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ABSTRACT
The shell side performance of shell and tube heat exchanger with different baffle cut along with different orientations is
numerically analyzed using CFD approach. For this purpose, segmental baffled E-type STHE with 8 baffles and 25%
and 35% baffle cut along with horizontal, rotational and vertical orientations are considered. CAD models of shell and
tube heat exchanger are created via solid edge software and these created models are simulated using fluid analysis
approach for different mass flow rates by fixing shell inlet liquid temperature and tube surface temperature as 300 K and
400 K respectively. The output results obtained from simulation shows that with increasing baffle cut from 25% to 35%,
shell side heat transfer rate increases by a value of 150.56 to 155 kW, 293.38 to 304.98 kW and 437.17 to 455.43 kW for
mass flow rate 0.5, 1 and 1.5 kg/s respectively, shell side pressure drop decreases from a value of 759.8 to 629.72 Pa,
3050.93 to 2432.7 Pa and 6859.3 to 5462 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively and also heat transfer
co-efficient increases from 3051.6 to 3114.5 W/m2K, 6367 to 6394.4 W/m2K and 9066.6 to 9042.4 W/m2K for mass flow
rate 0.5, 1 and 1.5 kg/s respectively for horizontal baffle cut orientation which gives better performance for different
baffle cut percentage.
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1. INTRODUCTION
Heat exchangers are devices whose primary purpose is to transfer of thermal energy from hot fluid to cold
fluid through a separating wall. Shell and tube heat exchanger is the most commonly used heat exchanger. It
consists of round tubes mounted on a large cylindrical shell with their axes parallel to the shell axis, in which
one fluid flows through the tubes while the other fluid flows around the tubes through shell. Its principal
components are shell, tubes, tube sheet and baffles. Baffles are the most important parts in STHE and its main
functions are to support the tubes for structural rigidity, to prevent the tubes from sagging and vibration
caused by flow induced eddies and to direct the fluid flow approximately normal to the tubes thereby
increasing the turbulence of the shell fluid and therefore the heat transfer co-efficient.The most common
baffle shape is single segmental baffle as shown in Figure 1 and Figure 2 shows baffle cut with different
orientations.

Figure 1: Single segmental baffles Figure 2: Baffle cut with different orientation
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2. PROBLEM FORMULATION
Baffles plays an very important role in the performance of STHEso in order to achieve better

performance, several analysis are carried outwithdifferent baffle space i.e. number of baffles [1-3] and baffle
cut percentage [4-7].In the all above analysis of performance of STHE with segmental baffle, horizontal baffle
cut orientation is considered. So in order to analyze shell side performance of STHE with different baffle cut
along with different orientations (horizontal, rotational (45°) and vertical), “Numerical analysis of shell and
tube heat exchanger performance with different baffle cut percentage along with different orientations” has
been undertaken.

3. OBJECTIVES

 To perform CFD simulation of STHE with segmental baffle by varying baffle cut percentage along
with different orientations.
 To analyze shell side pressure drop, heat transfer rate and heat transfer co-efficient for a particular
baffle spacewith different mass flow rate for different baffle cut percentage along with different orientations.

4. METHODOLOGY
4.1 Design of Shell and tube heat exchanger
A required design and geometric parameters of E-type STHE with segmental baffle as shown in Figure 3 with
8 number of baffles,25% baffle cut with horizontalorientations are created using solid edge software as shown
in Figure 4. After creating CAD models of STHE, all models are saved in IGES format.

Figure3: Sketch of E-type shell and tube heat exchanger

(a) 25% Baffle cut (b) 35% Baffle cut
Figure 4: CAD models for 8 Baffles, (a) 25 % Baffle cut and (b) 35 % Baffle cut

4.2 Mesh generation
The created CAD models geometry in IGES format are imported to ICEM CFD 15.0, then geometry cleaning
is done till to get a build topology tolerance as 0.01. For cleaned geometry of STHE, parts are created namely
inlet, inlet wall, shell, baffles, tubes, outlet and outlet wall. Finally fluid body is created inside the flow region
of STHE. Volume mesh is done to entire and all three dimensional models of STHE for which tetra/mixed
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type of mesh, Robust (Octree) method of mesh and smooth mesh is used. Meshing is done till to get a desired
minimum mesh quality of 0.3, for which maximum mesh elements obtained is around 2.2 million.Figure5
shows volume mesh model with different views.

