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Assess Heat Exchanger

Performance

A proper evaluation can determine whether a shutdown is needed

By Riyaz Papar, Hudson Technologies Company

n several occasions during plant

energy assessments, people

have asked me to calculate the
efficiency of a particular heat exchanger.
But what does that really mean? For us
mechanical and chemical engineers, de-
spite everything we studied in school, we
never discussed the energy efficiency of a
heat exchanger. How could we have missed

something that simple?

But actually, we didn’t miss it — efficiency, as
the true definition goes, is the ratio of output
divided by input. For all practical purposes,
other than a very small amount of heat loss
(probably less than 1%), heat exchanger ther-
mal efficiency is 100%. Hence, very little im-
provement is possible and so we don’t worry
about it. In fact, every time we do a heat

balance, we inherently assume the thermal

efficiency is 100% when we say the “hot side
is equal to the cold side.” | also have seen
people sometimes arbitrarily use a factor of

0.95, but | have no theoretical basis for it.

So, is there a way to assess the perfor-
mance of any heat exchanger? This really
is what the original question should have
been. Engineers can appraise heat ex-
changer performance several ways — ef-
fectiveness, UA analysis, approach, estima-
tion of fouling, comparisons with design,
etc. My intention isn’t to describe these
methods, but | would advise you to pick
up a textbook on heat transfer or heat
exchanger fundamentals and develop an
understanding for the methods to be used
in your specific applications. Other good
reference sources are articles published in

Chemical Processing. (“Keep Out of Hot
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Water,” http://g00.9l/aTal6G; “Prevent

Tube Pullout,” http://g00.gl/ofYxgH; and
“Heat Exchanger Cleaning Requires a Re-
think,” http://g900.9l/Yrv5R]j are just a few
such articles — a search on ChemicalPro-

cessing.com will reveal many more.)

Heat exchanger performance can vary, so
how do you correlate it to operating cost or
energy savings? This is a much more dif-
ficult question but extremely pertinent and
important because the answer will determine
whether a process shutdown is required for
cleaning the heat exchanger or if operation
can continue until a turnaround or a planned
shutdown. Most decisions for this come
down to operating capacity and bottlenecks.
Nevertheless, in my energy assessments,

| try to identify heat exchangers that are
operating ineffectively and then quantify the
energy and cost savings possible if those
heat exchangers were operating at proper

design levels.

Let me share a simple example: Consider a
reboiler using saturated steam as the heat
source. The typical setup involves steam
flow controlled by the process outlet tem-
perature with condensate removed by a
large steam trap. All the design conditions
are available; you can compare the operating
parameters to design to confirm the opera-
tions. However, as the heat exchanger starts
fouling, the process outlet temperature
setpoint can’t be met and the control valve

opens to let more steam into the reboiler.
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(A similar scenario exists where the pro-
cess flow changes through the reboiler, but
let’'s assume that this flow is fixed.) Open-
ing the control valve increases the shell (or
chest) pressure on the steam side. This has
the effect of increasing the saturation (or
condensing) steam temperature in the heat
exchanger. Now we have a higher driving
force and the reboiler can meet the process

setpoint. We are back in business!

As we investigate further, we find that the
condensate leaving now is at a higher tem-
perature. This means that it has a higher
enthalpy than before and that energy wasn’t
transferred to the process in the reboiler.
Hence, to maintain the heat duty of the
reboiler, we now need more steam flow. A
thermodynamic energy balance can help
calculate the extra steam needed. This steam
comes at a cost ($/klb). Now you have ev-
erything you need to complete your energy

assessment quantification.

This same analysis can be performed for the
cooling side with appropriate costs account-
ed for. | hope | have given you some ideas to
evaluate your heat exchangers and develop
a methodology to correlate heat exchanger
operation and performance with lost oppor-

tunity cost.

Riyaz Papar, PE, CEM, is director, Global Energy Ser-
vices for Hudson Technologies Company and a former
Energy Saver columnist for Chemical Processing. He can

be reached at rpapar@hudsontech.com
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With Water Jets

Automated high-pressure water jet systems provide efficient, hands-free
operation to help maintain and improve productivity and safety.

By NLB Corp.

n an industry as competitive as petro-

chemical processing, efficiency pays off

at every stage of production. Reactor
cleaning is an often-overlooked example.
In big batch or small-batch runs (which
require more frequent cleaning), high-pres-
sure water jets have been shown to reduce
downtime and operating costs while help-
ing to maintain product quality. They also
help companies comply with increasingly
stringent state and federal regulations pro-

moting worker and environmental safety.

High-pressure water jetting is a proven,
productive method for removing hardened
product build-up (e.g., chemicals, resins,
paints) from a reactor’s interior walls before
mixing a different batch. It works quickly

and is exceptionally environmentally-friend-

ly, working without any abrasives, solvents
or chemicals. This minimizes disposal steps
and their associated costs (the water can
be recovered, filtered and re-used) while
reducing the potential for damage to the

walls of the tank.

