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ABSTRACT

This paper presents a technical overview of rod baffle heat exchangers (RBHXs) designed in accordance with
Novolen and Scientific Design technologies, demonstrating how Precision Equipments (Chennai) Private Limited
(PECPL) has successfully engineered and manufactured these exchangers for severe and continuous industrial
services. The aim is to highlight how rod batfle configurations improve thermal performance, reduce pressure
drop, and enhance mechanical reliability compared to conventional segmental baffle designs. The paper discusses
design principles, flow behaviour, manufacturing considerations, and real plant applications. Results from
polypropylene and polyethylene loop reactor services using Novolen designs demonstrate reduced pressure drop,
elimination of vibration, and minimized fouling. Scientific Design RBHXs applied in ethylene oxide and ethylene
glycol plants achieve stable heat transfer, low pressure drops, and improved reliability under high-pressure and
cyclic operating conditions.

ZXCHANGER XPRESS www.pecpl.com


http://www.pecpl.com/

August 2026

August 2026

1. INTRODUCTION

Heat transfer plays a vital role in the modern world
because, according to the first law of thermodynamics,
energy cannot be neither created nor be destroyed but
can only be converted from one form to another. Heat
energy is therefore continuously transformed into
other usable forms of energy in both industrial
processes and daily life. In most process industries,
heat transfer occurs when a hot fluid releases heat and
a cold fluid absorb it, enabling efficient energy
utilization. This exchange of thermal energy is carried
out using specialized equipment known as heat
exchangers. Various types of heat exchangers are
employed depending on process requirements,
including shell-and-tube, double-pipe, hairpin, plate-
and-shell, plate-and-frame heat exchangers, and air-
fin coolers. Heat exchangers are indispensable across
industries such as oil refineries, chemical processing,
pharmaceuticals, renewable energy, nuclear power,
and many other sectors. At PECPL, located in Chennai,
we are equipped with comprehensive manufacturing
facilities to design and fabricate heat exchangers
catering to all these industries. In this article, the real-
time applications and technical specifications of rod
baffle heat exchangers are discussed, based on Novolen
and scientific design projects successfully executed at
PECPL.

A shell and tube heat exchanger consists of several key
components, including the shell, tubes, baffles, tube
sheets, gaskets, fasteners, channels, and nozzles. Each
of these components is carefully selected based on
detailed technical evaluation to ensure they can
withstand the required heating and cooling conditions,
while also meeting client specifications and process
Heat

designed in accordance with TEMA standards, which

requirements. exchangers are commonly
define different construction types suitable for specific

services, operating conditions, and maintenance needs.

Among all components, baffles play a critical role in
determining the thermal and hydraulic performance of
the heat exchanger. They support the tubes, direct
shell-side fluid flow, and significantly influence heat
transfer efficiency and pressure drop. Various baffle
configurations are used in practice, such as segmental,

double
doughnut, rod, and helical (spiral) baffles.

segmental, triple segmental, disc-and-

Each baffle type has its and

limitations and is suited to process conditions. A baftle

own advantages

design that performs well in one application may not
be optimal in another due to differences in fouling
tendency, pressure drop, vibration, and heat transfer
requirements. Therefore, a detailed thermal and
mechanical design analysis 1is essential before
finalizing the baffle type. Based on such evaluations,
rod baffle heat exchangers are often selected for
polypropylene and polyethylene plants, where low
fouling, reduced pressure drop, and stable long-term
performance are critical.

Rod baffle heat exchangers were originally developed
in the early 1970s by engineers at Phillips Petroleum
Company to address flow-induced tube vibration, high
pressure drop, and fouling issues commonly associated
with conventional segmental baffle designs. By
replacing solid baffles with rod supports, the design
enables predominantly longitudinal shell-side flow,
resulting in improved mechanical reliability, reduced
vibration, lower pressure drops, and enhanced
operational stability. This licensed technology was
subsequently adopted by Novolen, later part of the
BASF Group, and standardized for use in polypropylene
(PP) and polyethylene (PE) plants. Novolen integrated
rod baffle heat exchangers into their process design
packages, where they became mandatory or preferred
equipment for critical services such as reactors,
condensers, and heat recovery systems.

