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Introduction 
The following material contained in this text was written with the intent to 

guide and assist the student in obtaining the maximum educational benefit from 
the Fundamentals of Engineering Design course and the Chemical Engineering 
Laboratory module. 

 
Students are encouraged to make use of various electronic computational 
facilities available on campus as well as small programmable calculators and 
minicomputers. This will enable the student to reap two additional benefits: 
  
      1.   Reduce calculation time required for the data analysis in the report 

2. Broaden student capability by enabling on-line data reduction, 
immediate data analysis, and more intelligent determination of the 
following process test conditions. 

The purpose of any of our chemical engineering laboratory courses is to 
serve several important functions in a student's program of development that 
reflect clearly expectations of abilities of a technical professional. Among the 
most important are: 

 
1. To teach students to communicate results obtained from 

experimentation through a written document in a clear and concise 
fashion 

2. To put theory into practice in a realistic sense, through a set of 
instructions, which will require independent logical thinking (the intent 
here is to compare the idealistic (theoretical) teachings in the classroom 
with the real-world operations (experimental equipment) and to realize 
the limitations of each) 

3. To acquaint the student with the availability and use of published data and 
the various sources for obtaining these references 

4. To illustrate the difficulties associated with leadership and group effort 
approaches in solving particular problems. In essence, these 
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difficulties include the complexities of people working together and 
contributing to a common goal 

 

5. To teach students how to prepare and present an industrial seminar.  
 WRITTEN AND ORAL COMMUNICATION WILL LARGELY 
DETERMINE IN AN INDUSTRIAL ENVIRONMENT WHAT 
MANAGEMENT THINKS ABOUT YOUR EFFORTS AND WILL 
THEREFORE BE THE PRIMARY INFLUENCE IN YOUR 
PROMOTION, ADVANCEMENT, AND CONSEQUENTLY YOUR 
EARNINGS. 

The overall objective is to improve the students' capabilities in these 
areas and thereby increase their professional competence. It is expected that 
students will perform and develop in laboratory courses with the same attitude 
and goals as in theory-oriented courses. 

In summary, the student's goals should be: 
 

1. To relate the laboratory experiments to theory courses and reinforce the 
principles learned in the classroom 

 

2. To obtain practice and develop an interest in planning an 
experimental test 

 

3. To obtain practice in interacting with the experiment and with other 
personnel involved in the group effort 

 

4. To develop a proficient style in technical communication, both written 
and oral 

 

5. To develop an appreciation of the open ended type of problems in research 
and design and the multiple paths available in the problem solution. 

 
This laboratory is an important first step in an individual's career as an 

engineering student and assists in bridging the span between high school and 
college material.  
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FED Laboratories 

The FED laboratory and its associated apparatus are utilized to introduce 
the students to the concepts of measurements and subsequent data analysis. It 
undertakes a "hands-on" experimental approach in teaching and learning. The 
experiments undertaken are in the areas of Momentum Transport, fluid flow and 
its measurement, and Energy Transport, temperature and heat changes. 
Associated with the operation of the apparatus to obtain data is also the analysis 
of the data in attempting to rationalize its meaning in the light of theoretical 
considerations as well as attempting to explain the "goodness" of the 
measurements. 

 The core of the experiments will be some device, an instrument, 
which will measure a property of interest in a particular process stream 
parameter. These measurements are important to establish the envelope that 
contains the process variables. As an example: suppose in a process, take a 
steam plant, a process discharge stream has a high temperature associated 
with it, so that it can not be discharged as vapor into the atmosphere or as a 
liquid into a stream because of adverse environmental impact. We would 
want to measure the quantity generated, fluid flow, and its energy content, 
with temperature measurement. If possible we would examine our process 
with two goals in mind: 
 
  a) Pollution Prevention 
  b) Pollution Abatement 
 
In the case of b) we would be looking at end of pipe treatment which essentially 
gives us no use of the stream and its properties but allows for disposal. This 
choice in today's industrial environment is not preferred. For case a) we would 
examine the process with intent of process modification to minimize or 
eliminate the stream or incorporate a process reuse or recycle step into the 
system. No matter which we use we would need to have measurement data 
followed by analysis. 

Each of the experiments undertaken will require the student team to 
share responsibilities of data recording and analysis, report writing and for the 
experiment, an oral presentation. 



 

In addition to the technical problems involving measurements and the 
analysis of the resulting data, students today must become aware of pollution 
prevention. In October 1990, the new regulatory agenda was highlighted by 
the Pollution Prevention Act of 1990. President Bush stated, 

"Environmental programs that focus on the end of the pipe or 
the top of the stack, on cleaning up after the damage is done, are no 
longer adequate. We need new policies, technologies and processes 
that prevent or minimize pollution -- that stop it from being created 
in the first place."(1) 

 
The emphasis had changed from pollution abatement to pollution 

prevention. Thus, the old proverb that we all learned as children, 
 

"an ounce of prevention is worth a pound of cure" 
 
was being re-emphasized. 
 

Engineering students, therefore, must begin their studies with pollution 
prevention and waste minimization consciousness being equal to the technical 
aspects of their education. Pollution prevention must be stressed throughout their 
studies. Thus, a mindset on pollution prevention will be developed by the students 
which can be taken with them to their jobs at graduation and can be taken with 
them into their personal lives and thinking. This Fundamentals of Engineering 
Design course is one point where developing this mindset will begin at our 
Institute. 
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Part I 

Some Basic Concepts 

For Measurements 

and the Analysis of 

Measured Data 



 

I. Basic Concepts of Measurements 

Experimental methods and measurements require a basic 

terminology, definition of terms, and measurement instruments (2). 

