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Numerical Analysis on the Heat Transfer
Enhancement by Various Turbulence Promoter in

Rectangular Channel

Department of Refrigeration and Air—conditioning Engineering,In—Geun Jang
Industry Pukyong National University

Directed by Professor Kwang—Hwan Choi

Abstract

The rapid increase in the use of fossil fuels since the industrial revolution
has been accompanied by the conventional usse of fossil fuels, as well as
the depletion of conventional fossil fuels, as well as environmental
problems, mineralization of resources in resource—rich countries, and
waste. In order to cope with these resource and environmental problems,
the necessity and urgency for the development of alternative energy such
as renewable energy will be even greater.

The research on solar and photovoltaic systems using dual solar energy
has been actively carried out. In the case of photovoltaic modules, the
power generation efficiency is decreased due to the temperature rise due
to the solar radiation input. In order to solve the problem that occurs lower
than the autumn, when the heat transfer to the air channel through which
the air flows from the back surface of the solar cell is caused, only a
simple air channel is installed, so that both the solar heat air and the air
solar / Heat efficiency is shown. Therefore, it is necessary to improve the
heat transfer performance from the absorption plate or the solar module
into the air channel. One of these methods is to install a turbulence
promoter in the air channel to increase the local velocity between the
upper heat transfer portion and the flow air and to change the air flow by
the turbulence promoter in the air channel that can make heat transfer
performance becomes higher.

Thus, in this study, numerical analysis for confirming heat transfer and

\



pressure drop according to the shape of turbulent promoter was conducted.
The purpose of this study is to find suitable shapes for the system. The
turbulence promoter was installed in a heat transfer section in a
rectangular channel for triangular, pin type, quadrant and square shapes.
Heat flux of 1000W/m? was applied to the upper side surface as a heat
source. Heat transfer performance was evaluated according to the shape of
the turbulence promoter.

As a result, it was found that heat transfer performance was improved
from 1.29 times to 1.45 times when the square shape turbulence promoter
was installed than the heat transfer in smooth duct. Also results show that
the heat transfer performance increases significantly in the order of
triangle, pin type, and quadrant. In case of friction factor representing
pressure drop have a large value in the order of pin type, triangle, square,
and quadrant. It is also found that the value increases from 5.41 times to
11.4 times. In addition, it was confirmed that the increase of the pressure
drop was accompanied by the increase of the heat transfer performance
due to the installation of the turbulence promoter in the square channel.
Therefore, performance factor considering both the improvement of the
heat transfer performance and the increase of the pressure drop was also
confirmed and higher value was shown in order of square, triangle,
quadrant, and pin type turbulence promoter. Thus, it is considered that the
rectangular shaped turbulence promoter is suitable for practical application
in the future. However, in case of square shape, the performance varies
depending on the installation interval, height and length in the square
channel. So, it is need to be carry out an additional examination of heat
transfer and pressure drop with change of installation conditions for
finding optimal installation conditions of this turbulence promoter.
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Nomenclatures

: Velocity of fluid

: Pressure

: Height of air channel

: Height of obstacles

: Radius of protrusion

> Installation distance of obstacle

: Reynolds number

: Prandtl number

- Nusselt number

: Hydraulic diameter

: Thermal conductivity

: Convection heat transfer coefficient
: Heat transfer rate

: Mass flow rate of flow air

: Specific heat

: Mean temperature of heat plate

: Arithmetic mean temperature of flow air
. Inlet air temperature

: Outlet air temperature

- Friction factor

: Turbulent intensity

: Absorber plate length

Vii

[m/s]
[Pa]

[W/mK]
[W/m?K]
(W]
[ka/s]
[kd’kg K]
[°C]

[*C]

[°C]

[*C]

[-]

[-]

[m]



Subscript
air Air

avg . average

Greek symbols
p : Density of fluid
u : Dynamic viscosity coefficient

v : Kinematic viscosity coefficient

viii

[kg/m°]
[Ns/ m?]

[m?/ 5]
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Absorber plate q = 1000W/m?
VA bt bty il

Air in Air out

450mm(=2VWH) 800mm 790mm(=3.5vWH)

Fig. 1 Schematic view of simulation model with boundary condition
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section
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Fig. 2 Schematic 3D model of 2D analysis for heat transfer performance in
rectangular channel



(c) Quadrant (d) Square

Fig. 3 Shapes of turbulence promoter for analysis of heat transfer
performance

Table 1  Geometric conditions of turbulence promoter

Parameter Value (m)
h 0.05
d 0.2
t 0.001
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Table 2 Simulation conditions for boundary conditions of inlet air

Re(—) 4,000 7,000 10,000 13,000 16,000

Vave(m/s) 0.3506 0.6135 0.8764 1.1394 1.4023

Mass flow rate

0.0215 0.0376 0.0537 0.0698 0.0859
(kg/s)

Turbulence 5674 | 5200 | 5060 | 4.896 | 4.771
Intencity (—)

Dh (m) 0.167 0.167 0.167 0.167 0.167

0.000 0.050 0,100 ()
[ =——

0.025 0.075

Fig. 4 Close up view of computational domain of the two—dimensional

non—uniform mesh

Table 3 Simulation conditions for two—dimensional analysis

Parameter Value
Length(mm) 2,040
Duct size Width (mm) 500
Height (mm) 100
Heat flux (W/m?) 1000
Hydraulic diameter (m) 0.167
Aspect ratio(—) 5
Inlet air temperature (K) 300
Outlet air pressure (Pa) 101325

10
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Fig. 5 Comparison between Nusselt number using different turbulence

models with Dittus—Boelter equation
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Fig. 6 Comparison between friction factor using different turbulence
models with Modified—Blasius equation
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Fig. 7 Average percent error of Nusselt number with different turbulence
models
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Fig. 9 Nusselt number with respect to turbulence promoter with various

Reynolds number
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Fig. 11 Velocity contours for triangle turbulence promoter with various
Reynolds number
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015

(e) Re=16,000

Fig. 12 Velocity contours for fin type turbulence promoter with various
Reynolds number
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(b) Re=7,000

(e) Re=16,000

Fig. 13 Velocity contours for quadrant turbulence promoter with various
Reynolds number
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(a) Re=4000

(b) Re=7,000

(c) Re=10,000

(d) Re=13,000

(e) Re=16,000

Fig. 14 Velocity contours for square turbulence promoter with various
Reynolds number
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Fig. 15 Velocity vector for triangle turbulence promoter with various
Reynolds number
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(a) Re=4000

(b) Re=7,000

01

" (d) Re=13,000

005 o

(e) Re=16,000

Fig. 16 Velocity vector for fin type turbulence promoter with various
Reynolds number
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(a) Re=4000

(b) Re=7,000

Fig. 17 Velocity vector for quadrant turbulence promoter with various
Reynolds number
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Fig. 18 Velocity vector for square turbulence promoter with various
Reynolds number
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(e) Re=16,000

Fig. 21 Pressure contours for triangle turbulence promoter with various
Reynolds number
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Fig. 22 Pressure contours for fin type turbulence promoter with various
Reynolds number
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(a) Re=4000

(b) Re=7,000

View 1 ¥ Re10000 ¥

(c) Re=10,000

(e) Re=16,000

Fig. 23 Pressure contours for quadrant turbulence promoter with various
Reynolds number
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(a) Re=4000

(b) Re=7,000

(d) Re=13,000

ANSYS

(e) Re=16,000

Fig. 24 Pressure contours for square turbulence promoter with various
Reynolds number
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