The advantages of water jetting are multi-
plied by automation, which makes cleaning
completely hands-free. Automation keeps
personnel out of confined spaces, elimi-
nates exposure to noxious fumes, noise or
temperature, and frees people to do other
jobs. It eliminates the need for special stag-
ing or personal protective equipment (PPE),
such as protective clothing and breathing
apparatus. It is also an effective solution for
reactors with openings too small to allow a

person entry.
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HOW WATER JETS WORK
Reactors, tanks and totes have
been cleaned with water jets for
many years. A specialized pump
unit provides pressurized water
(e.g., 10,000 psi to 20,000 psi)

to a 3D head with high-velocity
nozzles, and the reaction force
causes them to spin vertically
while the head rotates horizon-
tally. This generates full, 360°
coverage of the tank’s interior.
The water jets force their way un-
der hardened product build-up in
minutes (even seconds), breaking
it loose and rinsing the wall at the

same time.

How quickly can water jets clean?
One chemical company with a 25-

foot tank reduced the time need-

&

TANK CLEANING
Figure 1. While the effect of automated water jetting on

productivity is most dramatic in large tanks and reactors,
the benefits are also apparent in smaller tanks.

ed to remove a 7-in. layer of coke
from 100 hours to just 25 hours.
A user of reusable totes used water jets to
double its productivity, increasing the num-
ber of totes cleaned from 55 per day to 110.
A third company, tired of its 20,000-gal.
tank being out of service for long periods
for cleaning, slashed downtime by nearly

90% when it switched to water jetting.

While the effect of automated water jet-
ting on productivity is most dramatic in

large tanks and reactors, the benefits are
also apparent in smaller tanks (Figure 1).

One company that had been cleaning a

6,000-gal. tank with chemicals was able
to eliminate 23 hours of downtime. Anoth-
er, which was using manual water jetting
to clean a 3,000-gal. tank, saved another

10 hours by automating the process.

Downtime is just one aspect of productiv-
ity; Figure 2 shows the labor required in the
three previous examples. When the 20,000-
gal. tank was cleaned with manual water jet-
ting, it needed four people working 72 hours
each, a total of 288 hours. Automated water

jetting with a 3D head reduced this to two
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people for eight hours each. This
freed people to spend 272 hours

elsewhere in the plant.

The elimination of so many hours
can save a plant hundreds of thou-
sands of dollars a year. Automat-
ed water jetting is a cost-effective
process that typically pays for

itself in months, not years.

3D HEADS ROTATE
NOZZLES

The key to automated water jet
cleaning is the 3D head (Figure
3), which is available in a variety
of models to meet users’ specific
needs. The primary factors are wa-
ter pressure and flow: generally,
hard materials are cleaned more
efficiently with high pressures and
softer materials come off more
easily with higher flows. How-
ever, there are applications that
demand both high flow and high
pressure, and sometimes even

higher-than-usual horsepower.

NLB’s Torrent 50 head, for ex-
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Figure 2. A 20,000-gal. tank with manual water jetting re-
quires 4 people working 72 hrs each. Automated water jet-
ting with a 3D head reduces this to 2 people for 8 hrs each.

3D HEAD

Figure 3. A 3D head like this ones rotates the nozzles and
typically is made of corrosion-resistant materials.

ample, is rated at up to 20,000 psi at 600 that will resist corrosion, whether from the
hp, with flow to 50 gpm. The larger Torrent water or the product stored in the reac-
200 has the same pressure rating with flow tor. Stainless steel commonly is used. A

as high as 200 gpm at 2,300 hp.

good head should also have seals that will

operate for hundreds of hours and can be

Whatever the pressure and flow, a 3D quickly and easily replaced when the time

head should be made of a rugged material comes.
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DIESEL PUMP
Figure 4. This diesel-powered engine and pump system follows Tier 4F standards to ro emissions of
nitrogen oxides and particulate matter.

Some heads feature adjustable rotation
speeds: for example, 3,000 psi to 10,000 psi
or 5,000 psi to 20,000 psi. (Speeds are rated
by pressure because it is the force of the wa-
ter that drives the nozzles.) Carbide orifices
can be fitted to the nozzles to improve the
cohesiveness of the water jets. Another op-
tion is interchangeable nozzle arms of differ-
ent sizes and configurations, to handle differ-
ent applications. In large reactors, extensions
may be attached to these arms to position
the nozzles closer to the surfaces they are

cleaning and stabilize the water flow.

POSITIONING SYSTEMS

For large vessels, or in areas where the over-

head height is limited, the 3D head is usu-

ally positioned with a telescoping lance. (A
large reactor may require several lances and
heads.) This lance is permanently attached at
the opening of the vessel and pneumatically,
hydraulically or electrically extended and re-
tracted. This operation is fully programmable
and often is integrated with the plant’s mix-

ing and cleaning controls system.

In contrast, lances used in manual water jet
cleaning are brought to the tank on a cart,
raised into position, and extended/retracted
with hand wheels. When cleaning small
tanks or horizontal tanks (e.g., blow-down
tanks, stripping columns, hopper cars), a
swivel socket lance can be mounted to the

manway and maneuvered manually.
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Like 3D heads, lances should be matched
to the reactor and the product(s) being
cleaned. For most applications, they should
be made of durable, corrosion-resistant ma-
terials, like stainless steel. However, where
maneuverability is more important than
corrosion resistance — around baffles or
mixers, for example — aluminum lances can

offer significant weight savings.

