
                          © 2018 IJRTI | Volume 3, Issue 4 | ISSN: 2456-3315 
 

IJRTI1804031 International Journal for Research Trends and Innovation (www.ijrti.org) 164 
 

CFD analysis of Shell and Twisted Tube Heat Exchanger  
 

1
Nitesh K Patel, 

2
Jignesh M Barot 
 

1
M.E. Student, 

2
Assistant Professor 

Mechanical Engineering Department,  

Mahatma Gandhi Institute of Technical Education & Research Centre, Navsari, India 
  

Abstract— A shell and tube heat exchanger are widely used today in the industries like petrochemical ,pharmaceutical , oil 

and refineries , due to its high pressure application it is more suitable in the field of oil and petrochemical application , the 

main components of shell and tube heat exchanger are shell, tubes, tube sheet, baffles etc; with passing of time there are 

changes done in the design of shell and tube heat exchangers and the purpose of this research is about to study the tubes 

and instead of straight tube using twisted tubes to increase heat transfer rate, twisted tube which is more efficient than 

straight tube, twisted tube is able to create more turbulence in shell side and improve the performance of shell and tube 

heat exchanger. 
 

Index Terms— Shell and tube heat exchanger, Straight tube, twisted tube, Computational fluid dynamics, heat transfer, 

pressure drop. 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

Heat exchangers are the devices that are used to transfer heat from one fluid to other fluid. Condenser and evaporator that use in 

air conditioning units and refrigerants that type of heat exchanger have been used on our daily life. 

 

Boilers and condensers are included in the large industrial heat exchangers in thermal power plants. The radiators and oil coolers 

are the form of heat exchangers in the vehicles. These heat exchangers are most abundant in all process industries and chemical 

industries. There are wide varieties of heat exchangers that are used for diverse purposes where the construction also differs 

widely. The heat exchangers can be classified into different types based on few fundamental concepts. 

II. SHELL AND TUBE HEAT EXCHANGER 

 

A shell and tube heat exchanger (STHE) is mostly used heat exchanger in most of industry. Shell and tube heat exchanger are 

suited for higher pressure applications. Shell and tube heat exchanger application are industrial process, petrochemical, 

pharmaceutical, power and electric generation. In the Shell and tube type heat exchanger one fluid flow through the shell (Outside 

tube area) and another fluid flow inside the tube. A shell is a large pressure vessel and Tubes and baffle are important parts in 

STHE, set of tubes is called a tube bundle. TEMA has defined various shapes for design of front header and rear header as well as 

shell of heat exchanger. 

 

 
 

Fig.1. – Shell and tube heat exchanger 
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III. BENEFITS OF SHELL AND TUBE HEAT EXCHANGER 
STHE are most commonly used in basic heat exchanger in the process industries, the reason for this general acceptance are, this 

exchanger provides a comparatively larger ratio of heat exchanger area to volume and weight, Its provides this surface in a form 

which is relatively easy to construct in a wide range of sizes. Cleaning is easy in shell and tube heat exchanger. For STHE Failure 

component are easily replaced and for construction and design there component are easily available anywhere in world. 

IV. COMPONENTS OF STHE 

For the designing of heat exchanger designer have necessary to good working knowledge of the mechanical features of STHE and 

how they affect thermal design. The main components of an STHE are: Shell, Tubes, Tube bundle, Tube sheets, Baffles, Front 

header, Rear header and nozzles and other components are include Tie-rods, Spacers, Sealing strips, Supports and foundation. 

 

Front header: The fluid enters the tube side of exchanger called front header. 

Rear header: Where the tube side flow leaves the exchanger called the rear header. 

Tube bundle: Bunch of tube called tube bundle .Tubes, Tube sheets, baffle and tie-rods to hold the together by the tube bundle. 

Tube sheets: It is holes in sheet where the tube are inserted. 

Tie-rod: Secured at one end to tube sheet tie-rod are used. 

