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______________________________________________________________________________ 

A b s t r a c t 

 

Heat exchange devices are essential components in complex engineering systems related to 

energy generation and energy transformation in industrial scenes. Modeling of shell and tube 

heat exchanger, for design and performance evaluation, is now an established technique in 

industrial fields. In this paper, heat exchangers with baffles based on periodic boundaries have 

been simulated. All possible attempts were made to obtain the influence of baffle spaces on fluid 

flow and heat transfer on the shell side of by using the same geometrical and thermo physical 

conditions. The results of simulations indicate that for the same mass flow rate, the heat transfer 

per unit area decreases with the increase of baffle spaces; however, for the same pressure drop, 

the most extended baffle space obtains higher heat transfer. We also found out that the pressure 

gradient decreases with the increase of baffles space. 
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______________________________________________________________________________ 

 

1. Introduction 

For many years, shell and tube heat exchangers (STHXs) have been the most widely used 

equipment in the industrial fields including: power plant, petroleum refining, steam generation, 

etc. STHXs provide relatively large ratios of heat transfer area to volume and weight and can be 

easily cleaned [1].Baffles are one of the most important parts of STHXs, they force the fluid of 

shell side to flow across the tubes to ensure high heat transfer rates and also provide support for 

tube bundle. There are different types of baffle arrangement used in shell and tube heat 

exchangers. The most commonly used baf.es, called segmentalbaf.es, cause the shell-side fluid to 

flow in a zigzag manner across the tube bundle. This action improves heat transfer by enhancing 

turbulence or local mixing on the shell side; however, it also increases the shell side pressure 

drop and requires a great pumping power and; as a result, increases electricity consumption. 

High range of dead zones, back.ows and high risk of vibration failure on the tube bundle are 

other Disadvantages of above-mentioned baffle types. Baffle spacing and baffle cut ratio. Some 

authors considered the cost of heat transfer surface area or capital investment as an objective 

function to be minimized While others considered the sum of investment (related to the heat 

transfer surface area)and operational (fluid head losses) costs as an objective function for 

optimizing a shell and tube heat exchanger The sum of entropy generation of streams as an 

objective function was also reported in Multi-objective optimization of total annualized cost and 
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the amount of cooling water required for shell and tube heat exchanger was studied in reference 

.Hilbert et al. also, used a multi-objective optimization technique to maximize the heat transfer 

rate and to minimize the pressure drop in a tube bank heat exchanger. Liu and Cheng optimized a 

recuperate for the maximum heat transfer effectiveness as well as minimum exchanger weight 

and pressure loss. In this paper after thermal modeling of an industrial shell and tube. 

 

As a summary, the followings are the contribution of this paper into the subject:_  

 

Multi-objective optimization of shell and tube heat recovery heat exchanger was performed with 

effectiveness and total cost as two objectives (not selected in other available literature)using 

genetic algorithm._  

 

The tube arrangement, tube diameter, tube pitch ratio, tube length, tube number, baffle spacing 

ratio as well as baffle cut ratio were selected as design parameters (not selected as a group of 

variables in other available literature)._  

A closed form equation for the total cost in term of effectiveness at the optimal design point was 

proposed. This equation can be modeled without change in its procedure of deriving for any new 

input values._ Sensitivity analysis of change in objective functions when the optimum design 

parameters vary was performed. 
 

 

2. Baffling 

2.1 Type of baffles: Baffles are used to support tubes, enable a desirable velocity to be 

maintained for the shell side fluid, and prevent failure of tubes due to flow-induced vibration. 

There are two types of baffles: plate and rod. Plate baffles may be single-segmental, double-

segmental, or triple-segmental, as shown in Figure 1 

2.2 Baffle spacing: Baffle spacing is the centerline-to-centerline distance between adjacent 

baffles. It is the most vital parameter in STHE design. The TEMA standards specify the 

minimum baffle spacing as one-fifth of the shell inside diameter or 2 in., whichever is greater. 

Closer spacing will result in poor bundle penetration by the shell side fluid and difficulty in 

mechanically cleaning the out 

 

 

Fig.1 Types of Baffles 
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Fig. 2. Positions of periodic boundaries baffle pitch and baffle space. 

 

Sides of the tubes. Furthermore, a low baffle spacing results in a poor stream distribution as will 

be explained later. 

The maximum baffle spacing is the shell inside diameter. Higher baffle spacing will lead to 

predominantly longitudinal flow, which is less efficient than cross-flow, and large unsupported 

tube spans, which will make the exchanger prone to tube failure due to flow-induced vibration. 

