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ABSTRACT 

 

Computational fluid dynamic (CFD) studies were carried out by using the ANSYS FLUENT 13.0 to find the 

effects of twisted tape insert on heat transfer, friction loss and thermal performance factor characteristics in a 

circular tube at constant wall temperature. Simulation was performed with Reynolds number in a range from 

800 to 10,000 using water as a working fluid. Four turbulent models are examined such as a standard k-ϵ, RNG 

k-ϵ, standard k-ω and SST k-ω and those compared with standard twisted tape correlations developed by 

Manglik and Bergles. Plain tube with four different full width twisted tape inserts (FWTT) of twist ratios (y = 2, 

3, 4 and 5) were examined, based on constant flow rate Over the range of Reynolds number investigated, based 

on overall thermal performance factor (ƞ) it is revealed that the plain tube with FWTT (ƞ = 1.12-1.51 in 

laminar regime & 0.91 – 1.08 in turbulent regime) are suitable in laminar flow region and finned tube with 

RWTT (ƞ = 0.58-0.91 in laminar regime & 0.83 – 1.31 in turbulent regime) are suitable for turbulent regime. 

Keywords :  CFD, Heat Transfer Agumentation, Twisted Tape, Reduced Width Twisted Tape, Thermal 

Performance 

 

I. INTRODUCTION 

 

The economic design and operation of process plants 

are often governed by the effective usage of heat. A 

majority of heat exchangers used in thermal power 

plants, chemical processing plants, air conditioning 

equipment, and refrigerators, petrochemical, 

biomedical and food processing plants serve to heat 

and cool different types of fluids. Both the mass and 

overall dimensions of heat exchangers employed are 

continuously increasing with the unit power and the 

volume of production. This involves huge 

investments annually for both operation and capital 

costs. Hence it is an urgent problem to reduce the 

overall dimension characteristics of heat exchangers. 

The need to optimize and conserve these expenditures 

has promoted the development of efficient heat 

exchangers. Different techniques are employed to 

enhance the heat transfer rates, which are generally 

referred to as heat transfer enhancement, 

augmentation or intensification technique. 

 

a. Applications of Heat transfer Enhancement  
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The petrochemical and chemical industries are under 

economic pressure to increase the energy efficiency of 

their processing plants to compete in today’s global 

market. Hence, these industries must invest in 

innovative thermal technologies that would 

significantly reduce unit energy consumption in order 

to reduce overall cost. In recent years, heat transfer 

enhancement technology has been widely applied to 

heat exchanger applications in boiling and 

refrigeration process industries. Most significantly, 

the uses of enhancement extend well beyond surface 

reduction i.e., they can also be used for capital cost 

reduction, the improvement of exchanger operability, 

the mitigation of fouling, the improvement of 

condenser design and the improvement of flow 

distribution within heat exchangers. 

 

Important applications of heat transfer enhancement 

are listed below: 

 

✓ Heating, Ventilating, Refrigeration and air 

conditioning 

✓ Automotive Industries 

✓ Power sector 

✓ Process Industries 

✓ Industrial Heat Recovery 

✓ Aerospace and others. 

 

b. Twisted pipe inserts 

 
Figure 1. View of the twisted tape inside a plain tube 

 

To enhance the heat transfer rate, some kind of insert 

is placed in the flow passages and they also reduce the 

hydraulic diameter of the flow passages. Heat transfer 

enhancement in a tube flow is due to flow blockage, 

partitioning of the flow and secondary flow. Flow 

blockages increase the pressure drop and leads to 

viscous effects, because of a reduced free flow area [5] 

 

The selection of the twisted tape depends on 

performance and cost. The performance comparison 

for different tube inserts is a useful complement to 

the retrofit design of heat exchangers. The 

development of high performance thermal systems 

has stimulated interest in methods to improve heat 

transfer. 

 

a. Material properties: 

Water is selected as the working fluid which is 

assumed to be incompressible. The dynamic viscosity 

(µ), thermal conductivity (k), density (ρ) and specific 

heat at constant pressure (Cp) of water are given as µ 

= 1.003x10-3 kgm-1 s-1, k = 0.6 Wm-1 K-1, ρ = 998.2 

kg.m-3 and Cp = 4182 J. kg-1 K-1. 

 

b. Boundary conditions: 

A constant wall temperature is imposed on the tube 

wall. At the inlet velocity and temperature are 

specified. At the outlet, a pressure-outlet condition is 

used. On the surfaces of the tube wall and twisted 

tape, no slip conditions are applied. 

 

Table 1. Dimensions of twisted tape inserts 

 

S.No. Twist 

ratio, 

y 

Pitch, 

H,m

m 

Width,

mm 

Thickness, δ,mm 

1 2 44 24 1 

2 3 66 24 1 

3 4 88 24 1 

4 5 110 24 1 
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II. RESULTS AND DISCUSSION 

 

Results: 

 

Heat transfer Enhancement studies with different 

twist ratios 

 

The Shear Stress Transport (SST k-ω) model is used in 

the simulation for finding the Nusselt number and 

friction factor with twist ratios of 2, 3, 4 and 5. Vector 

plots of velocity, Pathlines, contour plots of static 

pressure and Temperature fields shown in figures 2, 

3,respectively in the Re = 2000 at twist ratio 

y=2.Velocity was found increase with decrease in 

twist ratio 

 
 

Figure 2. Vector plots of velocity at different twist 

ratios for Re= 2000: (a) y= 2, (b) y=3, (c) y=4, (d) y= 5, 

(e) plain tube 

 

 
 

 
Figure 3. Pathlines at different twist ratios for Re= 

2000: (a) y= 2, (b) y=3, (c) y=4, (d) y= 5, (e) plain tube 

 

Heat transfer results 

Effect of the twist ratios on the heat transfer rate is 

numerically studied; the values are given in Table.A.5. 

The results for the tube fitted with all twisted tapes 

are also compared with those for a plain tube under 

similar operating conditions. The heat transfer rate is 

considered in terms of Nusselt numbers Fig, 4 and 5 

shows the Nusselt number ratio (Nua/Nu0) with 

Reynolds number of the tube equipped with four 

different twist ratios (y = 2, 3, 4 and 5).  

 

 
 

Figure 4. Variation of Nua/Nu0 with Reynolds number 

in laminar regime for FWTT 
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Figure 4. Variation of Nua/Nu0 with Reynolds number 

in turbulent regime for FWTT 

 

The Nusselt number in the tube with the twist ratios 

y= 2, 3, 4 and 5, are around 2.67 to 3.35, 2.43 to 2.19, 

2.10 to 2.64, and 1.87 to 2.35 times of that in the plain 

tube in laminar region. Similarly in turbulent region 

1.92 to 1.56, 1.74 to 1.41, 1.65 to 1.34, and 1.6 to 1.3 

times of that in the plain tube. 

 

III. CONCLUSION 

 

Plain tube with full width twisted tape inserts, 

(FWTT) of twist ratio, (y=2, 3, 4, 5) results show that 

Nusselt number and friction factor values were found 

to decrease with increasing in twist ratio. Twisted 

tape inserts for twist ratio (y=2) can enhance heat 

transfer rates up to 3.5 times at Reynolds number 

2000 and increase in friction factors nearly 9 times in 

comparison with those of the plain tube. Thermal 

performance factor (η) was found to increase with 

increase in Reynolds number in the laminar region 

and decrease in the turbulent region. The maximum 

value of the thermal performance factor was found to 

be 1.6 for Twisted tape (y=3) in plain tube at a 

Reynolds number of 2000.  
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