtained for the mean Nusselt number in

terms of Gr/Re2
.
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