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ABSTRACT

Inclined baffled heat exchanger is a modified conventional shell and tube heat exchanger to improve the thermal efficiency

of the shell and tube heat exchanger by increasing the heat transfer surface area. In this shell and tube heat exchanger the

heat transfer coefficient increases with increase in surface area by providing a baffle at some degree of inclination. Due

to inclination of baffles shell side flow travels over the tube with elliptical contact with less eddies in between the

compartments. Flow will be with less acceleration & deceleration which leads to increase the surface contact of baffle

with tube, which causes increase in heat transfer coefficient of shell and tube heat exchanger. In this present work, attempts

were made to investigate the impact of baffle inclination angle on overall heat transfer coefficient and pressure drop of a

shell-and-tube heat exchanger. The experimental results for shell and tube heat exchanger with baffle inclination of 20˚

are determined. For straight baffles perpendicular to the direction of fluid flow, analytical results by Bell-Delaware

Method are determined. And all these results are compared for their performance. For a given baffle inclination of 20˚,

the heat exchanger performance is investigated by varying mass flow rate. From the results, the pressure drop, overall

heat transfer coefficient, heat duty for the given mass flow rates are determined.

Keywords: Bell Delaware method, Heat duty, Heat transfer coefficient, Inclination angle, Pressure drop, Shell and
tube heat exchanger

INTRODUCTION
Heat exchangers have always been an important part to the lifecycle and operation of many systems.
A heat exchanger is a device built for efficient heat transfer from one medium to another in order to
carry and process energy. In heat exchanger, one fluid is cooled while the other is heated. They are
widely used in chemical plants, petrochemical plants, petroleum refineries, natural gas processing, Air
conditioning, refrigeration and automotive applications. There are two main types of heat exchangers,
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direct contact heat exchanger, where both media between which heat is exchanged are in direct contact
with each other and indirect contact heat exchanger, where both media between which heat is
transferred are separated by a wall so that they never mix. [1] In heat exchanger there are usually no
external heat and work interactions.

Shell and tube heat exchanger is generally built of a bundle of round tubes mounted in a cylindrical
shell with the tube axis parallel to that of the shell. One fluid flows inside the tube and other flows
across and along the tubes. A variety of different internal constructions are used in a shell and tube
exchangers, depending on desired heat transfer and pressure drop performance. Baffles are one of the
important components in shell and tube heat exchanger. Baffles may be classified as transverse and
longitudinal types. Traverse baffles may be classified as plate baffles and grid baffles. Plate baffles are

used to support the tubes during assembly and operation and to direct the fluid in the tube bundle
approximately at right angles to the tubes to achieve higher heat transfer coefficient. Plate baffles
increase the turbulence of the shell fluid and minimize tube to tube temperature differences and thermal
stresses due to the cross flow [2].

Recently helical baffles are being used in shell and tube heat exchanger instead of straight baffles.
There are many advantages are seen in heat exchanger with helical baffles such as reduced shell-side
fouling, increased heat transfer rate to pressure drop ratio, reduced bypass effects, and prevention from
flow-induced vibration.[3-5]. Lutcha and Nemcansky [3] investigated the flow pattern and heat
transfer of tubular heat exchangers with helical baffles. They found that the velocity gradient within
the helical channel induced by the baffles also caused the heat transfer on the shell side to be increased
markedly. Kral et al. [4] checked the performance of heat exchanger with various helical baffle
geometries. Zhang et al. [5] presented an experimental investigation of heat transfer and pressure drop
of a helically baffled heat exchanger with petal-shaped finned tubes.

Yong-Gang Lei et al. carried numerical simulations to study the impacts of various baffle inclination
angles on fluid flow and heat transfer of heat exchangers with helical baffles. From their study they
found that the heat exchangers with continual helical baffles have higher heat transfer coefficients to
the same pressure drop as compared to segmental heat exchanger. They concluded that the heat
exchangers with helical baffles will have a higher heat transfer coefficient when consuming the same
pumping power and proper baffle inclination angle will provide an optimal performance of heat
exchangers [6]. Ajithkumar M.S. et al. has done computational fluid dynamic (CFD) analysis of a
single pass parallel flow Shell and Tube Heat Exchanger (STHX) with different baffle inclinations.
Attempts were made to investigate the effects and heat transfer characteristics of a STHX for three
different baffle inclinations namely 0°, 10°, and 20° for a given baffle cut of 36% [1].