Optimum baffles pacing. For turbulent flow on the shell side (Re > 1,000), the heat-transfer 

coefficient varies to the 0.6–0.7 power of velocity; however, pressure drop varies to the 1.7–2.0 

power. For laminar flow (Re < 100), the exponents are 0.33 for the heat-transfer coefficient and 

1.0 for pressure drop. Thus, as baffle spacing is reduced, pressure drop increases at a much faster 

rate than does the heat-transfer coefficient. This means that there will be an optimum ratio of 

baffle spacing to shell inside diameter that will result in the highest efficiency of conversion of 

pressure drop to heat transfer. This optimum ratio is normally between 0.3 and 0.6. 

2.3Baffle cut: As shown in Figure 2, baffle cut is the height of the segment that is cut in each 

baffle to permit the shell side fluid to flow across the baffle. This is expressed as a percentage of 

the shell inside diameter. Although this, too, is an important parameter for STHE design, its 

effect is less profound than that of baffle spacing. Baffle cut can vary between 15% and 45% of 

the shell inside diameter. Both very small and very large baffle cuts are detrimental to efficient 

heat transfer on the shell side due to large deviation from an ideal situation, as illustrated in 

Figure 3. It is strongly recommended that only baffle cuts between 20% and 35% be employed. 

Reducing baffle cut below 20% to increase the shell side heat-transfer coefficient or increasing 

the baffle cut beyond 35% to decrease the shell side pressure drop usually lead to poor designs. 

Other aspects of tube bundle geometry should be changed instead to achieve those goals. For 

example, double segmental baffles or a divided-flow shell, or even a cross-flow shell, may be 

used to reduce the shell side pressure drop. For single-phase fluids on the shell side, a horizontal 

baffle cut (Figure2) is recommended, because this minimizes accumulation of deposits at the 

bottom of the shell and also prevents stratification. However, in the case of a two-pass shell 

(TEMA F), a vertical cut is preferred for ease of fabrication and bundle assembly. Baffling is 

discussed in greater detail in (2) and (3). 
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Fig.2 Baffle cut 

 

Fig.3 Effect of small and large baffle cuts 

2.4Equalize cross-flow and window velocities: Flow across tubes is referred to as cross-flow, 

whereas flow through the window area (that is, through the baffle cut area) is referred to as 

window flow. The window velocity and the cross-flow velocity should be as close as possible — 

preferably within 20% of each other. If they differ by more than that, repeated acceleration and 

deceleration take place along the length of the tube bundle, resulting in inefficient conversion of 

pressure drop to heat transfer. 

3.1 LITERATURE REVIEW RELATED TO DESIGN OF STHE 

Yusuf Ali Kara, Ozbilen Guraras:
[1]

 Prepared a computer based design model for preliminary 

design of shell and tube heat exchangers with single phase fluid flow both on shell and tube side. 

The program determines the overall dimensions of the shell, the tube bundle, and optimum heat 

transfer surface area required to meet the specified heat transfer duty by calculating minimum or 

allowable shell side pressure drop. 

He concluded that circulating cold fluid in shell-side has some advantages on hot fluid as shell 

stream since the former causes lower shell-side pressure drop and requires smaller heat transfer 

area than the latter and thus it is better to put the stream with lower mass flow rate on the shell 

side because of the baffled space. 

Su Thet Mon Than, Khin Aung Lin, Mi Sandar Mon:
[2]

 In this paper data  is evaluated for 

heat transfer area and pressure drop and checking whether the assumed design satisfies all 

requirement or not. The primary aim of this design is to obtain a high heat transfer rate without 

exceeding the allowable pressure drop. 

The decreasing pattern of curves of Reynolds Number and heat transfer coefficient shown in 

figure 4 and figure 5 shows that the Re and h are gradually decreases corresponding as high as 
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tube effective length. Gradual decrease in Reynolds Number means there is significant decrease 

in pressure drop respectively. 

 

Figure 4: Reynolds Number on Number of Baffles and Length of Tube.  

 

Figure 5: Heat Transfer Coefficient on Number of Baffles and Length of Tube. 
 

3.2 LITERATURE REVIEW RELATED TO DIFFERENT OPTIMIZATION 

TECHNIQUES 

 

Resat Selbas, Onder Kızılkan, Marcus Reppich:
[3]

 Applied genetic algorithms (GA) for the 

optimal design of shell-and-tube heat exchanger by varying the design variables: outer tube 

diameter, tube layout, number of tube passes, outer shell diameter, baffle spacing and baffle cut. 

From this study it was concluded that the combinatorial algorithms such as GA provide 

significant improvement in the optimal designs compared to the traditional designs. GA 

application for determining the global minimum heat exchanger cost is significantly faster and 

has an advantage over other methods in obtaining multiple solutions of same quality. 

