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INVESTIGATION OF HEAT TRANSFER IN COMBINED JET FLOW CHANNELS WITH
DIFFERENT FIN ANGLES AND USING DIAMOND-WATER NANOFLUID

. Dr. Koray KARABULUT

Sivas Cumhuriyet ,

Elektrik ve Enerji Merkez, Sivas.

Sivas Cumhuriyet eknoloji

Merkez, Sivas.

Geleneksel em daha fazla enerji harcanmakta
transferi birlikte, t

trans o ve 60o

sahip 2 hacimsel
konsantrasyonlu Elmas- ve t
transferi ve analizi (PEC) .
inceleme, k- modelli Ansys-Fluent 

mesiyle kanal 
b model Kanaldaki

-15
konsantrasyonlu Elmas-
o tir.

model
-

Bununla 
model in ans 

Re=15 m

(Tm) 60o -Su nan
yamuk modelli m nin a %22,82 

.
o o

Anahtar kelimeler: Elmas- -

ABSTRACT

With traditional heat transfer methods, more energy is consumed and sufficient and desired heat transfer 
performance cannot be achieved. However, with the development of technology, the heating problem 
arises in high-performance and small-volume electronic components. In addition to the impinging jet, 
the heat transfer from the components of the electronic devices is considerably improved with the 
combined jet effect created by the cross flow. In this study, heat transfer and performance analysis (PEC) 
dependent pressure drop from trapezoidal and crown patterned surfaces were numerically investigated 
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by using water and 2% volumetric concentration Diamond-Water nanofluid in channels with finless, 30o

and 60o angle fins, N=1.5D fin distance and H=3D height with combined jet flow. Numerical analysis 
was carried out by solving the conservation equations steady and in three dimensions using Ansys-
Fluent program with k-
placed in the channels in accordance with the channel dimensions. The Re number range of the fluids 
in the channel is 11000-15000. Thermophysical properties of Diamond-Water nanofluid with 2% 
volumetric concentration, which is one of the working fluids used in this study, were obtained with the 
help of the equations found in the literature and widely used. The results were compared with the Nu 
results of the experimental study in the literature and it was determined that they were compatible. The 
results of the study were comparatively examined for water and nanofluid as the mean Nu number and 
surface temperature changes for each pattern in the channels in the finless and different fin angle 
conditions. Also, velocity and temperature contour distributions of impinging jet-cross flow combined 
jet nanofluid flow were presented. However, performance evaluation numbers (PEC) at different 
Reynolds numbers and mean Nu number (Num) and surface temperature values (Tm) for Re=15000 were 
evaluated for all three model surfaces in the channels. The use of Diamond-Water nanofluid in the 60o

finned channel resulted in 22.82% and 27.23% higher Num values on trapezoidal and crown-patterned 
surfaces, compared to the finless and water-fluid channel, respectively. In addition, for Re=11000,  the 
PEC number for the trapezoidal and crown patterned surfaces in combined jet flow channels using water 
fluid with a fin angle of 60o was found to be 3.39% and 5.9% higher than the channels using 30o angled 
nanofluid, respectively.

Keywords: Diamond-Water nanofluid, Impinging jet-cross flow, Fin, Heat transfer.
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incelenmi

m) ve ortalama m)

ortalama 

SAYISAL 

Elmas-

imsel konsantrasyonlu Elmas-Su 

(1 )nf nf p                                                                                                                (1)

nu (kg/m3), konsantrasyonu ifade ederken, p, nf ve 
bf ise nano mektedir.

(1 )pnf pbf ppc c c                                                                                                              (2)

2 2( )

2 2
p bf p bf

nf bf

p bf p bf

k k k k
k k

k k k k
                                                                                              (3)

(1 2,5 )nf bf                                                                                                                      (4)

Tablo 1. oC)

Su
Elmas-Su

Elmas

k (W/mK) 0,6172 0,6685 1000
3) 995,8 1046,08 3510

cp (J/kgK) 4178,4 4104,77 497,26
2) 803,4x10-6 843,57x10-6 -
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MODEL

-
model

2
Elmas-

adyabatiktir e) 
in

Tablo 2.

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

30o, 60o

                N 1,5D

BULGULAR 

ve Bergles [22
0.5 0.41,29Re PrNu

ve Ma ve Bergles [22

m

etkisi f

(a)
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Tablo 3. m

Re = 5000
Num

Re = 7000 
Num

Re = 9000        
Num

1758412 86,48 108,84 127,40
2022840 86,52 108,88 127,43
2245786 86,52 108,87 127,42

o ve 60o

-
kanallarda Her 

o

ve model 
o

durumundan 60o

Elmas- Model 2 

- a 30o

%21,83 olm o

Nu R de
60o

%
o ve 60o

.
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Yamuk Model 1

Yamuk Model 2

Yamuk Model 3

Model 1
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kanaldaki 
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Elmas-Su nano- o ve 60o

kanallar boyunca

a, modeller 

o ve 60o) kanal 

o nli modeller 

- o ve 60o

m ve Tm

m Tm

-
Num onucu olarak da Tm

m

m 60o -
m

Yamuk Model 

. -
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D Yamuk Model

m/s(a)

K(b)

30o, H=3D, N=1.5D Yamuk Model

m/s(a)

K(b)

m/s(a)

ModelD

K(b)

K(b)

m/s(a)

30o, H=3D, N=1.5D

60o, H=3D, N=1.5D Yamuk Model

m/s(a)

60o, H=3D, N=1.5D Model

m/s(a)
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Re=15000, N=1,5D H=3D
Yamuk
Model Model

Su Num 164,991 174,560
30o Su Num 171,994 188,694
60o Su Num 188,912 210,416

Elmas-Su Num 177,944 188,281
30o Elmas-Su Num 185,392 204,314
60o Elmas-Su Num 202,658 222,108

Su Tm (K) 304,208 304,062
30o Su Tm (K) 304,158 303,898
60o Su Tm (K) 303,919 303,746

Elmas-Su Tm (K) 304,003 303,880
30o Elmas-Su Tm (K) 303,961 303,738
60o Elmas-Su Tm (K) 303,757 303,619

-

- Mo o

-
0o o

-

-

K(b) K(b)

. Elmas- o ve 60o

ve Re=15000)

Tablo 4. Y o ve 60o

Num ve Tm
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