A rod baffle heat exchanger is a type of shell-and-tube
exchanger in which conventional solid plate baftfles are
replaced by a series of rod grids extending along the
entire length of the shell. This design significantly
reduces shell-side pressure drop and eliminates
stagnant or dead-flow zones within the tube bundle.
The rod baffle grids are arranged in an alternating
pattern, firmly restraining each tube and thereby
providing excellent protection against flow-induced
vibration. Due to these advantages, rod baffle heat
exchangers are widely used in petrochemical processes
where low pressure drop, minimized fouling, and
vibration-free operation are critical performance
requirements. The differences between Novolen and
Scientific Design rod baftle configurations, along with
their respective applications, are discussed in the
Fig 1 shows the rod balffle

following section.

arrangement.
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Fig 1. Rod baffle arrangement

2. MATERIALS AND METHODS

Rod baffle heat exchangers designed in accordance
with Novolen and Scientific Design technologies are
extensively used in polymer, petrochemical, and
chemical processing industries. These exchangers are
specifically selected for services that demand low shell-
side pressure drop, minimized fouling, -effective
vibration control, and reliable long-term operation
under high-temperature and high-tflow conditions.
Unlike conventional segmental baffle exchangers, rod
baffle designs avoid abrupt changes in shell-side flow
Instead, the shell-side fluid follows a
smooth, predominantly longitudinal and helical tlow

direction.

path, resulting in a more uniform velocity distribution
across the tube bundle. This controlled flow behaviour
reduces localized velocity peaks, suppresses flow-
induced vibration, and enhances heat transfer
thereby

efficiency and mechanical integrity.

performance, improving both thermal
In a rod baffle heat exchanger, the tube bundle is
supported by a series of axially distributed support
rods arranged circumferentially around the tubes.
These rods perform two primary functions:

e providing continuous mechanical support to the
tubes along the full length of the exchanger, and

This
eliminates stagnant and low-velocity zones that are

rod-supported  configuration  effectively
commonly present in conventional segmental baffle
designs. The resulting uniform shell-side velocity
distribution reduces crossflow impingement forces,
thereby

fretting damage, and shell-side erosion, particularly

significantly minimising tube vibration,

under high-flow and high-temperature operating
conditions.

Both Novolen and Scientific Design heat exchangers
are based on this fundamental rod baffle principle,
with specific design adaptations incorporated to satisty
individual process requirements, operating conditions,
and licensor design standards.

2.1 NOVOLEN ROD BAFFLE DESIGN

Novolen rod baffle heat exchangers are predominantly
applied in polypropylene (PP) and polyethylene (PE)
units because their design directly addresses the
demanding operating conditions of polyolefin
polymerisation processes. PP and PE loop reactors
handle high-temperature polymer slurry at very high
circulation rates and require uninterrupted, long-term
Under

segmental baffle exchangers tend to suffer from abrupt

operation. such conditions, conventional
flow redirection, stagnant zones, polymer deposition,
fouling, and severe flow-induced tube vibration, all of
which can compromise reliability and lead to
unplanned shutdowns.

The Novolen rod baffle concept replaces solid battles
with axially distributed

circumferentially around the tube

rods arranged
bundle. This

configuration promotes a smooth, longitudinal or

support

mildly helical shell-side flow, ensuring uniform
velocity distribution and eliminating dead zones where
polymer can accumulate. Continuous tube support
along the exchanger length effectively suppresses
vibration, fretting, and erosion even at elevated shell-
side velocities, while the reduced pressure drop
improves overall process efficiency.

Because PP and PE plants demand high mechanical
integrity, stable thermal performance, and extended
operating campaigns, the Novolen rod baffle heat
exchanger has been standardised and licensed within
Novolen (now BASF) process technologies. Its proven
ability to handle slurry, high-viscosity fluids with
minimal fouling and superior vibration control makes
it the preferred and often mandatory choice for critical
PP and PE polymerisation services. Fig 2 shows the
Novolen rod baffle bundle arrangement.
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Fig 2. Novolen rod baffle bundle arrangement

2.1.1 APPLICATION CASE: ROD BAFFLE
HEAT EXCHANGER IN PP LOOP
REACTOR SERVICE

loop reactor

Operating Conditions:

e Temperature: 180-200 °C

e Shell-side velocity: 1.8—-2.2 m/s

e Continuous polymerisation operation

Process Challenges:

In conventional segmental baffle heat exchangers,
abrupt shell-side tflow redirection generated high local
velocity impingement on tubes, resulting in flow-
tube
promoted polymer

induced vibration and accelerated
Additionally,

deposition, leading to fouling, blockage, and reduced

wear.
stagnant zones
operational stability.

