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EVALUATION OF HEAT TRANSFER INCREASE ACCORDING TO THE 
DISTANCE OF THE FIN FROM THE IMPINGING JET INLET IN COMBINED JET 

FLOW CHANNELS USING TIO2-WATER NANOFLUID

Abstract

Today, when the transition of world countries to green energy is discussed, the method of 
obtaining energy and reducing the amount of use in all kinds of sectors are among the most 
important and crucial issues. The increase in the cost of energy affects the production costs, 
especially in the heat-intensive industry. However, the increase in the amount of heat 
production per unit volume in electronic devices whose dimensions have decreased with the 
development of technology; this is undesirable for the progress process in the sector. The 
cross-flow cooling method, which is used to increase heat transfer from electronic elements, 
is one of the most widely used methods. This method is based on the principle of sending the 
cold fluid over all the components with a fan, thereby cooling the entire electronic 
components. Another method of heat transfer is impinging jet cooling where cold fluid is 
locally sprayed onto an element with a high temperature with a nozzle. For this reason, it is 
difficult to reach the conditions that can keep the whole circuit safely with a single type of 
cooling method. Implementing the impinging jet and cross flow cooling method together can 
create a beneficial situation with high cooling capacity. When the literature is evaluated, it is 
seen that the number of combined jet flow studies in which impinging jet and cross flow are 
applied together using TiO2-Water nanofluid, which exhibits high heat transfer performance, 
is quite low. In this study, heat transfer and flow structures in channels, which are cube and 
cavity models, were numerically investigated using water and TiO2-Water nanofluids in 
H=3D height channels with combined jet flow with 30o and 60o angled fins. The fins are 
located at N=D and N=2D positions from the impinging jet inlet. Numerical analysis was 
carried out by solving the energy and Navier-Stokes equations with the k-
using the Ansys-Fluent program in a three-dimensional and steady. While the upper and 
lower surfaces of the fin and channel are adiabatic; a constant heat flux of 1000 W/m2 was 
applied to the model surfaces. The Reynolds number range studied for fluids is 5000-9000. 
Thermophysical properties of 2% volumetric concentration TiO2-Water nanofluid were 
obtained with the help of equations found in the literature. The results of the study were 
compared with the correlation obtained as a result of the experimental study in the literature 
and the results were found to be compatible. The results were analyzed as changes in the 
mean Nu number for each cube and cavity model surface in the channels. However, velocity-
streamline and temperature contour distributions of the TiO2-Water nanofluid were visualized 
for different fin angles (30o and 60o) and placements (N=D and N=2D) for the Re=9000 
value. Nuo and To values were evaluated comparatively in cases where the Reynolds number 
is 7000, N=D and N=2D, and water and TiO2-Water nanofluid are used for all model surfaces 
in the channels. As a result, it was determined that the average Nu number (Nuo) values for 
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the channel using TiO2-Water nanofluid at 60o angled N=2D fin position, compared to the 
channel without fins and the channel using water, increased by 41.35% and 38.47% for the 
cube and cavity models, respectively.

Keywords: Combined jet flow, Nanofluid, TiO2-Water, Numerical Heat Transfer.

Teamah ve ark., 2015).

mesafeyi (H/Dh) boyutsuz olarak 4-

desenl

-

o, 22.5o

o

-Su 



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
81

-

- - -5w) gibi 
-

-

2

-

2O3-Su 

(2021) nano-

2-Su 

daki gibi kanal ve model 

o ve 60o

TiO2-

-Stokes
denklemlerinin Ansys- -

1000 W/m2 -
9000'dir. %2 hacimsel konsantrasyona sahip TiO2-

2- -

ort ve Tort



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
82

2-Su 
(Titanyum dioksit-
bu

ve ark., 
2011).

                              (1)

3

                              (2)

                              (3)

                              (4)

Tablo 1. 0oC)

Su
TiO2 TiO2-Su
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Tablo 2.

D 15 (mm)
L 66D
W 4D
H 3D
M 20 (mm)
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Re=7000 - K=D - N=2D H=3D
Oyuklu Model 

Su Nuo 108,889 105,227
30o Su Nuo 123,798 113,348
60o Su Nuo 141,707 133,667

TiO2-Su Nuo 119,531 114,744
30o Kanat TiO2-Su Nuo 135,181 124,218
60o TiO2-Su Nuo 153,922 145,713

Su To (K) 305,542 305,676
30o Su To (K) 305,290 305,466
60o Su To (K) 304,727 304,833

TiO2-Su To (K) 305,135 305,320
30o Kan TiO2-Su To (K) 304,926 305,070
60o TiO2-Su To (K) 304,447 304,533

Re=7000 - K=D - N=D H=3D
Oyuklu Model

Su Nuo 108,889 105,227
30o Su Nuo 115,651 109,621
60o Su Nuo 132,426 121,988
K TiO2-Su Nuo 119,531 114,744
30o TiO2-Su Nuo 126,649 120,197
60o TiO2-Su Nuo 144,177 133,337

Su To (K) 305,542 305,676
30o Su To (K) 305,446 305,661
60o Su To (K) 305,073 305,259
Ka TiO2-Su To (K) 305,135 305,320
30o TiO2-Su To (K) 305,057 305,238
60o TiO2-Su To (K) 304,739 304,894

Tablo 4. 
o ve To

Tablo 5. 
o ve To
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