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INVESTIGATION OF THE EFFECT OF LENGTH CHANGE OF FIN PLACED IN 
CROSS FLOW-IMPINGING JET FLOW CHANNELS WITH AL2O3-WATER 

NANOFLUID ON FLOW STRUCTURE AND HEAT TRANSFER

Abstract

With the impact of global climate change being felt in recent years, efforts to transition to a 
green economy have started to gain momentum all over the world, especially in European 
countries. In this context, it is aimed to evaluate the production of energy in terms of 
sustainability; and to make its use economical and efficient. For this, first of all, especially in 
the energy-intensive industrial sector; Attention is paid to ensure that all kinds of devices and 
equipment produced are systems with high energy efficiency and long life. With the 
technological progress in the electronics industry sector in recent years; decrement in size and 
volume. However, although high-tech products in small volumes are advantageous for users; 
This creates a troublesome situation for producers, which means more heat is produced in 
unit volume. This situation necessitates the use of more effective cooling techniques in 
electronic devices. 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. Although Al2O3-
Water nanofluid is a heat transfer fluid used extensively in heat transfer research; In the 
literature research reached, it has been determined that the number of jet flow studies in 
which cross flow and impinging jet flow are applied together is quite low. In this study, heat 
transfer and flow structures in channels, which are cube and trapezoidal models, were 
investigated numerically using water and Al2O3-Water nanofluids in combined jet flow 
channels with 30o and 45o angled fins. The fins are located at a fixed N=1.5D distance from 
the impinging jet inlet to the channel; fin lengths are taken as K=D and K=1.5D. Numerical 
analysis was carried out by solving the energy and Navier-Stokes equations with the k-
turbulence model 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 
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W/m2 was applied to the model surfaces. The Reynolds number range studied for fluids is 
5000-9000. Thermophysical properties of 2% volumetric concentration Al2O3-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 depending on the fin length for each cube and trapezoidal model 
surface in the channels. In addition, velocity-streamline and temperature contour distributions 
of Al2O3-Water nanofluid were visualized for different fin angles (30o and 45o) and lengths 
(K=D and K=1.5D) of Re=9000. The mean Nu number (Nuo) and model surface temperature 
(To) values were evaluated comparatively when the Reynolds number was 9000 and K=D and 
K=1.5D, and water and Al2O3-Water nanofluids were used for all model surfaces in the 
channels. As a result of the study, 18.62% and 19.51% increments in Nuo number were 
obtained with Al2O3-Water nanofluid used in finned channels with 45o angle and K=1.5D 
length at Re=9000 compared to the finless and water-fluid channels for the cube and 
trapezoidal models, respectively.

Keywords: Cross Flow-Impinging Jet Flow, Nanofluid, Al2O3-Water, Fin
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Tablo 1. oC)

Su Al2O3
Al2O3-Su

nanoa

k (W/mK) 0,6172 40 0,6488

3) 995,8 3970 1188,23

cp (J/kgK) 4178,4 765 3925,47

2) 803,4x10-6 - 0,0010531

-
-

- erjinin 

model olan k-

-

0i

j

u

x
                              (5)

Momentum denklemi
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Enerji denklemi
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Tablo 2.

D 15 (mm)
L 66D
W 4D
H 3D
M 20 (mm)

30o ve 45o

N 1,5D
K D, 1,5D

Tablo 3.
a)
b) n olarak su, %2 Al2O3-

c)
d)
e)

f) =Patm)
g)

h)

0.5 0.41,29Re PrNu                                (19)

-
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Re=9000 - N=1,5D - K=D H=3D
Yamuk Model

Su Nuo 127,421 123,979
30o Su Nuo 139,836 129,902
45o Su Nuo 146,381 136,166

Al2O3-Su Nuo 135,943 132,152
30o Al2O3-Su Nuo 143,109 137,415
45o Al2O3-Su Nuo 152,758 143,754

Su To (K) 304,955 305,039
30o Su To (K) 304,857 304,952
45o Su To (K) 304,686 304,781

Al2O3-Su To (K) 304,698 304,772
30o Al2O3-Su To (K) 304,638 304,721
45o Al2O3-Su To (K) 304,552 304,611

Re=9000 - N=1,5D - K=1,5D H=3D
Yamuk Model

Su Nuo 127,421 123,979
30o Su Nuo 137,125 131,940
45o Su Nuo 144,887 140,338

Al2O3-Su Nuo 135,943 132,152
30o Al2O3-Su Nuo 140,320 139,578
45o Al2O3-Su Nuo 151,153 148,179

Su To (K) 304,955 305,039
30o Su To (K) 304,888 304,918
45o Su To (K) 304,662 304,712

Al2O3-Su To (K) 304,698 304,772
30o Al2O3-Su To (K) 304,670 304,688
45o Al2O3-Su To (K) 304,528 304,542

Tablo 4. ka
o ve To

Tablo 5. ka e 
o ve To
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B

m/s

(a)



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
74

K

(b)

K

(b)

m/s

A 30o - K=D

(a)

K

(b)

m/s

(a)

A 45o - K=D

30o - K=DB

m/s

(a)

S K

(b)

B

(a)

m/s

45o - K=D

K

(b)

K

(b)