A. Instruments 
Measurements are made with instruments that range 

from simple to more complex. Examples are: 

• Meter stick 

• Ammeter 

• Gas chromatograph and recorder 
 
B. Terminology and Definition of terms 

In working with these instruments a terminology has 
developed and these terms have been precisely defined. Some 
of the more important terms are discussed. These are: 

1. Readability 

2. Least count 

3. Sensitivity 

4. Hysteresis 

5. Accuracy 

6. Precision 

7. Calibration 
 
 

1. Readability 
This term indicates to the experimenter the 

closeness to which the scale of the instrument may be 
read. 

 

Example: 
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A 12-inch scale has a higher readability than a 6-
inch scale with same range for the measurement. 
Reading 0-12 amps on a 12-inch scale is better than 
reading 0-12 amps on a 6-inch scale. 

2. Least count . 
This term represents the smallest difference 

between two indications that can be detected on the 
instrument scale. 
Example: 

 
1 millimeter on a meter stick 

 
0.1 amps on an ammeter with a 12-inch scale 

 
Both readability and least count depend on: 

 
• scale length 
• spacing of graduations 
• size of pointer or pen 
• parallax effects (the apparent change in 
the position of an object (pointer) resulting 
from the change in direction or position 
from which it was viewed) 

 
3. Sensitivity 

This term refers to the ratio of linear movement of 
the pointer (pen) on an analog instrument to the change in 
measured variable causing the motion. 
Example: 

 

One millivolt (mV) with a 25 centimeter scale on an 
analog instrument 
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Hysteresis is caused by: 
 
 

• mechanical friction 
• magnetic effects 
• elastic deformation 
• thermal effects 

For digital instruments - the manufacturers specify 
sensitivity for a certain scale setting. 

4. Hysteresis 
Some instruments are dependent upon the 

direction that is used. - For example, one can measure 
voltage either in the increasing direction or in the 
decreasing direction. 

An instrument will show hysteresis if there is a 
difference in reading depending upon if you are moving up 
scale or down scale 



 

 

 

5. Accuracy 
The term accuracy of an instrument indicates the 

deviation (error) of the reading from a known input, 
expressed as a percent of full scale reading. 

6. Precision 
Precision differs from accuracy in that this term 

indicates the ability of an instrument to reproduce a 
certain reading with a given accuracy. 
Example: 

Consider voltmeter readings for a known voltage of 
1000 Volts (1000 V). Repeated readings give the following 
data: 

Reading  Volts 
 1  1010 
 2  1020 
 3  990 
 4  980 
 5  1005 
  Average =  1001 V 
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The precision is the maximum deviation from the mean 

reading. Hence, deviations from the mean are: 
 

1020 - 1001 = +19 
 

1010 - 1001 = +9 
 

1005 - 1001 = +4 
 

990 - 1001 = -11 
980 - 1001 = -21 

Calibration improves the dependability of instruments. 

7. Calibration 
Calibration establishes the accuracy of an 

instrument. It is wise to check the manufacturer's 
specifications and calibrations. 

 
Example: 

A manufacturer can state that a 100 percent scale reading 

on a flowmeter  (rotameter) is equal to 20 gallons per minute of 

liquid. The calibration curve may also be given with the 
instrument covering the entire range of 10-100 percent. These 

must be checked. 
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Calibrations compare the instrument with a known 
standard. There are three standards that can be used in this 
case. These are: 

1) Primary standard 
 

Calibrate flowmeter by comparing it with a 
standard flow measurement facility at the 
National Bureau of Standards. 

 
 
2) Secondary standard 

A secondary standard has a higher accuracy than 
the available instrument to be calibrated. In this 
case, one can compare the available flowmeter 
with another flowmeter of known accuracy. 

 
 
3) A known input source as a standard 

In this case, the flowmeter can be set at a fixed 
reading and the outflow is collected and measured 
over a known period of time. Thus, at 100 percent 
reading, 166.8 pounds of water (H,7O) are 
collected in one minute. 

= 20 gallons per minute 
= 20 gpm 
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II. Standards, Units, and Dimensions 

Standards, units and dimensions are important aspects of 
measurements. Standards are needed and have been established to enable 
experimenters to compare the results of their experiments on a consistent 
basis. 

A dimension is a physical variable used to describe the nature of 
the system. For example, the length of a piece of wood is a dimension. 
The temperature of a gas is its thermodynamic dimension. 

Units are the quantities by which the dimension is measured. For 
example, it may be stated that the piece of wood is 1 meter in length, or 
39.37 inches in length. The meter and the inches are the units of the 
dimension length. The temperature can be 100 degrees Celsius (100°C) or 
212 degrees Fahrenheit (212°F). The dimension is temperature and the 
units are Celsius or Fahrenheit. There are two systems of units. The old 
English system of units is still widely used in the United States but most 
of the world is on the SI system of units (Systeme International d'Unites). 

A. Standards 
For measurements to be meaningful, there must exist 

accepted standards for comparison. 
 
 

1. Standard units have been established for: 
 

• mass 
• length 

 
• time 

 
• temperature 
• electrical quantities 

 
 

 The National Bureau of Standards has the primary 
responsibility in the U.S.A. and, the National Physical 
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Laboratory has the primary responsibility in the United 
Kingdom. The United Nations has become involved to 
develop standards to allow for measurement comparison 
regardless of where in the world the measurement was made. 

2. Some Standards 
Standards are accepted by agreement and the 

conversions from one system of units to another is 
established by law. For example, the standard meter is the 
length of a platinum-iridium bar maintained at very accurate 
conditions at the International Bureau of Weights and 
Measures at Sevres, France. The kilogram is the mass of a 
similar quantity of platinum-iridium kept at the same place. 

