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Abstract: The applications of artificially roughened duct or surfaces are being used by researchers to enhance heat 

transfer rate from heat transferring surface to working fluid. There are different techniques to analyze the heat 

transfer mechanism those are explained in this literature. The present work was undertaken with the 

objectives of extensive investigation on the 90
0 

shaped ribs as artificial roughness on the surface of duct.  

Experimental setup for heat transfer and pressure lose have been design and developed. Data were collected 

for local heat transfer and pressure loss of these artificially roughened ducts. Results of artificially roughened 

duct have been compared with those of a smooth duct under similar flow condition to determine heat transfer and 

friction factor. 
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1.     INTRODUCTION 

This research is a review of general theory of the governing equations for fluid flow. The governing equations of fluid 

flow are called the Navier-Stokes equations. In this section, concisely we will discuss the principles of the CFD with its 

components. The liquid crystal thermography theory and the working principle used in experimental analysis will be 

described 
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2.   LIQUID CRYSTAL THERMOGRAPHY 

During the past 20–30 years or so, liquid crystals have emerged as reliable temperature and colour sensors for heat 

transfer, fluid flow and biomedical research, and have been applied in a number of situations to visualize the 

temperature distribution under complex flow fields and applications such as medical imaging, machine vision, 

astronomy, satellite reconnaissance, and even desktop publishing. 

Principle of Liquid Crystal Thermography on the basis of crystal lattice orientations: 

A typical liquid crystal substance reflects lights of different wavelength more or less strongly to different directions due to 

a re-orientation (rotation) of the liquid crystal's lattice depending on the temperature. This selective light reflection usually 

gives rise to a spectrum of colors on the heat transfer model surface. 
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Fig. 1 Different colours corresponding to temperature variation 

3.   EXPERIMENTAL SET-UP 

The experimental schematic diagram set-up including the test section is shown in Fig. 2. The flow system consists of an 

entry section, a test section, an exit section, a flow meter and a centrifugal blower. The duct is of size 

1480mm×171mm×60mm (dimension of inner cross- section) and is constructed from acrylic sheet of 12 mm thickness 

for three sides and 3mm thickness for upper side. The test section is of length 1480mm (16.67 D). A short entrance length 

(L/Dh=7.2) was chosen because for a roughened duct the thermally fully developed flow is established in a short 

length 2-3 hydraulic diameter [24]. For the turbulent flow regime, ASHRAE standard 93-77  [24]  recommends  entry 

and  exit  length  of 5√WHand  2.5√WH, respectively. 

 

Fig.2 Parts Of Experimental Setup 

 Parts of Experimental Setup: 

1)  Rectangular Test Section 

2)  Heating Element 

3)  Honeycomb Section(Conversing) 

4)  Conversing Section to attach Test Section with Pipe 

5)  Orifice Plate and U tube manometer 

6)  Pitot Tube 

7)  Flexible pipe 

8)  Centrifugal Blower and Motor 
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Procedure to Perform Experiment: 

1)  Apply the thermographic liquid crystal sheet to a clean surface of the test section. Liquidcrystal sheets used in this 

case works in the temperature range of 40˚C to 50˚C. 

2) Subject the treated surface to known temperature levels by heater. Heat the incoming air through the heater provided 

at the front part of experimental set up while maintaining the test section at room temperature so as to notice the color 

response of liquid crystal sheet applied over the test section. 

3)  Measure and record the temperature response of TLC. Temperature response of sheet is captured by High Mega Pixel 

Camera with suitable light source setting and the temperature is recorded by digital thermometer (Cr-Al). 

4)  After taking temperature and colour image of the different points of test section, we made a relation between colour 

and temperature. 

5)  Now the color response of the sheet and their variation with temperature can be used to get exact temperature of 

any point of the test section. 

6)  Also record the pressure loss and head difference of U-Tube manometer to get the velocity and mass flow 

rate of flowing fluid at the pitot tube and orifice meter. 

7)  Calculations and data analysis on the basis of recorded data and given equations 

4.   MODEL FORMULATION 

Computational Fluid Dynamics Approach: 

Dynamics of fluids are governed by coupled non-linear partial differential equations, which are derived from the basic 

physical laws of conservation of mass, momentum, and energy. Analytical solutions of such equations are possible only 

for very simple flow domains with certain assumptions made about the properties of the fluids involved. For 

conventional design of equipment, devices, and structures used for controlling fluid flow patterns, designers have to 

rely upon empirical formulae, rules of thumb, and experimentation. 

Computational Domain: 

The 2-D computational domain used for CFD analysis having the height (H) of 60 mm and width (W) 180 mm and total 

length of 250mm as shown in Fig. 3. 