 
Sepehr Sanaye, Hassan Hajabdollahi

:[4]
 considered seven design parameters namely tube 

arrangement, tube diameter, tube pitch ratio, tube length, tube number, baffle spacing ratio as 

well as baffle cut ratio. Fast and elitist non-dominated sorting genetic algorithm with continuous 
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and discrete variables was applied to obtain the maximum effectiveness (heat recovery) and the 

minimum total cost as two objective functions. 

 

V.K. Patel, R.V. Rao:
[5]

 explores the use of a non-traditional optimization technique; called 

particle swarm optimization (PSO), for design optimization of shell-and-tube heat exchangers 

from economic view point. Minimization of total annual cost is considered as an objective 

function. Three design variables such as shell internal diameter, outer tube diameter and baffle 

spacing are considered for optimization. Two tube layouts viz. triangle and square are also 

considered for optimization. 

The presented PSO technique's ability is demonstrated using different literature case studies and 

the performance results are compared with those obtained by the previous researchers. PSO 

converges to optimum value of the objective function within quite few generations and this 

feature signifies the importance of PSO for heat exchanger optimization. 

 

 In a computer-based design, many thousands of 

alternative exchanger configurations may be examined. Computer codes for design are organized 

to vary systematically the exchanger parameters such as, shell diameter, baffle spacing, number 

of tube-side pass to identify configurations that satisfy the specified heat transfer and pressure 

drops. A computer-based design model was made for preliminary design of shell-and tube heat 

exchangers with single-phase fluid flow both on shell and tube side. The program covers 

segmental baffled U-tube, and fixed tube sheet heat exchangers one-pass and two-pass for tube-

side flow. The program determines the overall dimensions of the shell, the tube bundle, and 

optimum heat transfer surface area required to meet the specified heat transfer duty by 

calculating minimum or allowable shell-side pressure drop. 

: In this paper, an optimization program has been used 

to calculate the optimum baffle spacing and the number of sealing strips for all types of shell and 

tube heat exchangers, using the procedure in HEDH (heat exchanger design hand book). A set of 

correlation is presented for determining the optimum baffle spacing wide range of design input 

specification data are considered for all types of shell and tube exchangers, and their optimum 

exchangers for different values of W1(heat transfer area weight factor).This evaluation leads to 

correlation for determining the optimum baffle spacing. 

 

 Describes to consider suitable baffle spacing 

in the design process, a computer program has been developed which enables designers to 

determine the optimum baffle spacing for segmental baffled shell and tube condensers. 

Throughout the current research, a wide range of design input data specification for E and J types 

shell and tube condensers have been considered and their corresponding optimum designs for 

different values of W1 have been evaluated. This evaluation has been led to some correlation for 

determining the optimum baffle spacing. 

 

 studied that the optimum ratio of baffle spacing to shell diameter is 

determined by applying the thermo economic analysis method. Although there is no precise 

criterion to determine baffle spacing in the literature, it is obvious that thermo economic analysis, 

as defined in this paper, is a powerful tool for determining of the optimum baffle spacing. The 

results obtained, corresponding to the different objective functions, are also discussed. The 
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results of these methods are then used to demonstrate how the optimum baffle spacing ratio is 

affected by the varying values of the heat exchanger geometrical parameters. 

 

4. Conclusion 

 

From literature review it can be concluded that, 

Tube pitch ratio, tube length, tube layout as well as baffle spacing ratio was found to be 

important design parameters which has a direct effect on pressure drop and causes a conflict 

between the effectiveness and total cost. 

 

In brief, it is necessary to evaluate optimal thermal design for shell and tube heat exchanger to 

run at minimal cost in industries. 

Optimally designed baffles depend largely on the heat exchangers’ operating conditions, and it 

can be accomplished by appropriate design of helix angle, baffle space (overlapping),tube layout. 

Although the combination of mentioned factors is needed in order to design a proper heat 

exchanger, the role ofbaf.es is of great importance. Different baffle spaces can be utilized to 

obtain vast ranges of heat transfer and pressure drop. For instance, if higher heat transfer and less 

heat transfer area are considered as the most proper and beneficial conditions, the choice should 

be on heat exchangers with lower baffle spaces. On the other hand, if pressure drop is an 

important parameter, longer baffle spaces can significantly reduce pressure drop and pumping 

costs. In recent years, there have been significant researches on the Performance of STHXs 

especially on the effect of baffle inclination angle upon heat transfer and pressure drop. The 

present paper offers an additional factor, baffle space, which impose great impact on the 

Performance of STHXs as well, and can be accompanied by baffle inclination angle to obtain the 

most desirable ranges of heat transfer and pressure drop. That is, by considering both baffle 

space and baffle inclination angle in design of STHXs, designers are able to provide more 

adaptable heat exchangers for vast ranges of operation conditions. 
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