Conversions are: 
a) Mass 

 
1 pound mass = 453.5924277 grams 

b) Length 
 

1 meter (defined at the General Conference on 
 Weights Measures 1960) 
1 meter  = 1,650,763.73 wavelengths in a 
   vacuum of the orange-red line 
   in the spectrum of a Krypton - 
   86 lamp - Changed in 1982 to 
   the distance that light travels 
   in 1/299,792,548ths of a 
   second. 
1 inch  = 2.54 centimeters 
100 centimeters = 1 meter 
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c) Time 
 

Standard units of time are measured 
from known frequencies of 
oscillations of a 

• pendulum 
  

• Torsional vibrational system 
 

• Tuning fork 
 

• 60 -Hz (Hertz) time voltage 

Solar day - time interval that sun passes a 
known meridian on the earth. 

Solar year - time required for earth to make 
one complete revolution around 
sun. The mean solar year is 365 
days 5 hours 48 minutes 48 
seconds 

 
In October 1967, at the Thirteenth General 

Conference on Weights and 
Measures, the 

Second is defined by the duration of 
9,192,631,770 periods of the 
radiation corresponding to the 
transition between two hyperfine 
levels of the states of Cesium –135 
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(2) Absolute temperature 
In 1854, Lord Kelvin proposed an 

absolute temperature scale or thermodynamic 
scale. Thermodynamically, Lord Kelvin 
defined absolute zero as the temperature when 
all molecular motion ceases. This absolute 
zero was equivalent to: 

d) Temperature 
Temperature is measured in units of degrees 

Celsius (C) in the SI system and in degrees Fahrenheit 
(F) in the English system. These scales are both based 
upon the height of a column of mercury at the boiling 
point of water at sea level and 760 millimeters of 
mercury pressure (mmHg), and the freezing point of 
water at the same conditions. Thus, 



 

 

 

The quantities are the: 
 

Volt 
Ampere 
Ohm 
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(1) Volt 
The unit volt was named after 

Alexandro Volta, an Italian physicist (1745 - 
1827). It is based upon the work done by a 
charge moving between two points which 
have a known potential drop between them. 
Thus, this potential drop is the voltage, V, 
and the charge, Q, is doing work, W. 
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The coulomb was named after 
Charles A. Coulomb, a French physicist 
(1736 - 1806). 

 
When electrons flow there is a current 

which is the time rate of flow of the electric 
charge. The unit of this flow is the transfer of 
one coulomb of charge past a point in one 
second. This unit of flow is called the ampere 
(amp) and 

The ampere, I, was named after Andre 
M. Ampere, a French scientist (1775 - 1836). 

Hence, it is easier to use current than to 
use charge and 

W= E Q 
 work= voltage x charge 

and  Q=I t 
 charge = current x time 

W=E I t=N•m 

The unit of power, the watt, was 
names' after the Scottish engineer, James 
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Watt (1736 - 1819) who developed the 
steam engine 
 

(3) Resistance 
All flow depends upon a driving force 

and a resistance. In electrical flow, the 
resistance is called the ohm, named after Georg 
S. Ohm, a German physicist (1787 1854). 

In metallic currents, current (I) was 
found to be proportional to the voltage, or 
potential difference, E. Thus 

 
 

I~E 
I = kXE 

 
k = proportionality constant 

Thus, if the proportionality constant, k, 
was defined as 

The ohm is a resistance across which 
there is a voltage drop of 1 volt when the 
flow of current is 1 amp. 
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3. International System of Units (4) 
 

The Systeme International d' Unites, SL was established by 
the Eleventh General Conference on Weights and 
Measures. 

a) Basic SI Units 
The basic SI units are: 

•  mass - kilogram kg 

•  length - meter m 

•  time - second  s 

•  amount of substance, mole mol 

• thermodynamic temperature,       K 

• electric current, ampere A 

• luminous intensity, candela  cd 

b) Standard multiples and sub - multiples 
Standard multiples and sub-multiples are 

usually given in tables using prefixes. For example, 
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4. Dimensions 
As was previously mentioned, dimensions are different 

from units 
 

A dimension is a physical variable that is used to specify 
some characteristic of a system. Hence, 

• mass, 
• temperature, 
• and length 
are dimensions. 
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III. Conversion of Units 

A. Basic units (4) 

  The basic units are: 

 • mass,  kg kilogram 

 • time,  s second 

 • length,  m meter 

 • temperature, C Celsius 

 • amount of substance, mol mole 

 • electrical current, amp  ampere 

C. Rules for Significant Figures (5) 
 

1. All non - zero digits are significant 
 

Example: 

5.34 cm = 3 significant figures 

4.293 cm = 4 significant figures 
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2. Zeros between non - zero digits are significant 

Example: 

106 g = 3 significant figures 

1. 02 g = 3 significant figures 

3. Zeros beyond the decimal point at the end of a 
number are significant 
Example: 

8.00 ml = 3 significant figures 

8.020 ml = 4 significant figures 

4. Zeros proceeding the first non - zero digit are 
not significant 

5. When multiplying or dividing, the answer will have 
as many significant figures as the smallest number 
of significant figures used for the calculation 

 
Example: 
 
 Concentration of Reaction Product in an Air 
Stream Available for Recovery  
 
moles = 2.540 mol 

 volume = 375.00 ml 
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Since the numerator (2.540) has 4 significant figures and 

the denominator (375.00) has 5 significant figures, the 

6. When adding or subtracting, the number of 
digits beyond the decimal point in the result is 
the same as the least quantity of digits beyond 
the decimal point in the numbers being added 
or subtracted. 

Example: 
 

The weight of a mixture of various chemical components in a 
fixed sample of a slurry that is processed to avoid pollution 
before it is discharged into a stream 

Apply rules: 

Total weight = 257 g 
The least quantity of digits that can exist beyond the 

decimal is determined by the weight of water '256 g), hence 
the answer is 257 g. 



 

 

 

 

 

7. Exact numbers are not considered in 
calculations 
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e). Typical source emission standards for the 
 concentration of particulates discharging 
 from an incinerator stack flow stream are 
 given as 0.08 grains per standard cubic 
 feet. 