Rajagapal Thundil Karuppa Raj et al. [7] investigate the impacts of various baffle inclination angles
on fluid flow and the heat transfer characteristics of a shell-and-tube heat exchanger for three different
baffle inclination angles namely 0°, 10°, and 20°. For a given baffle cut of 36%, the heat exchanger
performance is investigated by varying mass flow rate and baffle inclination angle. From their study
they found that the pressure drop is decreased by 4%, for heat exchanger with 10° baffle inclination
angle and by 16 %, for heat exchanger with 20° baffle inclination angle. The maximum baffle
inclination angle can be 20°, if the angle is beyond 20°, the centre row of tubes are not supported.
Hence the baffle cannot be used effectively. Hence they concluded that shell and tube heat exchanger
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with 20° baffle inclination angle results in better performance compared to 10° and 0° inclination
angles.

Abdur Rahim, S.M.Saad Jameel [8] also studied the shell and tube heat exchanger with various baffle
inclinations. The simulation results for various shell and tube heat exchangers, one with segmental
baffles perpendicular to fluid flow and two with segmental baffles inclined to the direction of fluid
flow are compared for their performance. From their investigation they found that heat exchanger with
20° baffle inclination angle is more efficient.

S. S. Shinde et al. has done research on Comparative thermal analysis of helixchanger with segmental
heat exchanger using Bell-Delaware method. They concluded that proper baffle inclination angle will
provide an optimal performance of heat exchangers [9].

All these works done by various researchers are using computational fluid dynamics. The main
objective of this work is to find the performance of shell and tube heat exchanger with 20° inclined
baffle. For that an experimental test rig shell and tube heat exchanger is fabricated. The readings are
taken and results are found out. Then experimental results are compared with the theoretical results
found out by Bell-Delaware Method.

1. EXPERIMENTAL WORK
1.1 Selection of Heat exchanger
A shell and tube heat exchanger is selected for the experimental study. These types of heat exchangers
are robust geometrical construction, easy maintenance and possible upgrades.

Part Details-

A shell is fabricated from mild steel (IS 1239 ERW). The shell is equipped with two nozzles and having
tube sheets at both ends which also serve as flanges for the attachment of the two channels and their
respective channel covers. In this shell the cold water flow takes place.

Material = IS 1239 ERW (Mild Steel)

Nominal Bore = 3”
Thickness = 3.25 mm

Length = 592 mm

Tube

Heat exchanger tubes are also referred to as condenser tube. These are made from the copper materials.
Tubes are fitted inside the shell with the help of baffles plates. In this hot water flow takes place.

Material = Copper

Outside Diameter = 5 8⁄ ”
Length = 645 mm

No. of tubes = 8

Baffle
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It is apparent that a higher heat transfer co-efficient result, when liquid is maintained in a state of
turbulence. To induce turbulence outside the tubes it is customary to employ baffle which causes the
liquid to flow through the shells.

Material = IS 2062

Outside Diameter = 76 mm

Thickness = 1.5 mm

No. of Baffles = 6

Cold water tank

We used metal water tank to circulate the cold water.

Cold water tank volume = Depth Width  Length

= 0.35 m  0.5 m  0.9 m

Hot water tank

We used plastic tank to circulate the hot water.

Diameter of the tank = 0.50 m

Height of tank = 0.65 m

Temperature Gauges

To measure the inlet and outlet temperature of both cold and hot water, we used 4 number of
temperature gauges. This temperature gauges operating range is about 0-120 °C and resolution 1°C.
We are using national (ISO certified) company temperature gauges.

Temperature Controller

To control the temperature of hot water tank we used temperature controller. The temperature of hot
water tank is set to maximum temperature of 75˚ C.
Manufacturer = Creative Control, Mumbai.

Range = Up to 1200˚C
Contactor = UCH-16A 2P (Made by Unitex)

Coil Voltage = 220 V, 50 Hz

Pressure Gauges

To measure inlet and outlet pressure of both the cold and hot fluid we used 4 numbers of pressure
gauges. These pressure gauges are having the pressure range of 0-4.2 kg/cm2, and 0-60 lb/in2 which
are of the micro company.

Pipes

For cold fluid and hot fluid we used A-PVC pipes (FinOlex made) and pipe fittings like elbows, collars,
reducers, Tee’s etc.
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Flexible Pipes

We used two 1 2⁄ ” flexible pipes to measure hot and cold water flow rates with help of measuring
tanks. These pipes are used to connect the cold and hot water outlets to the measuring tank whenever
required.

Cold Water Pump

We used 2 HP multistage centrifugal pump to pump and circulate the cold water through pipes and
heat exchanger.

Specification of pump:

Manufacturer = Suguna Industries, Coimbatore.

Power = 2 HP

Speed (N) = 1420 rpm

Efficiency = 80 %

Motor used = 3 phase Induction Motor,

2 HP, 1415 rpm, 415V, 50Hz,

Manufactured by Compton Greaves Limited

Hot Water Pump

We used 0.5 HP centrifugal pump to circulate the hot water from the plastic tank to the heat exchanger
through the pipes.

