
 CHEMICAL ENGINEERING TRANSACTIONS   
 

VOL. 70, 2018 

A publication of 

 

The Italian Association 
of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Timothy G. Walmsley, Petar S. Varbanov, �5�R�Q�J�[�L�Q���6�X�����-�L���t���-. �.�O�H�P�H�ã 
Copyright © 2018 , AIDIC Servizi S.r.l. 
ISBN  978-88-95608-67-9; ISSN  2283-9216 

Numerical Study on Heat Transfer Enhancement in a 

Rectangular Duct with V-Shaped Ribs 

Paranee Sriromreuna,*, Parkpoom Sriromreunb  

aDepartment of Chemical Engineering, Faculty of Engineering, Srinakharinwirot University, Ongkharak, Nakhorn-Nayok, 

 26120, Thailand  
bDepartment of Mechanical Engineering, Faculty of Engineering, Srinakharinwirot University, Ongkharak, Nakhorn-Nayok,  

 26120, Thailand 

 paranee@g.swu.ac.th 

This research aims to study the numerical investigation of heat transfer and fluid flow characteristics of multiple 

cylinder v-rib with combined staggered rib in a rectangular duct. The conventional heat exchangers were usually 

used as flat plate rib shape leading to increase pressure drop from obstructive flow. Therefore, the inclined 

cylinder V-shaped rib was modified to use in this work. The cylinder shape rib increases pressure drop (less 

than flat plate rib) because of the rounded shape of cylinder v-rib creating the smooth flow of the fluid. The heat 

transfer and the pressure drop are represented in term of Nusselt number (Nu) Friction factor (f), respectively. 

The relation of Nu with f values was analysed to obtain the Thermal performance enhancement factor (TEF). 

The velocity vector and temperature contours were examined by the Computational Fluid Dynamics (CFD). The 

data was compared with the experimental result. The channel size was simulated at the rectangular duct height 

(H) of 30 mm and width (W) of 300 mm with rib-to channel-height ratios (e/H) at 0.1, 0.2, 0.3 and the angle of 

�D�W�W�D�F�N�����.�����D�W�������ƒ�����$�L�U���Z�Ds used as the test fluid. Reynolds number (Re) was varied from 12,681 to 35,000 with 

constant heat flux on the bottom wall of the tested section. Simulation results represented the velocity vectors 

and temperature contours. It was found that the increasing of e/H leading to provide high co-rotating of the flow. 

The highest TEF (TEF = 2.05) was observed at 30, e/H 0.3 and Re 12,618. 

1. Introduction 

In the industrial process related to thermal energy, most of heat exchangers are basic element such as Oil 

industry. Heat exchangers are used for increasing temperature of crude oil to change steam phase condensed 

to liquid phase. It is pretty similar to fertilizer industry, synthetic fibre industry and other industries that using 

application of heat exchanger to increase or decrease temperature. The main function of the heat exchanger is 

to apply heat energy correctly and effectively. Several investigations on turbulent flow of the heat transfer 

characteristics for various rib shape in pipe have been studied. In the experiment of Sriromreun et al. (2012), 

the ribs were placed in a zigzag shape (Z-shaped rib) to find the optimum thermal performance for the Reynolds 

number (Re) from 4,400 to 20,400. The Z-ribs inclined to 45° relative to the main flow direction were 

characterized at three rib-to channel-height ratios (e/H = 0.1, 0.2 and 0.3) and rib pitch ratios (P/H=1.5, 2 and 

3). The result of in-phase Z-rib with e/H= 0.1, P/H= 1.5 provided the highest TEF at the lowest Re. Gawande et 

al. (2016) found that the highest TEF (TEF=1.90) was observed by using the reverse L-shaped rib. The finite 

volume method and SIMPLE algorithm were applied to present the numerical simulation (Boonloi et al., 2015). 

The mathematical results were discovered at  of 30 and 45 for wavy-ribs at the blockage ratio (b/H) of 0.05�±
0.25 and Re of 3,000�±20,000. The results showed the optimum TEF (TEF = 1.52) at =45, b/H=0.10, and the 

lowest Re=3,000. Most of research has been developed the V-rib shaped. A numerical investigation of heat 

transfer and fluid flow characteristics having multi V-shaped ribs on the absorber plate was presented in Dongxu 

et al. (2015). The maximum value of the TEF (TEF = 1.93) was found at 45. Daungkumsawat et al. (2015) 

studied on the heat transfer enhancement in a heat exchanger with incline shaped ribs. This research aimed to 

enhance TEF by reducing the friction factor (f) with curve V-rib. In order to simulate the heat transfer and flow 
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4.2 Effect of Re 

Figure 3 shows the effect of Re on the heat transfer represented in the term of Nu and TEF with an angle of 

30and smooth pipe. Result shows that higher Re can bring about the increase in the Nu and decrease in the 

TEF. According to this diagram, it indicates that the higher turbulent flow causes the greatest increase in heat 

transfer rate and pressure drop. Higher pressure drop leads to obtain the decreasing of TEF. The results in 

Figures 3 show similar trend as observed in Sriromreun et al. (2017). 