Convert this concentration to grams per 
liter. 



 

 

IV. Concepts for Correlation and Dimensional 
                    Analysis 
 

A. Various types of mathematical correlations 
 

1. Linear graphs 
 For a linear equation of the form y = mx + b, 

 
m = slope 
 b = intercept. 

 
Hence, on arithmetic or rectangular coordinate graph paper, the 
ordinate would be y and the abscissa would be x. The slope, m, 
and the y-intercept, b, could be calculated by taking two points 
on the line. 

intercept = b , when x = 0 
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2. Semilogarithmic graphs 
 

A semilogarithmic relationship involves the 
mathematical constant, e, which is the natural base of 
logarithms. The value of a is 2.71828. 

The In y can be plotted versus x on arithmetic or 
rectangular coordinates. An alternate is to graph the 
actual value of y versus x on semilogarithmic graph 
paper. 
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The In y can be plotted versus the In x on arithmetic 
or rectangular coordinates or the alternative of using 
logarithmic graph paper and plotting the actual values of y 
and x can be used. 
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Plot a graph of In a versus w on rectangular graph 
paper, or a versus w on semilogarithmic graph 
paper. 
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In all cases, the process of linearization of the 
mathematical function followed by determination of 
the slope and the intercept is the key to solving the 
problem. 

The natural logarithm is to the base e. However 
the logarithm to the base 10 is often used. The general 
relationship is: 

where a and b are the bases of the logarithms. If a = e 
and b = 10 then the equation becomes 
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B. Dimensional Analysis 
 

1. Dimensionless groups or, more appropriately, 
unitless groups are used frequently in chemical 
engineering correlations. They are numbers 
which result in generalized correlations that can 
be used more extensively to cover many 
situations. Dimensionless groups are a 
multiplicative combination of variables that 

result in unitless quantities. 
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2. Dimensionless (unitless) groups can be 

correlated to give a generalized correlation. 
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C. Homework Problems 
 

1. In a certain process, a process waste stream 

containing recoverable product exists and must 

be treated prior to disposal. The following data 

are collected. 
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2. In a certain chemical process an air pollutant can 
be transformed into a valuable product by a 
reaction at a high temperature. The specific rate at 
which the reaction proceeds is given by the 
equation 

3. Calculate the Reynolds number in a pipe that 
transfers waste water from one process unit to 
another which produces a valuable co-product 
from potential pollutants, if 
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4. Calculate the Prandlt Number of a stream at the 
front end of a process which feeds a reactor 
designed to improve yield and thus reduce 
potential pollutants. 

6. A wastewater stream has been treated for 
recovery of co-products. The hot stream, 
however, must be cooled prior to discharge to 
prevent any thermal pollution problems. A heat 
exchanger is used for this purpose. Data collected 
on the - heat exchanger which has 
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A. Data Collection and Recording 
 

1. Where possible plot all results as the experiment 
progresses. A picture can define the conditions of 
future runs. 

39 

V. Collection and Analysis of Experimental Data 

The fundamental basis for any good investigation and reporting the 

results is data collection and record keeping (6). A good laboratory notebook 

serves as the basis for a good report. Often times, a considerable amount of 
time elapses between the data collection phase of a study and the eventual 

presentation of results. It is very important, therefore, that data be collected 

accurately, be well defined, and recorded in a permanent, bound laboratory 
notebook (6). The laboratory notebook must contain the following: 

• Date 
 

• Title of experiment 
• Data 

and at the conclusion of the day's effort, each page should be signed, 

witnessed and dated because, often times, the laboratory notebook serves as 
the legal evidence in patent litigation. In today's society, with pollution an 

ever present consciousness in people' minds, good notebooks are very 

important. The very important factors for pollution prevention efforts must 
be well documented. 

Some very useful factors in data collection are: 



 

 

Data can be collected evenly, however the 
important loading point and flooding point must not be 
lost because the air flow settings were not properly 
chosen. 

2. An important requirement is that the notebook, 
"should be so clear and complete that any 
intelligent person familiar with the field to which it 
relates but unfamiliar with the specific investigation 
could, from the notebook alone, write a 
satisfactory report on the experimental work" (6). 

3. Always indicate units of quantities that are 
measured. 
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4. Always record chart reading or the readings 
that you actually measure. 

Example: 

MANOMETER 

5. Charts from recorders should be put into 
laboratory notebook. Label chart with 
 a) Title 
 b) Date 
 c) Exact significance of experiment 

 
 

Example: 

UNSTEAD Y STATE HEAT TRANSFER 

September 26, 1977 -- 

Heating and cooling curve for plastic cylinder" 
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6. Sketches of experimental apparatus should be part 
of notebook. All important dimensions should be 
recorded. 

 
7. If procedure and apparatus are detailed in a 

publication it is not necessary to recopy. Simply 
refer to publication. However, define all differences. 

 
8. Never record a calculation, dimension or note 

on a loose sheet of paper. 
 
9. Notebooks become legal evidence in patent 

cases. Therefore, always date, sign and witness. 
Example: 

 
Experiment 1.  Se pt. 27, 1994 

FL UID FLOW THROUGH 
 PIPES AND FITTINGS 

10. Notebooks should be neat. All data entries 
recorded in logical manner. Do not crowd. In 
general ink is used because penciled data can 
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be erased. Do not erase. Simply draw a single 
line through bad data. 

B. Tables in a Report or Laboratory Notebook 
Each table should be numbered, have a title and show all units. 

 
Example: 

 

Table 1. 
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D. Use of Calculators and Computers 
 

1. TR-20 analog computer (obsolete) 
 
 2. TR-48 analog computer (obsolete) 
 

3. Pocket Calculators 
 

 4.Digital Computers,main frames) 
 

 5. Personal Computers (most current) 
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E. Data Analysis 
 

1. Know what to correlate 
 

Example: 
 

In Chemical Engineering we use dimensionless 
numbers. Thus: 
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Always attempt to recalculate the measurements into 
meaningful quantities. 

