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AAABSTBSTBSTRRRACACACTTT   

Heat exchangers are playing major role in 

heat and mass exchange apparatus like 

electrical power generation plants, oil 

refining, environmental protection and 

chemical engineering processes. Helical 

baffles with 400 helix angle are used in shell 

and tube heat exchanger to enhance the heat 

transfer and reduce the pressure drop. New 

geometries have been introduced to 

performance enhancement and to improve 

reliability of heat exchangers. In this present 

study, shell and tube heat exchanger has 

been designed based on TEMA standard and 

thermal characteristics are observed based 

on different Reynolds number in shell side 

(ranging from 2,500 to 16,500) as well as 

tube side (3,000 to 22,000). The heat 

transfer coefficient, friction factor and 

overall heat transfer coefficient have been 

estimated for different Reynolds numbers and 

noticed that the heat transfer coefficient, 

overall heat transfer coefficients are 

increasing along the increase of Reynolds 

number and friction factor reduces by 

increasing Reynolds number. 

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

Heat exchangers are playing major role in 

heat and mass exchange apparatus like 

electrical power generation plants, oil 

refining, environmental protection and 

chemical engineering processes. Among 

different types of heat exchangers s hell and 

tube heat exchangers have been commonly 

used in Indus tries, due to the robust 
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construction geometry as well as easy 

maintenance and possible upgrades. The 

heat transfer effectiveness can be improved 

by using baffles in shell and tube heat 

exchangers. Segmental baffles are mostly 

used one to support tubes and change the 

direction of fluid flow. 

Higher pumping power is needed to offset 

the higher pressure drop when the 

segmental baffles are used in s hell and tube 

heat exchangers under the same load. 

Therefore it is essential to develop a novel 

shell and tube heat exchanger using 

different baffles to have higher heat transfer 

efficiency and lower pressure drop. Shell and 

tube heat exchanger with helical baffles 

introduced by Lutcha and Nemcansky in 

May, 1990. Helical baffles serve as guide 

vanes for shell side flow when compared to 

segmental baffles. The use of continuous 

helical baffles in shell and tube heat 

exchangers can improve the performance. 

However, very few research works are done 

on shell and tube heat exchangers using 

continuous helical baffles. The pioneering 

work published is given in literature. 

IIIIII...   LLLITERATUREITERATUREITERATURE   RRREVIEWEVIEWEVIEW   

Master B.I et al (2006) gave the importance 

of heat exchangers along the worldwide 

applications of it. Bin Gao et al (2015) has 

experimentally studied on flow resistance 

and heat transfer of several s hell and tube 

heat exchangers with discontinuous helical 

baffles of helix angles 8°, 12°, 20°, 30° and 

40°. Their results provide the s hell and 

tube heat exchanger with 40° helix angles is 

the best comprehensive performance among 

8°, 12°, 20°, 30° and 40° helix angles . Cong 

Dong et al (2016) experimentally studied on 

circumferential overlap trisection helical 

baffles shell and tube heat exchanger with 

folded baffles, their results shows the heat 

transfer performance and comprehensive 

performance evaluation indexes of the 

circumferential overlap trisection helical 

baffles are much better than the segmental 

baffle heat exchanger. 

Jian Fei Zhang et al (2009) experimentally 

studied the flow and heat transfer 

characteristics on several shell and tube 

heat exchangers, one with segmental baffles 

and helical baffles of four different helix 

angles like 20°, 30°, 40° and 50°. They 

found that the shell and tube heat 

exchanger with 40° helix angle shows the 

best performance under the same volume 

flow rate. Jian Fei Zhang et al (2009) 

carried 3D numerical simulation on shell and 

tube heat exchangers with three different 

helix angles like 30°, 40° and 50° and found 

that the 40° helix angles s hell and tube heat 

exchanger given best performance among all 

the three helix angles . 