Figure 5: Volume mesh model for 8-Baffles and 25% Baffle cut with different views

4.3 Assumption
Some of the assumptions made for the present analysis are, Flow is turbulent (k-epsilon), steady state type of
analysis and stationary fluid domain.

4.4 Boundary conditions

 Shell fluid inlet static temperature is taken as 300 K.
 No slip wall, smooth wall and adiabatic conditions are assigned to all the surfaces.
 Constant wall temperature of 400 K is assigned to the tube walls.
 In order to obtain a pressure drop between inlet and outlet, relative pressure at outlet is taken as zero.
 Subsonic flow regimes at both inlet and outlet of STHE.

5. RESULTS AND DISCUSSION
The effect of different baffle cut percentage along with different orientations are investigated for three
different shell side mass flow rates, the results obtained from the CFD simulation are shown below.

̇ = 0.5 kg ∕ s

̇ = 1 kg ∕ s
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̇ = 1.5 kg ∕ s
(a) Pressure contour (b) Temperature contour

Figure 6: Contours of pressure and temperature for 8-Baffles, 25% Baffle cut with horizontal orientation.

From Figure6.(a), it clears that pressure inside shell is maximum at inlet section of STHE i.e. 710.5, 2851.52
and 6409.03 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. While liquid enters through shell inlet, the
space availability for fluid flow inside the shell is less; therefore pressure inside the shell at inlet section is
more. As fluid continuously flows inside shell, the space availability for fluid flow increases thereby reduces
the pressure inside shell and also pressure at outlet is taken as zero, hence pressure decreases towards the end
of STHE i.e. minimum value of 49.3, 199.4 and 450.3 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively.
Also by increasing mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value
compared to low mass flow rate value. This is because for a particular baffle cut percentage, space availability
for fluid flow inside shell is same for all different mass flow rates hence with increase in mass flow, fluid flow
rushes inside shell as a result shell side pressure increases.

From Figure6.(b), it clears that shell side fluid temperature at inlet section is less compared to fluid
temperature at outlet. This is because less time available for the tubes to transfer heat to cold fluid which
enters through shell, but as fluid flows throughout inside the shell, the time availability for tubes to transfer
heat to cold fluid increases hence temperature at outlet is more i.e. 388.43, 390.4 and 391.6 K for mass flow
rate 0.5, 1 and 1.5 kg/s respectively compared to other sections. Also observed that fluid temperature near
baffle walls and tube walls are more than the fluid which flows away from the baffle and tube walls, because
velocity of fluid near the walls is very less or almost zero, hence more time is available for fluid to absorb
more heat from the tubes.

̇ = 0.5 kg ∕ s
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̇ = 1 kg ∕ s

̇ = 1.5 kg ∕ s
(a) Pressure contour (b) Temperature contour

Figure 7: Contours of pressure and temperature for 8-Baffles, 25% Baffle cut with rotational
orientation.

From Figure 7.(a), it clears that shell side pressure is maximum at inlet section of STHE i.e. 788.7, 3161.54
and 7107.98 Pa for mass flow rate 0.5, 1 and1.5 kg/s respectively. As fluid continuously flows inside shell, the
space availability for fluid flow increases thereby reduces the shell pressure towards the end of STHE i.e.
minimum value of70.5, 285.2 and 645.5 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. Also by
increasing mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value compared to
low mass flow rate value.

From Figure7.(b), it clears that shell side fluid temperature at outlet section is more compared to fluid
temperature at inlet i.e. maximum outlet temperatures are 385.8, 386.4 and 386.5 K for mass flow rate 0.5, 1
and 1.5 kg/s respectively.

From Figure 6.(a) and 7.(a), it clears that pressure inside shell is more with rotational orientation related to
horizontal orientation, because equal space is available for fluid flow in case of horizontal orientation but in
case of rotational orientation inclined space is available due to which fluid flow through baffle cut increases
gradually from one end to another hence shell side pressure ismore. From Figure 6.(b) and 7.(b), it clears that
more fluid temperature at outlet occurs with horizontal orientation than rotational.