F. Error Analysis of Experimental Data (4, 6, 7, 8, 9, 10, 
11) 
 All measurements are subject to errors. Hence, it is very 
important that following the measurement of data and the 
development of derived quantities from the data for 
presentation in a report, a careful statistical analysis be made of 
the measured results. 

Some important points to consider in measuring data are: 

1. Even if you are careful, inaccuracies can occur 
 

There are: 
1. Mistakes 
2. Errors 

 
A mistake is the recording of a wrong reading (236 
recorded as 263 lbs.) 

 
An error is of two forms: 

1. consistent 
2. random 



 

 

A wrong scale is an incorrect reading of a wet test meter. 
One can usually remedy consistent error by correction or a 
calibration. 

 
Random errors are caused by fluctuations and sensitivity of 
the instrument or the poor judgment of the experimenter. 
An example would be a fluctuating rotameter. 

2. Associated with random error is the most 
probable value 

 
The more readings you take the more likely the average 
will be the most probable value. The analysis begins with 
the normal distribution curve or, as it is commonly called, 
the bell-shaped curve. 
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s = standard deviation for a small, finite sample size 
 

Example: 
 

Five readings are taken for the weight of a given 
sample of wastewater to be analyzed for a stream 
pollutant and eventual pollution prevention studies 
to eliminate the stream pollutant. 
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The confidence intervals are 
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a), Method of Least Squares 
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In this case,  
 
y = mx + b is linear 

For y = mx + b, a linear equation, taking the 
partial derivatives and solving for the two 
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b) The method may be extended to curve fit 
various equations by computer 

c) There exist many software programs that 
curve fit 

8. Calculate the Correlation Coefficient 

The correlation coefficient, r, is defined as a 

quantitative measure of the relationship between 

variables. In the simple case of a linear analysis, 

y=mx+b 

it is often desired to know how the measured values of y relate 

to the independent variable, x. The question often arises in 

investigators' minds, 

`For the correlation between y and x by 

either least square analysis or curve fitting. 

How good is the fit?' 

Thus, if y is measured for a given value of x and the data form a 

perfect circle (no correlation at all), r = 0. 
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Hence, the correlation coefficient, r, is a 
quantitative measure of the data fit for the linear 
relationship. 
 

This correlation coefficient, r, will have a value of 
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Example 
 

A rotameter has been installed in a chemical processwhich 
is part of a system to reduce the quantity of a potential pollutant 
in the front end of the process before the pollutant is formed. 
This process improvement is an essential part of the company's 
pollution prevention program. 
 
The measured data are: 
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Determine the calibration equation and the correlation 
coefficient for this system. 



 

 

61 



 

 

62 



 

 

 

63 



VI. Written and Oral Communication 
The net result of any experimentation and measurements is to convey 

the facts from the investigator's mind to that of interested readers (6). Hence, 
good communication abilities, both written and oral, are paramount and are 
probably the most important part of the investigations. Most of the time the 
ability to communicate effectively both in written form and oral form will 
determine the level of promotion of an individual. Good writing and good 
speaking abilities are very important and are a life-time endeavor. We never 
reach perfection as long as we live-but we must always try to reach 
perfection as long as we live. 

 

We will consider reports 
 

• Written 
 

• Oral 

A. Written Reports 
 

1. Generally speaking, we will consider only three types 
of written reports. These are: 

 
• Research 

 

• Memo 
 

• Letter 
 

A research report is a very detailed, lengthy report on 
an investigation. A memo report is less detailed than a 
research report but has sufficient detail for the reader. A 
letter report usually is an executive summary of the study 
and gives the reader the key significant facts, results, 
conclusions and recommendations. Often, 

 

". . . the real ability of a technical man remains 
unrecognized because the results of his work are 
poorly presented." Fred Hoffman Rhodes, 
"Technical Report Writing" 1941 (6). 
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a) The purpose of a written report is to convey a 
set of facts from the mind of the writer to that 
of the reader. The report must be written with 

 
• Clarity 

 

• Precision 
 

• and Completeness 

b) The literary prose used in ordinary, non-
technical writing is 

 
• Effective without being precise, 

 

• Suggests rather than defines, and 
 

• Implies rather than states. 
c) Technical prose, on the other hand, must 

focus on 
• Essentials 

 
• Being clear and definite 

 
For technical prose, 

 
(1) The writer must understand the 

material that he/she is trying to 
present 

 

(2) The material must be complete and 
organized 

 

(3) The results must be presented in 
 logical order, for example, 

 
(a)experimental method 
(b)experimental results 
(c) conclusions 
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The report must be written in good language 
(English in the U.S.) and must have good sentence 
structure. Good formatting with proper 
paragraphing is essential. The report must be 
complete yet it must be concise because a concise 
report is easier to follow. 

d) The requirements of a good report are: 
 

• Clearness 
 

• Completeness 
 

• Proper organization of material 
 

• Correctness of presentation 
2. The steps in report writing are: 
 

• Collect data 
 

• Assemble data 
 

• Analyze data 
 

• Outline the report 
 

• the organization and order in 
which various topics are to be 
discussed with 

 

• Divisions 
 

• Subdivisions 
 

It is very important to first prepare a detailed outline 
of what is to be discussed prior to any writing. 
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3. After the report is written, 

 
Ask yourself, 

 

• Is the discussion clear? 
 

• Is the discussion complete? 
 

• Is the material logically arranged? 
 

• Have all unnecessary words and statements been 
eliminated? 

 

• Are there any errors in grammar, punctuation, or 
spelling? 

4. All tables and graphs should be near the point of 

discussion not all in the back of the report. 
 
5. Correct styles, conventions and correct usage 

of words is essential. 
 