Specification of the pump:

Manufacturer = V Guard Industry Ltd., Vennala, Cochin-28

Power = 0.37 kW or 0.5 HP, AC 1 phase, 240 Volts, 50Hz.

Speed (N) = 2800 rpm

Discharge = 780 LPH

Head range = 6/33 m

Pipe Size = 25 x 25 mm

Flow control valves

To measure and control the flow through the pipes and heat exchanger, we used ball valves types flow
control valves. By experimental layout there are two 1” flow control valves and two 3 4⁄  flow control
valves. We are using total 4 numbers of valves in the layout, 2 for tube side and 2 for shell side flow.
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1.2 Working Methodology

Figure 1: Line Diagram of Shell and Tube Heat Exchanger with Inclined Baffles

1.3 Experimental Setup
A tank with electrical water heater is provided to heat the water to be circulated through the tubes of
heat exchanger. There is 3 coiled heater of 2500 W. Thus the hot fluid (water) from tank is pumped
through the tubes of heat exchanger using a centrifugal pump of 0.5 HP power rating. The required
flow rate is maintained using flow control valve & the flow rate is measured. The hot water passes
through 8 numbers of tubes & its outer is connected to the tank for recirculation. The required pressure
& temperature of both inlet & outlet of hot fluid for tube side flow is measured using pressure gauge
& temperature gauge respectively.
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Figure 2: Experimental Setup of Shell and Tube Heat Exchanger with
Inclined Baffles

At the same time the cold fluid (water) from the tank is circulated through the shell of heat exchanger
using a centrifugal pump of 1 HP power rating. The required flow rate is maintained using flow control
valve & flow rate is measured. The required pressure & temperature readings of both inlet & outlet of
cold fluid is measured using pressure gauge & temperature gauges respectively.

Experiments are conducted for different flow rates of cold fluid in shell side. All measurements are
taken only after reaching the steady state condition. Once a steady state is attained, values of flow rate
of cold fluids at inlet & outlet are measured & also power input to the heaters & the pump are note
down.

2. EXPERIMENTAL READINGS
Table 1: Shell side experimental readings

Sr. No.

Cold-water
Flow Rate

(Shell-side)
(LPS)

Cold-water temp.
(°C) ΔTc (°C)

Pressure in
kg/cm2 ΔPs in

kg/cm2

Tci Tco P1 P2

1 0.344 25 36 11 0.5 0.1 0.4

2 0.2804 25 40 15 1.1 0.92 0.18

3 0.205 25 42 17 2.05 0.95 1.1
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Table 2: Tube side experimental readings

3. CALCULATIONS
A. Bell-Delaware Method

1) Cross flow area at shell diameter.= × × = × . × . = 1.21695 × 10
3.1 Shell side heat transfer coefficient

Considering, average temperature for shell side is 40 C.

From DHB, = 0.628 ℃ = 0.658 × 10= 4.1784 ℃ = 6.58 × 10
Reynolds Number= ×× = . × .. × × . × = 5089.1> 2000
So, Flow is Turbulent.

The Basic equation for calculating the avg. shell side heat transfer coefficient is,h = h [ J × J × J × J × J ]
Where, hid is the ideal heat transfer coefficient for pure cross flow in an ideal tube tank.

ℎ = × × × × × .
= 0.321 , = −0.388, = 1.45 , = 0.519

Sr. No.

Hot-water Flow

Rate (Tube-side)

(LPS)

Hot-water temp.

(°C) ΔTh (°C)

Pressure in

kg/cm2
ΔPt in

kg/cm2

Thi Tho P3 P4

1 0.3554 72 64 8 1.5 1.3 0.2

2 0.3554 74 67 7 1.45 1.25 0.2

3 0.3554 75 68 7 1.48 1.28 0.2
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= 1 + 0.14 ( )= 0.1138= . × ( ) = 0.321 × .. . × (5089.1) .
= 11.7761 × 10
ℎ = × × × × × .
ℎ = 11.7761 × 10 × 4.17814 × 10 × 0.25671.21695 × 10× 0.6284.1784 × 10 × 6.58 × 10 × (1) .ℎ = 3878.3511 ℃
Let us assume that the combine effect of correction factor is 60 ℎ = 0.6 × ℎℎ = 2327.01 ℃
3.2 Total area of unit= × × = × = × 15.875 = 49.8728 = 8 ×49.8728 × 640= 0.2553
3.3 Tube side heat transfer coefficient