̇ = 0.5 kg ∕ s
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̇ = 1 kg ∕ s

̇ = 1.5 kg ∕ s
(a) Pressure contour (b) Temperature contour

Figure 8: Contours of pressure and temperature for 8-Baffles, 25% Baffle cut with vertical orientation.
As shown in Figure 8.(a), shell side pressure is maximum at inlet section of STHE i.e. 693.4, 2783.5 and
6262.2 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. As fluid continuously flows inside shell, the
space availability for fluid flow increases thereby reduces the pressure inside shell towards the end of STHE
i.e. minimum value of 65.47, 269.9 and 616.8 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. Also by
increasing mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value compared to
low mass flow rate value. As shown in Figure 8.(b), shell side fluid temperature at outlet section is more
compared to fluid temperature at inlet i.e. maximum outlet temperatures are 385.42, 384.7 and 384.3 K for
mass flow rate 0.5, 1 and 1.5 kg/s respectively.

From Figure 6.(a), 7.(a) and 8.(a), it is observed that shell side pressure is almost same in case of horizontal
and vertical baffle cut orientation but more in case of rotational orientation, because equal space is available
for fluid flow in case of horizontal and vertical orientation but in case of rotational orientation inclined space
is available due to which fluid flow through baffle cut increases gradually from one end to another hence shell
side pressure is more. From Figure 6.(b), 7.(b) and 8.(b), it clears that more fluid outlet temperature attained
with horizontal orientation than other orientations.
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̇ = 1.5 kg ∕ s
(a) Pressure contour (b) Temperature contour

Figure9: Contours of pressure and temperature for 8-Baffles, 35% Baffle cut with horizontal
orientation.

As shown in Figure 9.(a), shell side pressure is maximum at inlet section of STHE i.e. 562.23, 2239.74 and
5023.85 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. As fluid continuously flows inside shell, the
space availability for fluid flow increases thereby reduces the shell pressure towards the end of STHE i.e.
minimum value of 47.5, 192.9 and 438.2 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. Also by
increasing mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value compared to
low mass flow rate value. As shown in Figure9.(b), shell side fluid temperature at outlet section is more
compared to fluid temperature at inleti.e. maximum outlet temperatures are 386.64, 386.06 and 386.9 K for
mass flow rate 0.5, 1 and 1.5 kg/s.

From Figure 6.(a) and 9.(a), it is observed that shell side pressure decreases with increasing baffle cut
percentage because of more space availability for the fluid flow. From Figure 6.(b) and 9.(b), it clears that
fluid outlet temperature decreases with increase in baffle cut percentage.

̇ = 0.5 kg ∕ s
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̇ = 1 kg ∕ s

̇ = 1.5 kg ∕ s
(a) Pressure contour (b) Temperature contour

Figure 10: Contours of pressure and temperature for 8-Baffles, 35% Baffle cut with rotational
orientation.

As shown in Figure 10.(a), shell side pressure is maximum at inlet section of STHE i.e. 515.5, 2057.3 and
4617.6 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. As fluid continuously flows inside shell, the
space availability for fluid flow increases thereby reduces the shell pressure towards the end of STHE i.e.
minimum value of 73.8, 300 and 683 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. Also by increasing
mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value compared to low mass
flow rate value. As shown in  Figure 10.(b), shell side fluid temperature at inlet section is less compared to
fluid temperature at outlet. Maximum outlet temperatures are390.3, 390.9 and 389.6 K for mass flow rate 0.5,
1 and 1.5 kg/s respectively.

From Figure 9.(a) and 10.(a), it clears that pressure drop inside the shell is more with rotational orientation
related to horizontal orientation, because equal space is available for fluid flow in case of horizontal
orientation but in case of rotational orientation inclined space is available due to which fluid flow through
baffle cut increases graduallyfrom one end to another hence shell side pressure is more. From Figure 9.(b) and
10.(b), it clears that more fluid outlet temperature attained with rotational orientation than horizontal.



616 Kiran Kumar K

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017̇ = 0.5 kg ∕ s

̇ = 1 kg ∕ s
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(a) Pressure contour (b) Temperature contour

Figure 11: Contours of pressure and temperature for 8-Baffles, 35% Baffle cut with vertical
orientation.