HIGH-PRESSURE PUMP UNITS

A high-pressure pump is the final element
in a reactor cleaning system. Specially
designed to generate the required water
pressure and flow, these pumps have the
same goals as the overall system: produc-
tivity, safety and environmental responsibil-
ity. Pump manufacturers offer a wide range
of models, often convertible to different
pressures should job requirements change.
Pumps used in permanent, automated sys-
tems are usually electric-powered and con-
nected to the plant’s power supply. Those
used by contractors who are hired to clean
tanks are typically diesel-powered and

brought to the plant on trailers (Figure 4).

In recent years, the U.S. Environmental Pro-
tection Agency has tightened the emissions
standards on these and other diesel engines
in an effort to achieve near-zero emissions
of pollutants. The regulations that took ef-
fect in early 2015 — known as Tier 4F — are
the most stringent yet, as they limit emis-
sions of nitrogen oxides (NO ) and particu-
late matter (PM) to just 10% and 5%, re-
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HEAT EXCHANGER CLEANING

Figure 5. Automated, high-pressure water jet
systems can help maintain heat exchanger
efficiency by blasting hard, process-related
deposits off the inside and outside of tube
bundiles.

spectively, of the previous levels. Although
compliance with these standards is not yet
mandatory everywhere, Tier 4F certification
already is required in California and increas-
ingly is included in bid specifications and

permits in other states and localities.

NOT JUST FOR REACTOR
CLEANING

The advantages of automated, high-pres-
sure water jet systems in tank and reactor
cleaning make them suitable for other pet-
rochemical applications as well. For exam-
ple, they can help maintain heat exchanger
efficiency by blasting hard, process-related
deposits off the inside and outside of tube
bundles (Figure 5). Regular removal of this
build-up restores the system’s capacity for

heat transfer and helps keep down operat-
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ing costs. Water jet systems are widely used
for cleaning both the tube side (interior)
and shellside (exterior) of heat exchanger
tube bundles. Shellside systems are usually
fully automated robotic systems, while tube
lancers may be fully automated or semi-
automated. Typical operating pressures are
10,000 psi and 20,000 psi.

A high-pressure water jet tube clean-

ing system generally has a small nozzle
on the end of a rigid tube (for straight
line cleaning) or a small flexible hose (for
tubes with bends). High-pressure water
from a pump unit is fed through the tube
or hose and exits the nozzle at an appro-
priate flow and pressure to remove even
the hardest residues, rust and scale. This
waste material is flushed out of the tubes
and rinsed away. Through it all, the sys-
tem operator stays well clear of the high-

pressure water and debris.

Users of semi-automated tube lancing
systems have reported cleaning tubes 75%
faster than with manual water jetting, al-
though the rate depends on the size of the
tube bundle and the material being cleaned
out. Fully-automated systems can clean

them 90% faster than manual methods.

SUMMARY

In the past several decades, petrochemical
companies around the world have improved
their cleaning efficiency with automated

high-pressure water jetting systems. These
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systems make the companies more produc-
tive — and thus more competitive — and en-
hance the safety of their employees and the
environment. Operations managers seeking
to upgrade their current cleaning processes
should consider all the advantages of auto-

mated water jetting:

e thorough cleaning (even hard-to-reach
areas)

* hands-free operation

* reduced downtime

* higher productivity

* personnel stay out of confined spaces

e compliance with safety and environmental

regulations

simplified disposal
e can be integrated into plant systems (e.g.,
clean-in-place)

* a reasonable payback period

While water jet systems can be tailored to a
plant’s specific needs, many users find that
standard equipment delivers all the efficien-
cy, reliability and hands-free operation they
need. These systems not only allow compa-
nies to maintain (and improve) high levels
of productivity and safety — but help them

keep up with changing market demands.

NLB CORPORATION is a global manufacturer and pro-
vider of water jetting pumps, systems and accessories
for a variety of industries. Headquartered in Wixom,
Mich., NLB has sales and service offices throughout the
United States and in Poland. For more information, visit

www.nlbcorp.com.
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IMPROVED

3-D SPRAY PATTERN

CLEANS FASTER.

——

NLB TORRENT 200 AND TORRENT 50.

LB’s Torrent™ 3D tank cleaning heads optimize the
N pattern of our powerful rotating water jets (rated

to 20,000 psi) for better coverage than ever. The
Torrent 200 works up to 200 gpm with 2,300 hp. The
Torrent 50 works up to 50 gpm with 600 hp, and is small
enough to fit through a 6” opening.

Both feature adjustable rotation speeds, easy-to-replace
seals that last hundreds of hours, and nozzle arms to suit
your needs.

Want to see more?
To watch a Torrent 3-D demo, visit the resource section of
our website or call 800-441-5059.

I NLB Corp.

LEADING WATER JET TECHNOLOGY™

us (800) 227-7652
Intl.  +(248) 624-5555
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