Baffle: Baffle are used to direct the flow and support the tube bundle. 
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V. LITERATURE REVIEW 

Xiang-hui Tan.et.al. [1] Twisted oval tube are investigate. The overall performance of heat exchanger  increases with Tube   

side flow rate 3 kg/s and Shell side flow rate Varies from 2.23 to 4.4 kg/s & Tube side flow rate 12 kg/s and Shell side flow rate 

Varies from 1.33 to 2.8 kg/s. The overall performance of heat exchanger  decreases with shell side flow rate 4  kg/s and tube side 

flow rate Varies from 4.38 to 1.26 kg/s & shell side flow rate 13 kg/s and tube side flow rate Varies from 4.78 to 2.11 kg/s. They 

Concluded that the twisted tube heat exchanger is preferred  to work at low tube side flow rate and high shell side flow rate. 

 

Ozden Agra.et.al [2] This study investigate the three different tubes helically finned tube, corrugated tube and smooth tubes.  

They have found that the corrugated tube have a higher  heat transfer coefficient than smooth tube but lower than the helically 

finned tube. Finned tube has highest convective heat transfer, and also highest friction factor result in higher pressure drop. 

 

Mir Majid Etghani.et.al [3] shell and helical tube heat exchanger is investigated. Model with parameter Pitch of coil 13,15,18 

and 20mm  and Tube diameter 7,5,11 and 12 mm and Cold and hot flow rate 1 to 4 LPM. They concluded from the result to 

optimum parameter for heat transfer coefficient  at lowest pitch of coil, and highest tube diameter and highest flow rate of both 

fluid. 

 

Xiang-hui Tan.et.al.et.al [4] They Stated the effects of geometrical parameters on the performance of the twisted tube.  They 

have found that the heat transfer coefficient and friction factor both increase with the increase of axis ratio, while both decrease 

with the increase of twist pitch length. larger a/b is the better performance for heat transfer & pressure drop . Overall performance 

are better at twist pitch length are 150mm.  

 

Sheng yang .et.al [5] Twisted elliptical tube with different structural parameter  experimental investigated. They have found that 

the TETs can heat transfer augmentation and also pressure drop inside tube. Larger tube aspect ratio and small twist pitch result in 

high heat transfer 

 

VI. DATA COLLECTION 

An attempt is made in the paper to design and perform the analysis of Shell and tube heat exchanger. The model is created by using 

SOLIDWORKS 2017. By applying boundary conditions, CFD analysis is carried out in ANSYS 18.2 .  

Design data which is used for the design of STHE is tabulated below. 

                                                         

Table 1 Geometrical Dimensions for STHE [7] 

Shell size, Ds 90mm 

Tube outer diameter, do 20mm 

Tube bundle geometry and pitch 30mm, Triangular 

Numbers of tubes, Nt 7 

Heat exchanger length, L 600mm 

Shell side inlet temperature, T 300K 

Baffle cut, Bc 36% 

Central baffle spacing,B 86mm 

Number of baffles, Nb 6 

file:///C:/Users/HP/Downloads/RP3.pptx
file:///C:/Users/HP/Downloads/RP3.pptx
file:///C:/Users/HP/Downloads/RP4.pptx
file:///C:/Users/HP/Downloads/RP5.pptx


                          © 2018 IJRTI | Volume 3, Issue 4 | ISSN: 2456-3315 
 

IJRTI1804031 International Journal for Research Trends and Innovation (www.ijrti.org) 166 
 

For CFD analysis the boundary conditions are given to both fluids which are tabulated below. Throughout project the boundary 

conditions are taken same. For both part water is used as working fluid. 

Table 2 Boundary Conditions 

Model k-ɛ (Turbulent-Model) 

Solver Steady state , First order 

Formulation Implicit 

Buoyancy Model Non Buoyant 

Morphology Continuous Fluid 

Domain Shell steel Shell fluid-water Tube steel Tube fluid-water   

Boundary  

Conditions 

Shell side Tube side 

Inlet outlet Inlet Outlet 

 

Case:1 

Mass flow rate 10Kg/s 0 Pa Mass flow rate 5 Kg/s 0 Pa 

Temperature 400K  Temperature 300K  

 

Case:2 

Mass flow rate 9 Kg/s 0 Pa Mass flow rate 4.5Kg/s 0 Pa 

Temperature 400K  Temperature 300K  

 