As shown in Figure 11.(a), shell side pressure is maximum at inlet section of STHE i.e. 548.2, 2186.3 and
4904.67 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. As fluid continuously flows inside shell, the
space availability for fluid flow increases thereby reduces the shell pressure towards the end of STHE i.e.
minimum value of 62.9, 253.9 and 576.8 Pa for mass flow rate 0.5, 1 and 1.5 kg/s respectively. Also by
increasing mass flow rate i.e. quantity of fluid flow, shell side pressure increases to high value compared to
low mass flow rate value. As shown in Figure 11.(b), shell side fluid temperature at outlet section is more
compared to fluid temperature at inlet. Maximum outlet temperatures are 389.9, 392.6 and 391.4 K for mass
flow rate 0.5, 1 and 1.5 kg/s respectively compared to other sections.

From Figure 9.(a), 10.(a) and 11.(a), it is observed that shell side pressure is more in case of horizontal than
rotational and vertical baffle cut orientation. From Figure 9.(b), 10.(b) and 11.(b), it clears that more fluid
outlet temperature attained with vertical orientation than other orientations.

The variation in heat transfer rate, shell side pressure drop and heat transfer co-efficient with different mass
flow rates for 8 baffles and 25% and 35% baffle cut along with different orientations are represented
graphically as shown below.
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Figure 12: Q v/s ̇ for 8 baffles with different baffle cut orientations.
Figure 12 shows that variation in heat transfer rate is very less for different baffle cut percentage. Variation in
heat transfer rate between rotational and vertical baffle cut orientations are less when compared with
horizontal orientation. Heat transfer rate increases with increase in mass flow rate because more quantity of
fluid is in contact with tubes and baffle walls as a result more heat transfer takes places. Variations in heat
transfer rate is very small for different baffle cut percentage along with different orientations up to mass flow
rate of 0.5 kg/s, later it shows some small variation in heat transfer rate.

Figure 13: ∆ v/s ̇ for 8 baffles with different baffle cut orientations.
Figure 13 shows that pressure drop in shell side decreases with increase in baffle cut percentage because more
space is available for fluid flow with more baffle cut percentage as a result pressure induced inside shell is less
but in case of less baffle cut percentage, space availability for fluid flow is less as a result pressure induced
inside shell is more. Variation in pressure drop between horizontal and vertical baffle cut orientations are very
small when compared with rotational orientation. Rotational and vertical baffle cut orientations gives less
pressure drop for 35% and 25% baffle cut respectively. Increase in mass flow rate increases pressure drop in
shell side because for a particular baffle cut percentage, space availability for fluid flow inside shell is same
for all different mass flow rates hence with increase in mass flow, fluid flow rushes inside shell as a result
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shell side pressure increases. Variations in pressure drop is small fordifferent baffle cut along with different
orientations up to mass flow rate of 0.5 kg/s, later it shows comparable variation in pressure drop.

Figure 14: h v/s ̇ for 8 baffles with different baffle cut orientations.
Figure 14 shows that variations in heat transfer co-efficient is small for different baffle cut percentage along
with different orientations. With increase in mass flow rate, heat transfer co-efficient increases because more
quantity of fluid is in contact with tubes and baffle walls as a result more heat transfer takes places. Variations
in heat transfer co-efficient  is very small for different baffle cut percentage along with different orientations
up to 1 kg/s of mass flow rate, later it shows small variation in heat transfer co-efficient.

6. CONCLUSION
In the present analysis, performance of STHE with different baffle cut percentage along with different
orientations is numerically analyzed using CFD. From CFD simulation, shell side heat transfer, pressure drop
and heat transfer co-efficient result values are obtained and with these results following conclusions are drawn
for increase in baffle cut from 25% to 35%.
 For horizontal orientation pressure drop decreasesfrom 759.8 to 629.7Pa, 3050.9 to 2432.7 Pa and 6859.3 to 5462 Pa

by 20.65%, 25.41% and 25.5% for mass flow rate 0.5, 1 and 1.5 kg/s respectively.
 For rotational orientation pressure drop decreases from 859.2 to 589.34 Pa, 3446.8 to 2357.3 Pa and 7753.5 to

5300.9 Pa by 45.8%, 46.2% and 46.3% for mass flow rate 0.5, 1 and 1.5 kg/s respectively.
 For vertical orientation pressure drop decreases from 758.9 to 611.07 Pa, 3053.4 to 2440.25 Pa and 6899 to 5481.5

Pa by 24.2%, 25.12% and 25.9% for mass flow rate 0.5, 1 and 1.5 kg/s respectively so more pressure drop is
obtained with rotational orientation and less with horizontal orientation.