The heat exchanger has 2000 mm length 

and 114.3 mm, 102.10 mm of shell outer and 

inner diameters are chosen with 4 numbers 

of tubes with outer diameters are 25.4 mm, 

arranged in an angle of 45° rotating square 

arrangement. From literature the optimum 

helix angle (β) is 40° and same has been 

considered for the present work and 

thickness of the baffle is 3 mm. Hot fluid is 

considered in shell side at temperature of 

343.15 K and cold fluid is considered in 

tube side at temperature of 298.15 K. In 

this study shell side flow rate (Qs) and tube 

side flow rates (Qt) are considered as 20 lpm 

to 60 lpm and 10 lpm to 30 lpm. )  

Baffle spacing (S) = 0.2  Di or 51mm. 

(Whichever is greater).  (1)  

Tube outer diameter (D0) = 25.4mm from 

Table RCB-4.52  (2) 

p = 1.25  d0  (3) 

 

m = Qs  Ps  (5) 
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Shell Side Calculation 

 

 

 
Equivalent/Effective diameter varies with 

the flow arrangements.  

 

 
For turbulent flow, Dittus -Boelter 

correlation is used  

 

 

 

 

Tube side calculation 

mt = Qt  Pt (16) 

At = N  A0 (17) 

 

 
For turbulent fluid flow, from Dittus-

Boelter correlation,  

 

 
The heat transfer coefficient can be 

calculated by the Nusselt number equation.  

 

 

 

 

 

 

 

 

 

 
Number and size of tie rods : No fewer than 

four tie rods and not less than 9.5mm of 
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diameter. Any baffle segment requires a 

minimum of three points of supports . 

IIIIIIIII...   RRREEESSSEEEARCHARCHARCH   MMMETETETHODOHODOHODOLLLOOOGYGYGY   

The heat exchangers are devices which 

transfers heat between two fluids which are 

at different temperatures. A shell and tub 

heat exchanger consists of a bundle of 

tubes enclosed within a cylindrical shell. 

One fluid flows through the shell and 

another fluid flowing through the tubes . The 

fluid flow and heat transfer processes are 

turbulent flow and steady state. The s hell 

and tube heat exchanger consider in the 

present study with helical baffles is shown 

in figure 1. 

 
Figure 1: Shell and Tube Heat Exchanger with Helical 

Baffle 

IVIVIV...   RRREEESSSUUULLLTTTSSS   ANDANDAND   DDDIIISCUSSSCUSSSCUSSIIIOOONNN   

Numerical analysis of shell and tube heat 

exchangers using 40° helical baffles are 

conducted in MAT Lab and results are 

discussing here. 

 
Figure 2: Reynolds number Vs Heat Transfer 

Coefficient (Shell side and Tube side) 

Figure 2 shows the increase of heat transfer 

coefficient along the Reynolds number in 

shell side as well as tube side, due to the 

increase in flow rates. 

 

 
Figure 3: Reynolds number Vs Friction factor (Shell 

side and Tube side) 

Figure 3 predicts the friction factor 

decreases along the increasing of Reynolds 

number in shell side and tube side for a 

helical baffled shell and tube heat exchanger. 

This is due to increase of mass flow rates . 

 
Figure 4: Reynolds number Vs Overall Heat Transfer 

Coefficient (Shell side ) 
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Figure 5: Reynolds number Vs Overall Heat Transfer 

Coefficient (Tube side ) 

Figure 4 indicates the Reynolds number Vs 

Overall heat transfer coefficient. Overall 

heat transfer coefficient increases with the 

increasing of Reynolds number. This is 

happen, due to increasing of flow rates . 

VVV...   CCCONCONCONCLLLUSUSUSIIIONSONSONS   

The research on shell and tube heat 

exchangers with helical baffles is done by 

many researchers and it was proved that 

pres sure drop decreases and increases the 

heat transfer. For many years, various types 

of baffles have been used in shell and tube 

heat exchangers to improve the heat 

transfer while maintaining a reasonable pres 

sure drop. Helical baffles are proved the 

suitable type of baffles for enhancing the 

heat transfer and reducing the pressure drop 

in shell and tube heat exchangers . From the 

pioneering work, the great significant in the 

improvement of heat exchangers with helical 

baffles and the heat transfer increases with 

the decreasing the helix angles and become 

mild after the helix angle 40° for larger flow 

rates and 12° for smaller flow rates. The 

friction factor decreases with the increase of 

Reynolds number in shell and tube heat 

exchangers. Heat transfer coefficient 

increases with the increasing of Reynolds 

number. 
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