Rod Batftle Solution:

A helical rod batfle configuration was implemented to
provide continuous tube support along the full bundle
length while guiding the shell-side slurry through a
smooth, controlled flow path. This eliminated dead
zones and enabled operation at higher shell-side
velocities without increasing mechanical risk.

Performance Outcomes:

e Shell-side pressure drop reduced by approximately
35—40%

e Tube vibration and fretting effectively eliminated

e Fouling tendency significantly reduced, enabling
long, uninterrupted operating campaigns

2.2 SCIENTIFIC ROD BAFFLE DESIGN

Scientific Design rod baffle heat exchangers are
predominantly used in ethylene oxide (EO) and
ethylene glycol (EG) units because these processes
impose exceptionally stringent thermal, hydraulic, and
safety requirements that conventional baffle designs
cannot reliably meet. EO and EG services operate under
high pressure, chemically aggressive environments,
and demand precise temperature control to maintain
reaction selectivity and prevent runaway reactions.
Even small pressure losses or temperature deviations
can adversely affect product quality and plant safety.
The rod baffle configuration used by Scientific Design
provides a smooth, continuous shell-side flow path,
which minimises pressure drop while ensuring
uniform heat transfer. This is particularly critical in
EO/EG systems where both gas-phase and liquid-
phase heat transfer occur under tightly controlled
conditions. The optimised rod spacing reduces local
velocity peaks, thereby limiting vibration, erosion, and
mechanical fatigue of tubes key concerns in high-
pressure EO/EG services.

Additionally, the rod-supported tube bundle offers
superior mechanical stability during steady-state and
cyclic operations, such as start-ups and shutdowns,
which are common in EO/EG plants. Scientific Design
has standardised and wvalidated this
configuration to comply with strict licensor process

exchanger

and safety philosophies, making it an accepted and
proven solution. As a result, rod baffle heat exchangers
are preferred in EO and EG units for their ability to
deliver low pressure drop, stable heat transfer, high
reliability, and long-term operational safety. Fig 3
shows the Scientific rod baffle bundle arrangement

o]

LR E

i

Fig 3. Scientific rod baffle bundle arrangement

ZXCHANGER XPRESS www.pecpl.com


http://www.pecpl.com/

August 2026

August 2026

2.2.1 APPLICATION CASE: SCIENTIFIC
DESIGN ROD BAFFLE HEAT
EXCHANGER IN AN ETHYLENE GLYCOL
(EG) PLANT

Process: Ethylene Glycol (EG) plant — liquid-phase heat
transfer service

Operating Conditions:

e Temperature: 90-140 °C

e Pressure: 15-25 bar

e Continuous operation with cyclic thermal loading

Process Challenges:
batfle heat

exhibited uneven shell-side flow distribution, leading

Conventional segmental exchangers
to local velocity fluctuations, tube vibration, and
fouling. Under high-pressure operating conditions,
these issues increased the risk of mechanical instability
and reduced long-term reliability. Cyclic temperature
variations further intensified thermal stresses on the
tube bundle.

Rod Baffle Solution:

A Scientific Design rod baffle heat exchanger was
implemented with an optimised rod layout to establish
a smooth and continuous shell-side flow path. The
helical support arrangement ensured uniform velocity
distribution across the tube bundle while providing
continuous mechanical restraint to the tubes, even
under cyclic operating conditions.

