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he topic of carrying out process
engineering calculations in the
most effective manner can be
considered in these four ways:

1. The purpose of the calculation

2. The content of the calculation

3. The method used to carry out the

calculation
4. The performer of the calculation

The purpose of the calculation
Engineers typically carry out cal-
culations for a variety of purposes
including the following:

a) To conduct a technical or eco-
nomical evaluation of a plant or
specific unit (such as a heat and
material balance), to carry out
evaluations in the early stages of
the project, or for use while writ-
ing studies or technical memos
for stakeholders

b) To size, rate or specify a piece of
equipment

¢) To generate a specific operational
procedure

Sizing, rating, and specifying are

three distinctly different goals of

calculation efforts. Process sizing
means defining all the (process) as-
pects of the equipment, so that the
manufacturer can produce it with
little process knowledge. Sizing ef-
forts typically involve calculations
that aim to identify all the un-
knowns associated with one equip-
ment component, to enable the fab-
ricator to produce that component.
By contrast, when specifying an
equipment component or instru-
ment system, the engineer must de-
fine a specific amount of information
for the manufacturer, and can then
expect the manufacturer to satisfy
those requirements. For example,

when an engineer plans to buy a

pressure safety valve (PSV), he or
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she specifies the required setpoint
of the PSV, the release rate and a
few other items. This effort does
not require the engineer to design a
PSV by sizing the orifice diameter,
spring constant and so on.

It is clear that no process engineer
designs a centrifugal pump just by
calculating the impleller diameter
and vane angles. Today, process en-
gineers can expect that the manu-
facturer will provide much detailed
information to support the process
of designing and specifying process
equipment. As a result, there is very
little “pure designing” in today’s
specialized market; rather, there
is always an element of specifying
involved when carrying out sizing
calculations.

While specifying and sizing are
concepts related to equipment or
instruments that are planned to be
procured later, rating is an activity
that involves calculations associ-
ated with existing equipment com-
ponents. During rating, the ques-
tion that the engineer is trying to
answer is whether an existing com-
ponent can be used in a specific new
application or not. Rating efforts
require evaluating current equip-
ment for a specific type of service
and conditions.

The content of the calculation
Calculations involve the following
three steps:
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e Step 1 requires identifying suit-
able input values (assumptions)

e Step 2 involves choosing and using
an appropriate methodology —
one that uses the parameters es-
tablished in Step 1 — to arrive at
an answer that has the required
accuracy in the available time slot

e Step 3 involves the evaluation
and verification of assumptions
and results

Step 1. Identifying suitable

input values (assumptions). Ju-

nior engineers tend to struggle with
this step. Too often in the university
setting, the instructor provides the

“givenvalues,”whereas in real-world

situations, it is up to the engineer to

determine which input values and
assumptions are relevant. This ef-
fort requires three sub-steps:

1. Find effective parameters. Engi-

neers need to find the parameters

that will impact the results they are
seeking. For example, within a spe-
cific issue, there could be three pa-
rameters M, N and P. In this step,
these three parameters need to be
evaluated in order to recognize the
ones that are most relevant to the
problem at hand. At this stage, the
engineer should be able to evaluate
the three parameters of M, N, and

P to determine that, for example, M

and P are the only required param-

eters (or the most relevant param-
eters) and these will be considered
further in Step 2. Or with the level
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of required accuracy, perhaps only
M will be considered in Step 2.

2. Select a numerical design value.
In this step, a numerical value needs
to be assigned or determined for the
selected parameter(s) identified in
the previous step. The magnitude
of the design or rated parameter is
that number (or range) that covers
all the different scenarios that could
be encountered during the operation
of the plant, plus a reasonable mar-
gin. For example, M j,4;g,= 6 could
be a wise decision when parameter
M can accept magnitudes of 2.0, 3.5
and 5 during plant operation.

Trial-and-error efforts, which
typically require an educated guess
at the beginning and some adjust-
ments made along the way based
on final results, are often required.
Certain rules-of-thumb can help
engineers to make a better pre-
liminary guess, and this can help
to decrease the calculation time.
The reason for this iterative route
is that each methodology has some
limitations, and at the end of the
first run of calculations, any limi-
tations should be checked to make
sure they have been met.
Step 2. Choosing the right meth-
odology. This step is very impor-
tant.The selected methodology must
be accurate and at the same time,
the required engineering time for
that method should be justifiable. A
skilled process engineer should be
able to identify calculation method-
ologies for each situation that meet
the specific accuracy and time re-
quirements or constraints.

For example, during pipe sizing,
an engineer should be aware of the
standard pipe sizes that are already
available on the market. Designing
a given pipe that is sized to, for in-
stance, two decimal points, does not
make sense, as the market already
provides defined pipe sizes.

Meanwhile, in some cases, one sce-
nario can be “converted” to another
case, to enable the use of a simpler
version of the methodology and
shorten the calculation time. Such
a “conversion” effort is only accept-
able if this new scenario is the more
conservative approach. However, in
some cases, the more simplistic and

require the use of specific software. With hand-done calculations (as opposed to those car-

ried out using a spreadsheet program), a clear disadvantage is that any adjustments will
require all of the subsequent steps to be re-done (That is, there is no way to link equations so
that they will be automatically updated if a given parameter is changed).

By comparison, spreadsheet programs, such as Microsoft Excel or an equivalent data pro-
cessor, are designed so that any changes will result in the computer adjusting all subsequent
steps automatically. The disadvantage to this is that the calculation process is not always vis-
ible, as some formulas may be buried within a cell. To maximize the advantages and minimize

Some companies accept calculations that are done by hand, while others will utilize or even

the disadvantages of a spreadsheet program, the following steps should be taken:

conservative approach may be too
conservative in a way that makes
it unacceptable. In such cases, the
original — albeit more complicated
— route must be taken. This may
occur in situations in which the
worst-case scenario has led to ex-
traordinarily oversized equipment
or equipment that is overly difficult
or costly to construct.

