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Abstract  
Ducts are closed path used for conveying air, Flue gas, Material, ash and etc from one system to another, in the power 

plant and in the industries. Ducts are routed to long distances, having abrupt change in direction and cross section which 

requires proper design for preventing the energy losses. Elbows are used for changing the direction of flow to 90
0
.Due 

to this abrupt change, eddies, Recirculation zones are formed. These Eddies having energy gradients, which produces 

thrust and in turn Vibration to the duct wall. Eddies Should be broken by stream lining the flow before taking any 

branching from the main duct. But in some ducting system either in power plant or Industrial, due to constraints Elbow 

duct itself is to be branched out. This paper presents dampening flow induced vibration, by analyzing the various 

arrangements using computational Fluid dynamic software Gambit-Fluent. 
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1. Introduction 

Elbow ducts are used pre dominantly in the ducting system for diverting the flow to 90
0
. Guidelines is to be followed 

for avoiding pressure drop, recirculation etc in the design of elbow. Three Dimensional Model of a typical ducting is 

shown in Fig 1. This ducting having sharp elbow, but as per design guidelines, guide vanes are to be used to streamline 

the flow at the elbow. Since branching is done at sharp elbow, Guide vanes could not be used. So the duct system 

becomes sharp 90
0
 Elbow with branching at the elbow itself. The flow inside this ducting system is quite complicated 

and its difficult to predict the flow in this system by analytical methods.  The flow pattern inside this arrangement can 

be visualised by using computational fluid dynamic software Gambit- Fluent. 

 Grid is formed representing Flow field by using elements connected at the nodes using elements in the Gambit. 

The grid is then exported to Fluent , where the Boundary condition is applied and Solved.  The Fluent have inviscid, 

Laminat, Spalart  Almaras(1 equation), K-epsilon(2 equation), K omega( 2 Equation), Reynolds stress( 7 

Equation),Detached Eddy simulation and Large eddy simulation for modeling the Viscous flow 

 The K-epsilon model is one of the most common turbulence models, although it just doesn't perform well in 

cases of large adverse pressure gradients. It is a two equation model that means, it includes two extra transport 

equations to represent the turbulent properties of the flow. This allows a two equation model to account for history 

effects like convection and diffusion of turbulent energy. The first transported variable is turbulent kinetic energy, K. 

The second transported variable in this case is the turbulent dissipation,€ . It is the variable that determines the scale of 

the turbulence, whereas the first variable, K, determines the energy in the turbulence.    

 There are two major formulations of K-epsilon models that of Launder and Sharma is typically called the 

"Standard” K-epsilon Model. The original impetus for the K-epsilon model was to improve the mixing-length model, as 

well as to find an alternative to algebraically prescribing turbulent length scales in moderate to high complexity 

flows.K-epsilon model has been shown to be useful for free-shear layer flows with relatively small pressure gradients. 

Similarly, for wall-bounded and internal flows, the model gives good results only in cases where mean pressure 

gradients are small; accuracy has been shown experimentally to be reduced for flows containing large adverse pressure 

gradients. The equation for the K-epsilon model is in built in fluent software itself.  

2. Modified System 

 
Fig.1 Three Dimensional Model (Base Duct, With Vertical Divider, With Horizontal Divider, With Distributor) 

 Guide Vanes are used for streamlining the flow at sharp 90
0
 elbows. Since there is a branch in elbow itself, 

Guide vanes cannot be provided. Hence for streamlining the flow three options Vertical Divider, Horizontal Divider, 

Distributor are considered. 
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 Vertical divider is placed parallel to the vertical axis, spaced equally by dividing the flow volume by fourth. 

Vertical divider is located 200 mm minimum away from the cavity. Horizontal divider is placed parallel to the 

Horizontal axis, spaced equally by dividing the flow volume by fourth. Horizontal divider is located 200 mm minimum 

away from the cavity. Both horizontal and vertical divider does not affect flow volume much since thickness face only 

opposes the flow. Distributor is located and staggered to vertical axis as in Figure. Distributor obstructs flow volume 

unlike in horizontal and vertical divider. Distributor also placed by maintaining 200 mm gap minimum from the cavity. 

 

3. Results and Discussion 

Fig.2 

Base Model Static Pressure   Fig.3 Horizontal Divider Static Pressure 

 
Fig.4 Vertical Divider Static Pressure  Fig.5 Distributor Static Pressure 

 Pressure gradients as in Fig.2 creates eddies. The energy in eddies creates vibration on the duct wall. 

Horizontal Divider breaks the eddies to some extend as the velocity gradient decreases. Even Though vertical divider 

breaks the eddies to 90 percent as in Fig 5, there exist some low pressure zone. But in Distributor model the pressure 

distribution is uniform at the vibrating Zone as in Fig.5 
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 Fig.6 Base Model Velocity    Fig.7 Horizontal Divider Velocity 

 
 Fig.8 Vertical Model Velocity    Fig.9 Distributor Velocity 

 The Velocity plot in the base model (Fig.6) illustrates recirculation zones (Velocity gradient at the section) in 

the vibrating zone. Horizontal Divider avoids recirculation zones only at few locations. Even though vertical divider 

avoids recirculation zones, Velocity becomes minimal at sharp corner. In Distributor plate velocity becomes maximum 

at Distributor section, and stream lined in further zones. 

4. Conclusion: 
 Three Dimensional Computational Fluid Dynamic analysis of Base Ducting, Modified horizontal Divider with 

base duct, Vertical divider with base duct, Distributor plate with Base duct was done using Gambit-Fluent for the 

turbulent intensity level of five, Ten, Fifteen and Twenty percent . From the analysis it is seen that Distributor plate 

breaks eddies and avoid recirculation zones. This pattern is repeated for all the turbulent intensity level of Five percent, 

Ten percent, Fifteen percent and Twenty percent. Further Distributor plate requires minimum material, easy to attach to 

the existing system. Hence Distributor plate model is selected. 
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