Performance Outcomes:

e Shell-side pressure drops reduced by approximately
45%

e Uniform flow eliminated tflow-induced tube vibration
e Stable and consistent heat transfer achieved under
cyclic thermal loads

e Maintenance intervals extended, improving overall

plant reliability and availability

Aspect

Novolen Rod
Baffle Design

Scientific
Design Rod
Baffle Design

Process Nature

Polymer slurry,
high viscosity,
high circulation
rates

High-pressure,
chemically
aggressive
gas/liquid
systems

Achieve very

Minimise low pressure
Key Design fouling and drop and
Objective vibration in precise
slurry service |temperature
control
Smooth :
RS Continuous,
longitudinal/he ;
Flow . uniform flow
i lical flow : A
Characteristics | .. . . with optimised
eliminating S s
dead zones P &
. High
Superior 5 ;
Rt mechanical
Mechanical : stability under
suppression ;
Advantage : cyclic and
and erosion
: steady
resistance :
operation

Licensor Status

Standardised
and licensed

Standardised
and validated

polymerisation
loops

by Novolen by Scientific
(now BASF) Design
Reliable long- Safet)./,.
: reliability, and
term operation | .
Reason for " licensor
Preference compliance in

EO/EG
processes

Table 1 shows the Comparison of Novolen Rod Baffle

Table 1 shows the Comparison of Novolen Rod Baffle Design & Scientific Design Rod
Baffle Design with aspects.

Design & Scientific Design Rod Baffle Design with

aspects. While both designs use the same fundamental rod
baffle principle, Novolen rod baffle exchangers are
Scientific optimised for slurry handling, fouling resistance, and
Novolen Rod : long polymerisation campaigns, whereas Scientific
Aspect ) Design Rod : ;
Baffle Design : Design rod baffle exchangers are tailored for low
Baffle Design 2 5

pressure drop, thermal precision, and safety-critical
Polypropylene |Ethylene Oxide EO/EG services. The selection is therefore driven by
Primary (PP) and (EO) and process chemistry, flow regime, and licensor

Application Polyethylene Ethylene Glycol |  philosophy, rather than mechanical design alone.

(PE) units (EG) units
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2.3 ENGINEERING AND
MANUFACTURING CONSIDERATIONS

The design and fabrication of rod baffle heat
exchangers demand stringent dimensional control and
a high level of manufacturing precision to ensure both
thermal efficiency and mechanical reliability. Material
selection is driven by operating pressure, temperature,
and corrosion severity, with austenitic stainless steels
and high-alloy materials commonly employed to
withstand demanding service conditions.

A critical aspect of manufacturing is the accurate
positioning and alignment of the support rods, as these
directly govern the intended longitudinal or helical
shell-side flow pattern. Any deviation can adversely
affect pressure drop, flow distribution, and vibration
control. Welding procedures must be carefully
controlled to avoid distortion of the shell, tube sheets,
and rod supports, which could compromise tube
alignment and support effectiveness.

Tube insertion and expansion require special attention
due to the close clearances between tubes and rod
supports. Improper handling can lead to mechanical
interference, uneven tube support, or localized stress
Additionally,

support spacing along the exchanger length is essential

concentrations. verification of tube
to prevent flow-induced vibration, fretting wear, and
long-term fatigue damage during operation.
Collectively, these engineering and manufacturing
controls play a decisive role in achieving the desired
thermal performance, ensuring mechanical integrity,
and extending the service life of rod baffle heat
exchangers under severe operating conditions.

2.4 TESTING AND QUALITY
ASSURANCE
Rod baffle heat exchangers are subjected to

comprehensive inspection and testing programs to
ensure full compliance with applicable design codes,
licensor philosophies, and customer specifications.
Quality assurance begins with detailed dimensional
verification, including confirmation of rod layout, tube
pitch, and tube support spacing, to ensure adherence
to the approved design and to maintain effective
vibration control.

Critical clearances between tubes and support rods are
measured to verify proper mechanical restraint
without interference. Hydrostatic pressure testing is
conducted to validate the pressure integrity of the
shell, tube bundle, and welded joints under design
conditions.

Non-destructive examination (NDE) techniques such
as Radiographic Testing (RT), Ultrasonic Testing (UT),
and Dye Penetrant Testing (PT) are applied to assess
weld quality and detect internal or surface defects that
could affect structural integrity. Final inspection
includes visual examination, review of fabrication
complete quality
with
international standards and project requirements.

records, and compilation of

documentation in accordance relevant
Together, these inspection and testing activities ensure
mechanical integrity, operational safety, and reliable
long-term performance of rod baffle heat exchangers in

demanding process applications.