For tube side, mean temp. =72 C

From DHB= 979.7 = 0.6595 ℃ = 0.421 × 10= 4.21 × 10 = 14 = 0.014= × × = × . × = 1.2315 × 10= = .. × = 267.3163
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= = . . = 0.2728 ⁄
Reynolds Number= × × = 8887.58> 2000
The flow is Turbulent in nature

The tube side heat transfer coefficient hi can be calculated from the Petukhov-Kirillov correlation as
given by,= (1.58 × ln − 3.28) = (1.58 × ln(8887.58) − 3.28)= 8.1387 × 10= 2.62 70℃
= 2 × ( − 1000) ×1 + 12.7 × 2 × − 1
= 8.1387 × 102 × (8887.58 − 1000) × 2.62
1 + 12.7 × 8.1387 × 102 × 2.62 − 1= 48.6133ℎ = × ℎ = 48.6133 × . .ℎ = 2290.03 ℃

3.4 The overall heat transfer coefficient for clean  surface1 = 1ℎ + 1ℎ × + × ln
1 = 12327.01 + 12290.03 × 0.0158750.014 + 7.93 × 10 × ln 7.93 742.31 = 9.428 × 10
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= 1054.54 ℃
3.5 Heat Duty= × × = 1054.54 × 0.2553 × 32 = 8615.17= 8.61517
3.6 Pressure Drop in Shell Side= = .. × = 210.9372= 0.01732
= × = . × ...= 2.2 ≈ 3

Now calculating fanning factor coefficient= 0.372, = 7, = 0.5= [1 + 0.14 × (5089.1) . ]= 0.6371
= × . ( ) = 0.372 × .. . (5089.1) .
= 0.1348∆ = × × ×× × ∆ = × . × . ×× × (1)∆ = 36.168, = 0.63, = 0.4∆ = ∆ × ( − 1) × × ∆ = 36.168 × (6 − 1) × 0.4 × 0.6∆ = 43.40 ∆= 0.8 × 0.0190.01732 = 0.88 ≈ 1ℎ ℎ ℎ ℎ
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= −== &= 6.8895 × 10∆ = × ( . × )× × × ∆ = 0.2567 × ( . × )× × . × × . ×∆ = 102.6861
3.7∆ = ∆ × × ∆ = 102.6861 × 6 × 0.4 ∆ =246.4466 = 1 &∆ = 2 × ∆ × × × ∆ = 2 × 36.168 × × 0.6 × 1∆ = 57.8688
3.8∆ = ∆ + ∆ + ∆ ∆ = 43.40 + 246.4466 + 57.8688∆ = 347.7154
3.9

∆ = 4 × × × + 4 × × ×2∆ = 4 × 7.869 × 10 × 0.64 × 10.014 + 4 × 1 × 977.5172 × (0.288)2∆ = 221.41
B. Calculations of Experimental Data

3.10 Heat Duty= × × ∆
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= 0.344 × 4180.2 × 11= 15817.87= 15.82
3.11 Overall heat transfer coefficient= × ×15817.87 = × 0.2553 × 37.48= 1653.09 ℃
4. EXPERIMENTAL RESULTS

Table 3: Comparison between Theoretical and Experimental Results

5. CONCLUSION
In this paper the comparative study of performance of heat exchanger with straight and inclined baffles
are done to show the effect of baffle inclination angle on heat transfer and pressure drop characteristic.

Shell side
mass flow
rate ms in

LPS

Tube side
mass flow
rate mt in

LPS

Shell side
pressure drop∆ in Bar

Tube side pressure
drop ∆ in Bar

Overall Heat Transfer
Coefficient

‘Uc’ in W/m2°c

Theo. Expt. Theo. Expt. Theo. Expt.

0.344 0.3554 0.018 0.4 0.0066 0.2 1208.1 1653.09

0.2804 0.3554 0.018 0.18 0.0066 0.2 1137.93 1819

0.205 0.3554 0.018 1.09 0.0066 0.2 1030.55 1510.28
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The shell and tube heat exchanger with inclined baffles is fabricated. The baffle inclination angle is
set to 20ᵒ. The theoretical results of shell and tube heat exchanger with straight baffles are calculated
using Bell Dalaware method with constant mass flow rate of fluid in shell. The readings of pressure
drop and overall heat transfer rate in both type of heat exchanger are then compared.

The major findings are summarized as follow-

1. As the Reynolds number increased in inclined baffled heat exchanger, the pressure drop in shell side
is increased than straight vertical heat exchanger.

2. The overall heat transfer rate in shell and tube heat exchanger with inclined baffles is increased than
in straight baffled heat exchanger.

3. It can be concluded that 20ᵒ baffle inclination angle will provide better performance of heat
exchangers. The study conducted about heat transfer, pressure drop and flow distribution in this paper
may serve as a basis for further optimization of shell-and-tube heat exchangers.
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