 For horizontal orientation heat transfer rate increases from 150.6 to 155kW, 293.4 to 305kW and 437.2 to 455.4kW
by 2.92%, 3.95% and 4.2% for mass flow rate 0.5, 1 and 1.5 kg/s respectively.

 For rotational orientation heat transfer rate increases from 163.1 to 163.7kW, 321.9 to 324.7kW and 482.9 to
483.9kW by 0.37%, 0.87% and 2.07% for mass flow rate 0.5, 1 and 1.5 kg/s respectively.

 For vertical orientation heat transfer rate increases from 164.13 to 164.76kW by 0.4% for mass flow rate 0.5 kg/s
and decreases from 327.6 to 321.6kW by 1.83% and 489.4 to 479.8kW by 1.96% for mass flow rate 1 and 1.5 kg/s
respectively so more heat transfer rate is obtained with horizontal orientation.

 Variation in heat transfer co-efficient for different baffle cut percentage along with different orientations is very less
and increases by a small value of 2%. Also shell side pressure drop, heat transfer rate and heat transfer co-efficient
increases with increase in mass flow rate.So finally it can be concluded that better performance of STHEis achieved
with 35% baffle cut with horizontal orientation.

Abbreviations
STHE Shell and Tube Heat Exchanger

TEMA Tubular Exchanger Manufactures Association
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CFD Computational Fluid Dynamics

CAD Computer Aided Design

Nomenclatureṁ Mass flow rate (kg/s)∆P Shell side pressure drop (Pa)

h Heat transfer co-efficient (W/m2 K)

Q Heat transfer rate (W)

REFERENCES
[1] 1Devanand d chillal, 2Uday C kapale., 2017, Effect of Shell Side Heat Transfer Rate for Variation in Baffle Spacing

in TEMA E-Type STHE using CFD Technique, Asia Pacific Journal of Research /ISSN (online): 2347-4793.
[2] Su Pon Chit, Nyein Aye San, MyatMyatSoe., 2015, Flow Analysis in Shell Side on the Effect of Baffle Spacing of

STHE, International Journal of Science, Technology and Society. Vol. 3, No. 5, 2015, pp. 254-259.
[3] Farhad Nemati Taher; SirousZeyninejadMovassag; KazemRazmi; Reza TasoujiAzar., 2012, Baffle space impact on

the performance of helical baffle STHEs, Applied Thermal Engineering, 44 (2012) 143-149.
[4] 1Devanand d chillal, 2Uday c kapale., 2017, Effects on heat transfer rate for shell side in tema e-type STHEs due to

variation in the baffle cut percentage using CFD software, International Journal of World Research, Vol: 1 Issue
XXXVII.

[5] Avinash D Jadhav1, Tushar A Koli2, 2014,CFD Analysis of STHE to Study the Effect of Baffle Cut on the Pressure
Drop, International Journal of Research in Aeronautical and Mechanical Engineering,  ISSN (ONLINE): 2321-3051.

[6] Chetan Namdeo Patil1 N. S. Bhalkikar2, 2014, CFD Analysis of STHE to Study the Effect of Baffle Cut on the
Pressure Drop and Heat Transfer Coefficient, IJSRD – International Journl for Scientific Research & Development\
Vol. 2, Issue 05\ ISSN (online): 2321-0613.

[7] Prasanna. J1, H. R. Purushothama1, Devaraj K2, Murugeshan3, 2013, A Numerical Analysis of Hydrodynamic and
Heat Transfer Effects of Shell-and-Tube Heat Exchanger for Different Baffle Space and cut, Mechanica Confab
ISSN: 2320-2491