2.5 TYPICAL APPLICATIONS OF ROD
BAFFLE HEAT EXCHANGERS

I. Polyolefin Polymerisation Units (PP & PE)

Used in loop reactors and reactor circulation systems
handling high-temperature polymer slurry with high
flow rates and continuous operation.

II. Ethylene Oxide (EO) and Ethylene Glycol (EG)
Plants

Applied in critical heat transfer services requiring low
pressure drop, precise temperature control, and high
mechanical reliability under high-pressure conditions.
III. Reactor Effluent and Recycle Gas Cooling
Services

Suitable for high-velocity gas or mixed-phase streams
where vibration control and uniform flow distribution
are essential.

IV. Fouling and High-Viscosity Process Services
Preferred for sticky, slurry, or polymer-forming fluids
where elimination of dead zones reduces fouling and

blockage.
V. High-Pressure and High-Temperature Chemical
Processes
Employed in hydrogen-rich, synthesis gas, and

aggressive chemical environments requiring stable
long-term operation.

<ZXCHANGER XPRESS www.pecpl.com
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VI. Heat Recovery and Inter-Stage Cooling
Applications

Used in waste heat recovery, inter-coolers, and
heat with
pressure drop limitations.
VII. Offshore, FPSO,

Industrial Systems

process-to-process exchangers strict

and Continuous-Duty

Selected for services exposed to vibration, space
constraints, and long operating campaigns demanding
high mechanical integrity.

3. RESULT

Rod baffle heat exchangers have demonstrated reliable
performance in both polymerisation and high-pressure
chemical services by addressing the key limitations of

baffle
polypropylene (PP) loop reactor used for slurry cooling

conventional segmental designs. In a
at operating temperatures of 180-200 °C and shell-side
velocities of 1.8-2.2 m/s, traditional segmental baffles
caused severe flow redirection, leading to tube
vibration, accelerated wear, and polymer deposition in
stagnant zones. The implementation of a helical rod
baffle configuration provided continuous tube support
and a smooth shell-side flow path, eliminating dead
zones and allowing higher operating velocities. As a
result, shell-side pressure drop was reduced by
approximately 35-40%, tube vibration and fretting
were eliminated, and fouling was significantly reduced,
enabling long, uninterrupted  polymerisation
campaigns. Similarly, in an ethylene glycol (EG) plant
operating at 90-140 °C and pressures of 15-25 bar
under cyclic thermal loading, uneven tlow distribution
in segmental baffle exchangers led to wvibration,
fouling, and mechanical instability. A Scientific Design
rod baffle exchanger with optimized rod spacing
ensured uniform velocity distribution and continuous
tube restraint. This achieved a pressure drop reduction
of about 45%, eliminated flow-induced vibration,
ensured stable heat transfer during cyclic operation,
thereby

improving overall plant reliability and availability.

and extended maintenance intervals,

4. CONCLUSION

Rod baffle heat exchangers designed according to

Novolen and Scientific Design philosophies

demonstrate superior performance compared with
Their

longitudinal or helical shell-side flow significantly

conventional segmental baffle exchangers.

reduces pressure drop, suppresses flow-induced
vibration, and minimizes fouling while maintaining
stable and efficient heat transfer. Successful operation
in polypropylene and polyethylene polymerisation
units, as well as ethylene oxide and ethylene glycol
their high

temperature, high pressure, and continuous operating

plants, confirms reliability under
conditions. Precision Equipments (Chennai) Private
Limited (PECPL) possesses comprehensive in-house
capabilities covering mechanical design, detailed
engineering, fabrication, inspection, and testing of
both Novolen and Scientific Design rod baffle heat
exchangers. With proven execution of multiple projects
in demanding services, strict adherence to licensor
requirements, and robust quality control systems,
PECPL

equipment suitable for severe, continuous, and safety-

consistently delivers reliable, long-life

critical industrial applications worldwide.
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