Case:3 

Mass flow rate 10Kg/s 0 Pa Mass flow rate 4 Kg/s 0 Pa 

Temperature 400K  Temperature 300K  

 

 

Interfaces 

Solid-Fluid Solid-

Fluid 

Solid-Fluid  

Shell steel- Shell fluid Tube 

steel-

Shell 

fluid 

Tube steel-Tube fluid  

Convergence 

Criterion 

10
-6

 for pressure residual 10
-3

 for all other residual 

 

VII. MODELING 

 

 
Fig. 2 Design of STHE (Straight tube bundle) 

 

 
 

Fig. 3 Design of STHE (90° twisted tube bundle) 
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Fig. 4 Design of STHE (15° twisted tube bundle) 

 

 
Fig. 5  Design of STHE (25° twisted tube bundle) 

 

 

VII. RESULTS 

The below table shows the result of CFD simulation of straight and twisted tube bundle of shell and tube heat exchanger. 

Table 3 Results by straight and different Degree of twisted tube bundle 

 MASS FLOW 

RATE, Kg/s 

PRESSURE 

DROP, kPa 

HTC, W/m
2
 .K 

 

 

Straight Tube 

bundle 

10 506.197 27830.2 

9 413.56 25358.1 

8 328.976 22847 

 

 

90° twisted tube 

bundle 

10 617.865 28262.9 

9 504.987 25701.5 

8 394.445 23128.7 

 

 

15° twisted tube 

bundle 

10 555.989 27926.9 

9 463.622 25211.2 

8 367.622 22711.2 

 

 

25° twisted tube 

bundle 

10 540.707 29853.7 

9 442.207 27940.9 

8 350.583 25348.3 

 

 

By all above cases optimum degree of twisted tube bundle is 25° and result are obtain for 25° degree twisted tube are shown 

below. 

Table 4 Compare CFD Result of (STRAIGHT TUBE & 25° TWISTED TUBE BUNDLE) 

 

MODIFIED GEOMETRY OF TUBE BUNDLE(25° TWISTED ) 

MASS FLOW 

RATE, Kg/s 

PRESSURE  

DROP, kPa 

HTC, 

W/m
2
 .K 

INCREASES 

IN PRESSURE  

DROP, kPa 

INCREASES 

IN 

HTC, W/m
2
 K 

10 540 29853 6.71 % 7.21 % 

9 442 27940 7.02 % 10.1 % 

8 350 25348 6.70 % 10.9 % 
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Fig.4.20 Compare CFD Result of (STRAIGHT TUBE & 25° TWISTED TUBE) 

The results obtained by modifying the degree of twisting tube bundle which is 25° are more optimum than earlier in Shell and 

tube heat exchanger geometry it gives lower increases in pressure drop as shown in above results 6 to 7% and better increases in 

heat transfer co-efficient which is 7 to 11%. 

 

VIII. CONCLUSION AND FUTURE SCOPE 

CONCLUSION 

Effect of tube bundle geometry on pressure drop & heat transfer co-efficient is analysed during the study, there are different 

parameter to improve efficiency of Shell and tube Heat exchanger but negligible work on tubes.  

In this simulation project improving Shell and tube heat exchanger efficiency used twisted tube bundle instead of straight tube 

bundle. Three different degree of twisted tube bundle taken in CFD simulation which is 90°, 15°, 25° with different mass flow 

rate. 

90° twisted tube bundle gives increase in Heat transfer coefficient but with extra pressure drop, 15° twisted tube bundle lower 

increases in Heat transfer coefficient and pressure drop, 25° twisted tube bundle better increases in in Heat transfer coefficient and 

lower increases in pressure drop compare with straight tube bundle. 

Analysis shows that 25° twisted tube bundle gives optimum result for pressure drop and Heat transfer coefficient which is 6 to 

7 % increases of pressure drop and 7 to 11% increases of Heat transfer coefficient with different mass flow rates compare with 

straight tube bundle. 

FUTURE SCOPE 

1. Further Analysis taken with different degree of twisted tube bundle which is in between 25° to 90°. 

2. Also analysis checked for twisted tube bundle with different mass flow rates. 
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