Technical reports are usually written in impersonal style. 
For example, 
 
Do not write: 
 
 I opened the valve. 
 
 We measured the distillate flow. 
Instead, write: 
 
 The valve was opened. 
 
 The distillate flow was measured. 
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a) Sentences should be properly structured. 
 

A good sentence length averages about 17 words 
because short sentences are too choppy and long 
sentences are too hard to follow. 

 
Example: 
A vertical kettle was used. It was cylindrical and made 
of steel. The kettle was three feet in diameter. It was six 
feet high. Both the top and the bottom were dished. It 
was provided with a steam jacket. 
 
This paragraph can be better stated in one 
sentence: 
 
The kettle was a vertical, steam jacketed, steel cylinder, 
three feet in diameter and six feet high, with dished 
heads. 

b) The selection of words is very important. 
  For example, the word obtained is used as: 
 

• Temperatures are obtained 

• Samples are obtained 

 
The word obtained is used instead of the 
words 
 

collected, drawn, taken, removed, read, 
computed, calculated, estimated, derived, or 
measured. 
 

The word undoubtedly means. certainly. 
Therefore, do not use probably when you 
mean undoubtedly. 



 

 

B. Organization of a Report (Formal) 
 

As stated, report forms discussed are: 
 

• Formal (research) 
 

• Memo 
 

• Letter 
 

The formal or research report is the most detailed. The 
structure of a research report is as follows: 

1. Title: The title must be brief, but clear. For example, 
 
 

"BATCH FILTRATION OF DIATOMACEOUS 
EARTH IN A PLATE AND FRAME FILTER" 

 
and 
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"DISTILLATION OF METHANOL-WATER IN 
A SIEVE TRAY COLUMN." 

Do not use titles such as: 
 

FILTRATION or 
DISTILLATION 

 
2. Table Of Contents 

 
3. Abstract 
 

The abstract should state: 
 

• what you did 
 

• what the results are 
 

• what the conclusions are 
 

• what the recommendations are 
 

The abstract must, in very short paragraph form, give 
the reader a complete overview of the study. To learn how 
to write good abstracts, study abstracts written in good 
technical journals. 

4. Introduction 
 

The writer should include somewhere in the report, the 
 

• Purpose of work 
 

Why is filtration of slurries in a 
plate and frame press important? 

 

• Previous work in literature 
 

• Theory - if significant 



The writer must separate and discuss 
only the theory pertinent to the 
study. 
 

5. Apparatus 
A clear and complete sketch of the apparatus must be 

presented. The narrative accompanying the sketch must be 
complete. 

Example 
In the study of heat transfer, for a heat exchanger, 

describe the number and order of passes, number of 
tubes in each pass, and the ID, OD or BWG of each tube, 
the length of tubes, the material, the s hell diameter, and 
the number and type of baffles, etc. 

 
In the first paragraph of the narrative, which 
accompanies the sketch, give the overview of the 
equipment. 
 
In succeeding paragraphs give more details. 

6. Procedure 
 

In the first paragraph of the procedure section, give 
an overview. 

In the succeeding paragraphs give many more 
specific details. 

Present a flow sheet of the system and always 
assume that the reader has intelligence and will understand. 
For example, don't say: 

"The steam was turned on by opening the 
valve in the steam line”. 
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The reader knows that steam is turned on by 
opening a steam valve. 

 
From the written report, the reader must be able to operate 

the system to reproduce the data that were measured, if necessary. 
 

7. Experimental data 
 

Experimental data is presented in tables, graphs, charts, 
etc. Tables and graphs must be complete and detailed. 

8. Discussion 

In writing a discussion, refer to the detailed outline of 

the study that was prepared. This procedure will insure that the 

report is written in logical order and is complete. 

First, introduce with what was done, then discuss results 

in logical order from the outline, with the proper conclusions at 

each point of discussion. 

Errors should also be presented in the discussion. 

9. Conclusions 

Conclusions are presented in terse form. For 

example, 

The conclusions of this study are: 1.  

2. 

3. 

There is no discussion in this section of the 

report. 

 
10. Recommendations 

Recommendations are present d in terse form also. 

For example, 
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The recommendations of this study are: 

1. 

 2. 

3. 

There is no discussion in this section of the report. 

This section gives what you, as the investigator, feel is 

necessary for further studies. 

 
11. Bibliography 

The bibliography or reference section should be 

clear. 

It is wise to check textbooks, journal articles, etc. 

for proper form. For example, 

 

Journal Articles  

Ronald, M.C., "Investigation of the Teaching of English in 

Technical Schools" J. Eng. Educ. 4a, L17 (1941) 

 
Patents 
Carlin, G. B. and C. U. Laytor, US Patent 1, 475, 236 

12.  The Nomenclature used must be clearly defined. 
 

     13. The Appendix contains all important but not 
necessarily high priority data. For example, 

 
• Sample calculations 
 
• Unimportant calibration graphs 
 

• Data charts from recorders 
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The definition of the terms in the equations can be 

presented with the equation in the main body of the report (as 

above), or one can place the definition of terms in the 

nomenclature section. 

All units in technical reports, especially technical 

publications, are in SI units. Certain corporations in the U.S. 

may prefer the English system of units. 

C. Oral Reports 

The ability of an investigator to speak before a large or small 
audience is paramount. It is an invaluable asset which the 
investigator must develop. This development, like writing, is a life 
long process of trying to achieve perfection. Each presentation 
made should be better than the preceding one. 

 
In making oral presentations, 
 

• everyone must strive to be an effective speaker and 
• we must all remember that everyone is nervous at first. 

 
1. Poor presentations are usually the result of 

• Lack of practice and 

• Lack of skill in speaking 
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We do not read a paper before an audience and we must 
avoid "aaah's" or "uh's". 
 