4.3 Effect of height ratio (e/H) 

Figure 3 shows the effect of different height ratio (e/H) at 0.1, 0.2, 0.3 on the Nusselt number and TEF. The 

diagrams present that the channel with rip provides the higher Nu and TEF than smooth channel. Increase in 

height ratio (e/H) increases Nu and TEF. The velocity vector and temperature contours from simulation result 

can be seen in Figure 4.  Figure 4a shows the effect of Re in four different rib positions along the channel at the 

height ratios (e/H) of 0.3 and the angle of 30. It is also found that the co-vortex flow along the test channel 

occurring at the rectangular duct with rib. The higher e/H causes the higher turbulent intensity. For the 

temperature contours along the rectangular duct, the longer distance from the channel inlet (position 4) shows 

higher fluid temperature (see the color shade). It is apparent that increase Re cause to high velocity fluid flow 

and reduce the fluid temperature due to shortage of the heat transfer time. The comparison of the velocity vector 

and temperature contours in different e/H for Re of 12,618 at the outlet position (position 4) is shown in Figure 

4b. It was found that higher e/H provides the spread of colour temperature throughout rectangular duct. The 

high temperature colour shades are observed all the picture at e/H 0.3. These results can be concluded that the 

e/H effect to the heat transfer characteristic. Higher e/H indicates the higher heat transfer enhancement. 

 

      
(a)                                                                                (b) 

Figure 4: (a) Velocity vector and temperature contour at  = 30 at e/H = 0.3, (b) Velocity vector and temperature 

contour at Re =12,618, and  = 30. 
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5. Conclusions 

The simulation in heat exchanger with discrete multiple cylinder v-rib with combined staggered was examined. 

The results showed that higher Nu and TEF was observed in the channel with ribs than without ribs. Increasing 

Re provided the higher Nu but lower TEF, while increasing e/H presented the higher both of Nu and TEF. The 

highest TEF (TEF=2.05) was found at e/H=0.3 and Re=12,618. The velocity vector and temperature contour 

indicated the co-vortex flow as increasing e/H. The cylinder v-shaped rib reduced the friction factor (f) observed 

from higher TEF at higher e/H. In contrast, for the general ribs, higher e/H represented higher friction factor (f) 

leading to obtain lower TEF. The cylinder shaped rib can be applied to use in heat exchanger for increasing Nu 

and TEF. In industry, it can reduce heat exchanger cost and operating expense.  

Acknowledgments 

The funding of this research work is supported by the government budget in the fiscal year 2017, 

Srinakharinwirot University (SWU, Grant number: 006/2017). The authors also greatly acknowledged the 

Graduate school of Srinakharinwirot University for conference presentation grant. 

References 

Boonloi A., Jedsadaratanachai W., 2015, Turbulent forced convection in a heat exchanger square channel with 

wavy-ribs vortex generator, Chinese Journal of Chemical Engineering, 23(8), 1256-1265.  

Butprom B., Kangvantham J., Juntarasak P., Rattanasiriphibun P., 2014, Thermal performance enhancement 

of incline shaped baffle sets in a rectangular duct, Research Project. Mechanical Engineering, 

Srinakharinwirot University, Nakhorn-Nayok, Thailand 

Daungkumsawat J., Boommaleod P., 2015, numerical study on heat transfer enhancement in a rectangular duct 

with incline shaped baffles, Research Project, Chemical Engineering, Srinakharinwirot University, Nakhorn-

Nayok, Thailand 

Dongxu J., Manman Z., Ping W., Shasha X., 2015, numerical investigation of heat transfer and fluid flow in a solar air 

heater duct with multi v-shaped ribs on the absorber plate, Energy, 89(C), 178-190.  

Gawande V.B., Dhoble A.S., Chamoli S., 2016, Experimental and CFD investigation of convection heat transfer in 

solar air heater with reverse l-shaped ribs, Solar Energy, 131, 275-295.  

Kumar A., Kim M., 2016a, Thermohydraulic performance of rectangular ducts with different multiple v-rib 

roughness shapes: a comprehensive review and comparative study, Renewable and Sustainable Energy 

Reviews, 54(C), 635-652. 

Kumar R., Kumar A., Chauhan R., Sethi M., 2016b, Heat transfer enhancement in solar air channel with broken 

multiple v-type baffle, Case Studies in Thermal Engineering, 8, 187-197.     

Sarghini F., Vivo A.De., Erdogdu F., 2017, Analysis of heat and momentum transfer in screw-drive heat transfer 

systems, Chemical Engineering Transactions, 57, 1729-1734. 

Sriromreun P., Thianpong C., Promvonge P., 2012, Experimental and numerical study on heat transfer 

enhancement in a channel with z-shaped baffles, International Communications in Heat and Mass Transfer, 

39(7), 945-952. 

Sriromreun P., Sriromreun P., 2017, Numerical study on heat transfer enhancement in a rectangular duct with 

incline shaped baffles, Chemical Engineering Transactions, 57, 1243-1248. 

1290