A 30o - K=1,5D

m/s

(a)

B 30o - K=1,5D

m/s

(a)



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
75

-

-

-

- 2O3-

- o
2O3-

-

K

(b)

45o - K=1,5DA

(a)

m/s

K

(b)

K

(b)

m/s

A 45o - K=1,5D

(a)

K

(b)

A- - -



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
76

-

- in de (su 

- o

-

elde edilmektedir. - Yamuk modelde, Re=9000 ve 45o

- o
2O3-

o

- o

- Artan Nuo o

-2021-

Abdullah, M. F., Zulkifli, R., Harun, Z., Abdullah, S., Wan Ghopa, W. A., Najm, A. S., 
Sulaiman, N. H. Impact of the TiO2 nano solution concentration on heat transfer enhancement 
of the twin impingement jet of a heated aluminum plate. Micromachines 10, (2019), no. 176.
Alnak, D. E., Thermohydraulic performance study of different square baffle angles in cross-
corrugated channel, Journal of Energy Storage, 28, (2020), no. 101295.
Datta, A., Jaiswal, A., Halder, P., Heat transfer analysis of slot jet impingement using nano-
fluid on convex surface. IOP Conf Series-Mat Sci Eng 402, (2018), no. 012098.
Demircan, T., Numerical Analysis of Cooling An Electronic Circuit Component with Cross 
Flow and Jet Combination, Journal of Mechanics, 35 (2019), pp. 395-404.
Genc, M.S., Kaynak, U., Lock, G. D. Flow over an aerofoil without and with a leading-edge 
slat at a transitional Reynolds number, Proceedings of the Institution of Mechanical 
Engineers Part G: Journal of Aerospace Engineering, 223, (2009), pp. 217-231.

igh Reynolds number 
using a transition model, Proceedings of the Institution of Mechanical Engineers Part C: 
Journal of Mechanical Engineering Science, 24, (2010), pp. 2155-2164.

icting low Re 
aerofoil flows without/with single and simultaneous blowing and suction, European Journal 
of Mechanics B/Fluids, 30, (2011), pp. 218-235.



MIDDLE EAST  INTERNATIONAL CONFERENCE ON 
CONTEMPORARY SCIENTIFIC STUDIES-VIII

7-8, 2023 
77

Heat Transfer Characteristics for Cooling An Electronic Component with Impinging Jet and 
Cross-Flow Combination, Journal of the Faculty of Engineering and Architecture of Gazi 
University, 37 (2022), 1, pp. 57-74.
Selimefendigil, F., Chamkha, A. J., Cooling of An Isothermal Surface Having A Cavity 
Component by Using Cuo-Water Nano-Jet, International Journal of Numerical Methods 
Heat & Fluid Flow, 30 (2020), pp. 2169-2191.
Karabulut, K., Heat transfer improvement study of electronic component surfaces using air 
jet impingement, Journal of Computational Electronics, 18, (2019), pp. 1259-1271. 
Karabulut, K., Alnak, D. E., Study of Cooling of the Varied Designed Warmed Surfaces with 
An Air Jet Impingement, Pamukkale University Journal of Engineering Science, 26 (2020), 
pp. 88-98.
Karabulut, K., Alnak, D. E., Investigation of graphene oxide-distilled water nanofluids with 
consideration of heat transfer and flow structure for backward-facing step flow, Journal of 
Engineering Thermophysics, 30, (2021) 2, pp. 300-316.

estigation of Combined Effect of Nanofluids and Impinging Jets on Cooling of 
Electronic Systems, 
18 (2018), pp. 121-132. 
Kumar, D., Zunaid, M., Gautam, S., Heat Sink Analysis in Jet Impingement with Air Foil 
Pillars and Nanoparticles, Materials Today: Proceedings, 46 (2021), pp. 10752-10756.
Ma, C. F., Bergles, A. E., Boiling jet impingement cooling of simulated microelectronic 
chips, Heat Transfer in Electronic Equipment HTD, 28, (1983), pp. 5-12.
Mohammed, H. A., Gunnasegaran, P., Shuaib, N. H. The impact of various nanofluid types 
on triangular microchannels heat sink cooling performance, International Communications in 
Heat and Mass Transfer, 3, (2011), pp. 767-773.
Maxwell, J. C., A treatise on electricity and magnetism, Clarendon Press, Oxford, UK, 1873.
Shi, W., Li, F., Lin, Q., Fang, G., Experimental study on instability of round nanofluid jets at 
low velocity. Exp Therm Fluid Sci 120, (2021), no. 110253.
Teamah, M. A., Dawood, M. M., Shehata, A., Numerical and Experimental Investigation of 
Flow Structure and Behavior of Nanofluids Flow Impingement on Horizontal Flat Plate, 
Experimental Thermal Fluid Science, 74 (2015), pp. 235-246.
Wang, S. J., Mujumdar, A. S. A comparative study of five low Reynolds number k-
for impingement heat transfer, Applied Thermal Engineering, 25, (2005), pp. 31-44.
Zou, L., Ning, L., Wang, X., Li, Z., He, L., Ll, H., Evaluation of Interfacial Heat Transfer 
Coefficient Based on the Experiment and 
Heat and Mass Transfer, 58 (2022), pp. 337-354.