We do not speak to the blackboard, and not only to the key 
people in the audience, but always to the entire audience. 
 

Our speaking style should be conversational and not 

monotonous and, hence, boring. 

2. A good presentation can be assured if we: 
 

•   Prepare good audio-visual material which is 

not cluttered 

• Practice the presentation 

• Overcome the nervousness of the first few 

minutes of the presentation 

• Speak to the audience, the entire audience and not 

only to key people 

• Have the material well organized such that it is 

logical and easy to follow 

3. In your presentation, fell the listeners: 
 

• What you will tell them 
• Then tell them 

 
• Then tell them what you have told them 
 

In other words, always 
1. Introduce the main points that you will be 

discussing, then 

2.   Explain each point in detail, and finally, 

3.   Review and summarize the points that you have 

discussed. 
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Part II 

 
Laboratory Experiments 



 

I. Laboratory Safety and Good Laboratory Practice 
 

The following rules and regulations for chemical engineering 

laboratories are spelled out not as a deterrent for the student, but as a guide for 

the purpose of reducing accidents, preventing misunderstandings, having the 

student use time most efficiently, and allowing the laboratory to function in 

the most economical and efficient manner possible. 
 

Safety in the chemical world is a way of life. It is a philosophy and it is 

an attitude. It is an inherent desire in each of us to protect ourselves, our 

colleagues and coworkers. It is a habit. Consequently, the proper undergraduate 

One simple approach is to always ask yourself the question, "What will 
happen if I ---- 
 
- speed in my automobile 
- open this valve  
- raise this temperature 
- start this pump  
- open this electrical switch 
- etc." 
 
Then, answer your question and proceed. 
 

Safety also is a set of rules. For our laboratory these are: 

1. Clothing- Shorts or skirts should not be worn to the lab. If either is to be 

worn in the lab, an approved laboratory coat is to be used. In addition, 

sandals are not an acceptable type of footwear. Tee-shirt type garments, not 

of the undershirt variety, are acceptable, but are not recommended. Hard 

hats are required in all high head areas. Confine long hair or neckties, so 

that they cannot get caught in moving machinery. 
 

2. Eye Protection: Glasses are a required item to be worn in all areas of the 

laboratories. The departmental policy on eye protection is: 
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STUDENTS ARE REQUIRED TO WEAR EYE PROTECTION 

THROUGHOUT THE LABORATORY PERIOD WHILE IN THE 

LAB AREA. 

A grading penalty will be associated with the failure to abide by the 

previously stated items. 
 

5. Horseplay: Incidents of horseplay can lead to friction and accidents, 

and are not tolerated. A minimum penalty of one letter grade and a 

maximum penalty of a failure grade on that particular experiment 

may be incurred. Repeated incidents can lead to a failure grade in the 
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6. Equipment Difficulties: The student is encouraged to correct any minor 
equipment difficulties by taking the appropriate action. However, any 
major equipment difficulties should be reported to the shop attendant, 
instructor, or laboratory assistant, and the student should not attempt any 
further corrective action. 

7. Tools: Tools should not be taken out of any stock or maintenance rooms 
without checking them out with the designated responsible person. Any 
tools checked out should be returned immediately at the completion of 
their required task, but in any case, no later than the conclusion of the 
particular day's laboratory period. 

8. Electrical: In many instances electrical extension cords are required for 
the operation of auxiliary equipment. Special precautions should be taken 
when using these cords. When an electrical extension cord is checked out, 
be sure to examine its condition. If you find frayed or broken wires, 
insulation broken, prongs bent, no ground, etc., do not use but return to 
the stockroom, pointing out the faults to the attendant. When using 
extension cords be sure they do not lie on the floor, in particular, when the 
floor is wet, but are safely supported in such a fashion that they are not a 
bodily hazard. In addition, when making electrical connections be sure the 
area you are standing in is dry. 

9. Accidents: Even with the greatest safety precautions accidents do happen. 
Be sure you are familiar with the locations of safety showers and medical 
first aid kits. If an accident happens, be sure to immediately inform an 
instructor. In the case of a serious accident, do not attempt first aid if you 
are not familiar with the proper technique but do attempt to make the 
person comfortable until aid arrives. The campus emergency number is 
Ext. 3111. Emergency phones (red telephones) are located in the corridors 
of Tiernan Hall. 

10.Unauthorized Areas: Do not touch unauthorized equipment or 
experiments. 

11.Food or Drink: Food and drink are forbidden in laboratories. 
12.Smoking: Smoking is not permitted in laboratories. Smoke only in 

authorized areas, outdoors. 
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13.Ventilation: Be sure that hoods are functioning and areas you work in 
are properly ventilated. 

14.Attendance: Mandatory attendance is the rule of the lab periods however, a 
limited number of absences is permitted with the approval of the 
instructor. Appropriate make-up requirements for these lab periods will be 
stated by the instructors. It is possible for an individual in a group to 
receive a failing grade for an experiment for absences, while the remainder 
of the group receives a passing grade. No experiments can be made 
outside of normal laboratory hours without presence of an instructor or 
assistant. 

Experiments and activities in a chemical engineering or chemistry laboratory 
regularly involve the use of chemicals. Good laboratory practice requires that the 
amounts of the materials used should be as small as possible. Using too much is 
wasteful and costly and is not a trait of a thoughtful professional. All chemicals 
used should be handled and disposed of in an environmentally sound manner. 
Prevention of pollution starts with appropriate choices and carefully considered 
actions in the laboratory. 

Where possible, groups of three will be formed with the students choosing 
their own group members. However, when necessary, the instructor may form 
the group. In order to clearly delineate responsibility for each experiment, the 
group will designate one person from the group as a group leader. This position 
is a rotating responsibility, with one person holding the title for each assigned 
experiment. Every member of the group shall hold this position, if possible, 
during the semester and the number of times each group member is assigned this 
task is a function of the number of experiments assigned during the semester and 
the number of individuals in the group. 