 

Fig. 3 Two dimensional computational domain 

Complete duct geometry is divided into three sections, namely, entrance section, test section and exit section. A short 

entrance length is chosen because for a roughened duct, the thermally fully developed flow is established in a short 

length 2–3 times hydraulic diameter. The exit section is used after the test section in order to reduce the end effect in 

the test section. Roughness geometry inclined discrete shape on the roughened absorber plate has been shown in Fig. 4.1 

(a,b,c) 
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Fig. No. 4.1 (a) Roughness geometry 

 

Fig. No. 4.1 (b) Roughness geometry 

 

Fig. No. 4.1 (c) Roughness geometry 
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Table:1 Parameters of the artificially roughened solar air heater duct for computational analysis 

PARAMETRE VALUE 

Roughness pitch 20mm 

Heat Flux, I 
1000 W/m

2 

Reynolds number range 3 0 0 0 -1 5 0 0 0  

Duct depth, H 66mm 

Duct width, W 195mm 

Hydraulic diameter, Dh 0 . 0 9 8 8 3  m          

Rib height, e 4mm 

Plate length, L 350mm 

In the present study,  FLUENT Version 13. 0 is used for analysis. 

Mesh Generation: 

After defining the computational domain, uniform meshing is done by rectangular elements. In creating this mesh, it is 

desirable to have more cells near the plate because we want to resolve the turbulent boundary layer, which is very thin 

compared to the height of the flow field. Fig. 4.2 shows the non-uniform quadrilateral meshing. 

 

Fig no. 4.2  non-uniform quadrilateral meshing 

Boundary condition: 

Table 2: Detail of boundary conditions 

Edge Position Name Type 

Left Duct Inlet VELOCITY_INLET 

Right Duct Outlet PRESSURE_OUTLET 

Top Top Surface WALL 

Bottom edge-1 Inlet Length WALL 

Bottom edge-2 Solar Plate WALL 

Bottom edge-3 Outlet Length WALL 

Internal Edges of rectangle Turbulator WALL 

Solver: 

ANSYS FLUENT Version 13.0 is used as a solver with k-epsilon turbulence model. The modeled turbulence 

kinetic energy, k, and its rate of dissipation, ε, are obtained from the following transport equations for  k-ε model. 
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5.   RESULT & DISCUSSUIONS 

For numerical analysis the basic governing equations i.e. continuity, momentum and energy are solved by the finite 

volume method in the steady-state regime. The numerical method used in this study is a segregated solution algorithm 

with a finite volume-based technique. The governing equations are solved using the commercial CFD code, ANSYS 

Fluent 12.1. A second-order upwind scheme is chosen for energy and momentum equations. The SIMPLE algorithm 

(semi-implicit method for pressure linked equations) is chosen as scheme to couple pressure and velocity. 

From the figures 5.1 (a), 5.1(b) , 5.1(c) and 5.1(d) it is seen that the value of heat transfer coefficient in increases with 

increase in Reynolds number.  

Velocity 1m/s 

 

Fig. 5.1 (a) temperature contour for Reynolds number 5234.5 

Velocity 2 m/s 

 

Fig. 5.1(b) temperature contour for Reynolds number 10469 

Velocity 3 m/s: 

 

Fig. 5.1(c) temperature contour for Reynolds number 15703.5 
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Table 3: results for smooth surface 

S.no. Velocity (m/s) Reynolds Number Nus Fs 

1 1 5234.5 19.296 0.0092 

2 2 10469 33.59 0.0078 

3 2.5 13086.3 40.163 0.0074 

4 3 15703.5 46.5 0.00706 

Table 4: results for rough surface 

S.no. velocity (m/s) Reynolds Number Nur Fr 

1 1 5234.5 38.3 0.027 

2 2 10469 71.2 0.022 

3 2.5 13086.3 98.6 0.019 

4 3 15703.5 132.04 0.016 

 

Fig. 5.1(d)  Nusselt number variation for smooth and rough surface for different reynold number 

6.   CONCLUSIONS 

The present work was undertaken with the objectives of extensive investigation on the 90
0 

shaped ribs as 

artificial roughness on the surface of duct.  Experimental setup for heat transfer and pressure lose have been design 

and developed. Data were collected for local heat transfer and pressure loss of these artificially roughened ducts. 

Results of artificially roughened duct have been compared with those of a smooth duct under similar flow condition to 

determine heat transfer and friction factor. The major conclusions from this investigation are given below: 

1.As per the guide lines of ASHRE standard 93-77 an experiment setup comprising artificially roughened duct equipped 

with measuring and control instruments has been designed and developed to investigate the local heat transfer and 

pressure loss characteristics. 

2. In  the  present  study  actual  mechanism  of  heat  transfer  of  smooth  and  artificially roughened surface has been 

studied using liquid crystal sheet which shows different colours corresponds to different temperature at different instant of 

time. 
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