Discussed below are some of the
popular simplifying conversions
that are widely used today:

1. The thermodynamic approach
versus the kinetic approach. Most
often, the thermodynamic approach
is selected due to its well-estab-
lished methods and its popularity in
terms of published works and data.
For example, finding the evapora-
tion rate from a surface of a liquid is
challenging. It depends on different
parameters and requires the con-
sideration of various phenomena
including heat transfer and mass
transfer. However, by changing the
approach from kinetic (in which
the evaporation rate is calculated)
to thermodynamic (in which only
the saturated pressure of the vapor
above the liquid surface is calcu-
lated), the effort will be simplified.
2. Assuming steady-state vs. un-
steady-state conditions. Most often,
the steady state is selected, thanks
to its well-established methods and
simplicity of its calculation using
inexpensive software or even a
spreadsheet progra. For example,
analyzing PSV opening phenomena
is not an easy task as it is inher-
ently an unsteady-state operation-
However, during PSV sizing, we
often pick the largest flowrate that
is considered a steady-state case for
a mere few milliseconds during the
opening of the PSV.

Step 3. Verifying assumptions
and results. This is not merely the
end of the task, but is a very crucial
step, the results of which may call
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for a second run-through or recon-
sideration of Steps 1 and 2.

As mentioned, the design process
might need some iteration to reach
the most appropriate results. For
example, if the calculation is sizing
or specifying, it will result in one of
the following three conditions:

1. A case involving an extremely
inexpensive or small piece of equip-
ment. In this case, the equipment
often cannot be custom-made but
must be selected off-the-shelf. As a
result, the final piece of equipment
may not be exactly what is required
via the calculations, and adjust-
ments may be required to mate the
piece into the overall configuration.
For this reason, it may be efficient to
have the specifications of standard-
ized (off-the-shelf) equipment on
hand throughout the course of the
calculations, so that adjustments
can be made as the calculations are
being constructed.

2. A case involving moderately sized
or moderately complex equipment.
In this case, the equipment will typ-
ically be custom made in the shop.
It is important to keep in mind
the dimension limits of the shop
in question. If the item is too large,
it will have to be fabricated in the
field, and the price will be consider-
ably higher. In an illustrative case, a
careless designer may design a tank
with diameter half a meter above
the limits of the shop, and therefore
unnecessarily cause a price jump
because the tank suddenly changes
from a shop-fabricated item to a
field-fabricated one. Shop limita-
tions are imposed not just by the
machinery-manufacturing  limits
in the shop, but by the road restric-
tions or overpass weight limits that
will affect the transportation of the
equipment to its final destination.
3. A case involving a large piece of
equipment. In this case, the equip-
ment will typically be custom
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. Ensure that all of the calculations are interconnected in such a way that altering the inputs will
alter the results accordingly. Take care in this effort, as any disconnections may be disastrous,
because adjustments to the input will not result in appropriate alteration to the output.

2. Ensure that all manual input is visible and clearly marked to give the designer the flex-

ibility to alter it. Any hidden manual input may not be recognized by a new designer as a

potentially adjustable value. for water treatment); PSV sizing
3. Ensure that new users do not disable any pre-existing macros in the program. (performing the first stens of PSV
4. Ensure that iteration calculations are enabled where required. pertormi lgd' 11 fini b
5. Ensure that the calculations are legible both on the computer and in print. Sizing inciuding detining pressur-
6. Ensure that when the flexibility of adding a new row or column is provided in a template, izing scenarios, finding the credible

and governing scenario(s) and re-

all of the information is transferable. Such flexibility exists in some modular pump-sizing
a

spreadsheets.

made in the field at a higher cost.
This high cost is due to the fact
that skilled workers and various
required utilities will need to be
shipped and present at the field in
order to construct the larger compo-
nents. As a result, this case is often
used as a last resort.

The performer of the

calculation

Generally speaking, each group of
process engineers is expected to be
able to carry out specific types of
calculations, based on this rough
classification:

Junior/intermediate design pro-

cess engineers: Sizing of tanks and
vessels; hydraulic calculations for
pumps, compressors and control
valves;sizing ofheat exchangers;and
PSV sizing after receiving release
rates from an intermediate or se-
nior engineer

Intermediate/senior design pro-
cess engineers: All of the above
items, in multi-phase cases (that
is, two-phase flow for pipe sizing);
separators (two- and three-phase
separators, gas-knockout drums,
sedimentation vessels, clarifiers);
other industry-specific items (such
as distillation towers for petroleum
refining, and ion-exchange systems

lease rate calculation)

Senior design process engineers: Re-

actors, especially complicated ones,

and industry-specific equipment. B
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PLASTIC CONTROL VALVES FOR
ALL YOUR CORROSIVE APPLICATIONS

Collins plastic control valves are
highly responsive control valves
designed for use with corrosive
media and/or corrosive atmos-
pheres.

Collins valves feature all-plastic
construction with bodies in PVDF,
PP, PVC and Halar in various body
styles from 1/2" - 2" with Globe,
Angle or Corner configurations and
many trim sizes and materials.
Valves may be furnished without
positioner for ON-OFF applications.

Call for more information on our
plastic control valves.

OLLINS
NSTRUMENT

COMPANY, INC.

P.O. Box 938 » Angleton, TX 77516
Tel. (979) 849-8266 » www.collinsinst.com

Circle 14 on p. 68 or go to adlinks.che.com/45779-14
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