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Abstract:  

The numerical analyses were done fo r the square cross section curved duct for laminar flow condition the fo rced convection heat 

transfer in 120°.The Dean number (De) was varied 150,300,700 and 1500, corresponding to the Reynolds number 227, 455, 1061, 

and 2274 respectively. Computational fluid dynamics is used to calculate the nusselt number in the square duct. All the wall of the 

duct is maintained at 323K. The in let temperature of both flu id air as well as hydrogen is 297K. The d imension of the square duct 
has been is 100 mm each side.  
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I.           INTRODUCTION 

Bend is involved in many flow conditions, whether it flows in 

man-made devices or natural ones. Duct having such type of 

curvature the duct is known as an enclosed passage / channel 

for trans mission a substance like liquid or gas as well as solid. 

Ducts are mainly used for heating, Ventilation, air 

conditioning to remove or deliver air. Flows with curvature 

are very common in engineering applicat ion Flow in curved 

ducts is different from flow in  straight ducts. The main feature 

of the flow in curved ducts is the presence of the secondary 

flow produced by the centrifugal force of the axial flow and 

the curving effect.  

 This secondary flow mot ion is very important 

because it causes to increase in the heat transfer. It also causes 

significant pressure drop in curved ducts. A thorough 

understanding of the heat flux and the wall shear stress at 

curved duct wall is very important in order to analyze and 

design thermal equipment such as heat exchangers. In other 

words Full understanding of the prevailing velocity and 

temperature fields, as well as the pressure drop and heat 

transfer characteristics is necessary for the proper design of 

such systems that duct or channel is very important because 

investigation of flow and heat transfer in  curved duct is an 

interesting subject for researchers in the present and the past. 

This type of flow is an important subject in fluid mechanics 

that has different applicat ion in industry and medical issues. 

 

II DESCRIPTION OF THE PHYS ICAL PROBLEM  

Consider a steady state fluid  flowing through a square duct 

section as shown in fig.1 In present analysis characteristics 

and geometry of the curved duct with square cross section 

with an  angle of 120° is used. The length of side is 100 mm 

which is denoted by a. The aspect ratio of duct is 1. The radius 

of curvature is 230 mm which is denoted by RC. The 

curvature ratio is 2.3 in this analysis. The computational 

domain  of square duct is represented in three dimensional 

(3D) forms. The geometry consists of walls in let and outlet 

boundaries. 

 

 

 

 
FIG. 1: GEOMETRY OF COMPUTATIONAL DOMAIN 

 

III. RES ULTS  

DUCT WITH AN ANGLE OF 120 ° FOR DIFFERENT 

DEAN No FOR AIR 

Table I  

AVERAGE NUSSELT NUMBER AND AVERAGE HEAT 

TRANSFER COEFFICIENT FOR DIFFERENT DEAN 

NUMBER FOR AIR 

 

Duct angle 120° 

De Nux Average heat transfer coefficient 

150 
11.4272 2.7426 

300 
16.9344 4.0642 

700 
27.2912 6.5500 

1500 
42.2684 10.1444 
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Fig. 2: Average Nusselt number as a function of Dean 

Number 

From Fig. 2 observed that Nusselt number is having linear 

relationship with Dean Number, As Dean number increases, 

average Nusselt number also increases. 

 

 
Fig. 3: Average heat transfer coefficient as a function of 

Dean Number 

Fig. 3 shows that Dean Number is a function of average heat 

transfer coefficient (h). As heat transfer is function of Nusselt 

number so that average heat transfer also increases.  

For De no =150 

 
 

Fig. 4: Contours of velocity magnitude plot at outlet, De 

no. =150 

 
Fig. 5: Contours of static temperature plot at outlet, 

De no. =150      

FOR DUCT WITH AN ANGLE OF 120 ° FOR 

DIFFERENT DE NO. FOR HYDROGEN  

 

TABLE II 

 AVERAGE NUSS ELT NUMBER AND AVERAGE 

HEAT TRANS FER COEFFICIENT FOR DIFFERENT 

DEAN NUMBER. 

 

      Duct angle 120° 

De Nux 
Average heat transfer 

coefficient 

150 12.2859 2.9487 

300 33.2152 7.9717 

700 59.6553 14.3172 

1500 95.1758 22.8421 

                                                                 

 
 

Fig. 6: Average Nusselt number as a function of Dean 

Number 

From Fig.6 observed that Nusselt number is shown linear 

relationship with Dean Number, As Dean number increases, 

average Nusselt number also increases. 

 

  Fig. 7: Average heat transfer coefficient as a 

function of Dean Number  
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 Fig. 7 shows that Dean Number is a function of average heat 

transfer coefficient (h). As heat transfer is function of Nusselt 

number so that average heat transfer also increases.  

For De no =150 

 
Fig. 8: Contours of velocity magnitude plot at outlet,  

De no. =150 

Fig. 9: Contours of static temperature plot at outlet, De no. 

=150 

Fig 8 shows velocity magnitude at outlet of duct. It’s observed 

that velocity is lower at outer side of duct wall and gradually 

increases towards center side of wall. Fig 9 shows static 

temperatures at outlet of duct and temperature is maximum at 

walls of duct and gradually decrease towards inner side of duct.  

For De no 300 

 
 

Fig. 10: Contours of velocity magnitude plot at outlet, De 

no. =300 

 

 
Fig.11: Contours of static temperature plot at outlet, De 

no. =300 

Fig 10 shows velocity magnitude at outlet of duct. It is 

observed that velocity is lower at outer side of duct wall and 

gradually increases towards center side of wall. Fig 5.17 shows 

static temperatures at outlet of duct and temperature is 

maximum at walls of duct and gradually decrease towards 

inner side of duct. 

 

IV CONCLUS IONS  

The numerical analyses were done for the square cross section 

curved duct. For laminar flow condition the forced convection 

heat transfer in 120°.The computational results are validated.  

The Dean number (De) was varied 150,300,700 and 1500, 

corresponding to the Reynolds number 227, 455, 1061, and 

2274 respectively. At temperature 297 K air and hydrogen 

properties were evaluated and compared. A large number of 

results are produced with the help of parametric study. 

  

For different Dean Numbers velocity magnitude contours at 

outlet plane of curved duct are obtained and found the 

following key points. 

1. As the dean no. increases the value of heat transfer 

coefficient also increases for the both fluid air as well as 

hydrogen at all value of chosen dean no. 

2. For air, velocity increases from lower to upper side of the 

duct wall but for hydrogen, velocity increases from sides 

of wall to center portion of duct. 

3. For both fluid air and hydrogen, static temperature is 

maximum at duct walls and gradually decreases towards 

center of the duct.  

4. A close study of contours obtained indicates that the 

centrifugal body forces have a strong influence on the heat 

transfer. 

5. Centrifugal body forces are weaker and the convective 

currents have strong influence on flow at low dean 

number. 

6. Centrifugal body forces are much stronger and the 

secondary flow motion begins to show its effect on flow 

and heat transfer at higher Dean Numbers.  

These velocity contours provides informat ion on the effect 

of Dean Numbers on the flow field.       

 For the different Dean number the temperature 

contours predicted by the numerical computations for flow at 

outlet plane of curved duct. An observation of these figures 

tells the effect of Dean Numbers on heat transfer. There are 

stronger temperature gradients on the convex surface of the 

curved duct.  

 



International Journal of Engineering Science and Computing, August 2016           2372                                                            http://ijesc.org/ 

V REFERENCES  

1. Benny Kuan, William, Chris solnordal, CFD simulation 

and experimental validation of dilute particylate turbulent 

flow in 900 duct bend, CSIRO Minerals, clayton , victoria 

3168, Australia, 2003.  

 

2. B. T. Kuan CFD simulation of d ilute gas -solid two phase 

flow with different solid size d istribution in a curved 90° 

duct bend, Cooperative research center for power from 

lignite, div ision of minerals CSIRO, Clayton, Australia, 

2005. 

 

3. Cengiz Camci, Dean H. Rizzo, Secondary flow and forced 

convection heat transfer near endwall boundary layer 

fences in a 90° turning duct. Turbo machinery heat transfer 

laboratory, Department of aerospace engineering, 

Pennsylvania state university. (2000) 

 

4. Haydar Kucuk Numerical analysis of entropy generation 

in concentric curved annular ducts Department of 

Mechanical Engineering, Gümüşhane University, 29000 

Gümüşhane, Turkey. Accepted May 18, 2010.  

 

5. H. K Versteeg and W. Malalasekera, An introduction to 

computational fluid dynamics the finite volume method, 

Reprint 1996.  

 

6. Hosselnall soltanipour, Parisachoupani and Irajmirzaee, 

Numerical analysis of heat transfer enhancement with the 

use of γ=Al2O3 /water  Nano fluid with ribs in a curved 

duct, Department of mechanical engineering, Urmia 

university of technology, Urmia, Iran, 2012 

 

7. Jer-Huan Jang, Han-Chieh Chiu, and Wei-Mon Yan wall 

transpiration effects on developing mixed convection heat 

transfer in inclined rectangular ducts Department of 

Mechanical Engineering, Ming Chi University of 

Technology, Taishan, Taipei County, Taiwan 243, R.O.C. 

Department of Mechanical Engineering, Technology and 

Science Institute of Northern Taiwan, Pei-To, Taipei, 

Taiwan 112, R.O.C. accepted 06/08/09.  

 

8. Kazimierz Rup, Lukasz Malinowski, Piotr Sarna, 

measurement of flow rate in square-sectioned Cracow 

University of Technology, Faculty of Mechanical 

Engineering, Kraków, Po land 2011. 

 

9. K. C. Cheng and Mttsunobu Akiyama, laminar forced 

convection heat transfer in curved rectangular channels. 

Department of mechanical engineering, University of 

Alberta, Edmonton, Alberta, Canada (1070).  

 