The group leader's responsibility is to assign the tasks associated with a 
particular experiment to the group members. This includes such items as data 
taking, equipment operations, calculations, drawings, responsibility for report 
sections, etc. The setting of deadlines, overall coordination of report assemblage, 
etc., should be the responsibility of the group leader alone. 
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A list of the persons designated as group leader for each experiment is 

to be turned in to the lab instructor no later then the beginning of the second 

class period. In addition, no group will be allowed to operate any equipment 

until its members have been quizzed by the instructors and demonstrated 

familiarity with the experimental theory and procedure. 
 

As a motto in the laboratory one can say, 
 

"WHEN IN DOUBT, ASK." 



 

II. The Laboratory Notebook 

Data Taking and Recording: Each group is required to purchase a standard, 

research quality, laboratory notebook. Details can be developed in class as 

notebook formats change. The following procedure must be followed for each 

1. Title of Experiment and date must appear at the top of the page. 
 

2. Data must be recorded neatly, stating all units and dimensions and 

listing all conversion factors. 
 

3. Data must be recorded in duplicate. 
 

4. At the end of each period, experimenters must sign the bottom of 

each page. The instructor must also sign as a witness. 
 

5. The carbon copy of the data must be given to the instructor. 
 

The kernel of the lab report is the data obtained from the experiment. No 

data should be taken on loose note paper. At the end of the semester the data 

book will be given to the Instructor and will be used in calculating the student's 

grade. The notebook and laboratory reports will be retained by the Instructor. 
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III. Flow Measurements and Energy Loss 

The transportation of fluids, (gas or liquid), from one point to another is 
usually accomplished through the use of conduits (pipes) which are constructed 
in various shapes of different type materials. These transportation grids are made 
up of sections of conduits with fittings, such as valves, connectors, and 
measuring devices through which the fluid is moved. The fluid movement 
requires energy input from pumps, fans, blowers or compressors to overcome 
pressure drop (energy losses) throughout the system. The measurement of 
pressure drop and fluid velocity is important because they are related and impact 
on the sizing of the movement equipment. The oversizing (of equipment to any 
great degree) requires additional costs as well as inefficiency which increase 
energy use. This impacts throughout the system and increases pollution effects. It 
is in this sense of correct engineering design and specification that concepts of 
pollution prevention are incorporated in engineering. On the other hand, 
undersizing the equipment may reduce environmental impact but it also ensures 
the process or system unit does not operate as required. It is therefore important 
to understand the relationship between fluid flow and energy requirements 
(pressure drop) in a system under study or design. The system may be one in 
which a single fluid is being transported (as water is from the reservoir to a 
pumping station to your kitchen tap) from point A to point B in a circular pipe or 
for single phase (air) or two phase (water - air) in a packed tower. 

Packed towers are widely used in the removal of gaseous substances in a 
gas stream by contacting with a liquid substance. It is commonly used in air 
pollution control systems in the chemical industry. A packed tower in the 
simplest sense is a cylindrical tube filled with inert material forming a process 
bed. 
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In the case of measurement of the fluid velocity or the quantity of 
flow in a pipe, a rotameter is used. Rotameters may be scaled for direct 
reading of the quantity of flow in percent of total flow. These are visual 
devices. A rotameter used in conjunction with a manometer allows for 
determining the relationship between flow and energy requirements. 



 

 

IV. Experiments 

A. Experiment 1 : Calibration of a Rotameter 

Introduction 
 

The measurement of fluid flow is important in numerous applications 
ranging from the measurement of blood flow rate in a human artery to the 
measurement of the flow of liquid oxygen in a space rocket. Many research 
projects and industrial processes depend on the measurement of fluid flow to 
furnish data for analysis. 

In today's world, one of the most important aspects of processes is that the 
operation must be conducted without harming the ecology of the earth. Hence, 
we must be able to manufacture all necessities like antibiotics, but, in the 
process, we cannot harm the earth's natural systems atmosphere, soil or water. 

Whether we deal with pollution abatement to reduce the discharge of 
waste into the earth's systems or pollution prevention to reduce the production of 
the waste at the front end of the process, we must measure. We must measure 
compositions but we must also measure flow. 
 

Examples of everyday metering measurements are the gasoline pumps in 
a station, and the gas and water meters in residences. All of these measure 
quantities of fluids. At times one is interested in usage over a period of time, 
which is flow rate, rather than only the total quantity. Some commonly used 
terms for expressing flow rate are: 
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A rotameter is a common visual measuring device that can be used to 
measure the flow rate of fluid (liquid or gas) if it is calibrated. Figure 1 is an 
example of the principles involved in the operation of a rotameter. 

There are three forces acting on the bob. These 
are; 

FD, the drag force which results from friction 
between the bob and the fluid as it passes by 
the bob. The fluid flowing past the bob tends to 
drag it along with its flow. 
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FB, the buoyancy force, results from Archimedes' 
principle. This principle states "a body 
submerged wholly or partially in a fluid is 
buoyed up by a force equal to the weight of 
the fluid displaced". 

FG, the downward force, is the force of gravity 
caused by the mass of the bob. 

As fluid flows past the bob, the bob will rise until 
FG=FD+FB 

When the upward forces and downward force are equal, the bob will remain 
stationary. Hence, by calibration, the rotameter can be used as a flow measuring 
device. 

Liquid measuring rotameters generally have subdivisions on the vertical 
measurement tube in divisions of percent flow from zero to one hundred in major 
increments of ten. At times it may be required to calibrate a rotameter either to 
check its calibration or to determine its range of flow rates. This can be done by 
the direct weighing techniques. 

The flow rate of a non-volatile liquid like water may be measured by a 
direct-weighing technique. The time necessary to collect a quantity of the liquid in a 
tank is measured, and an accurate measurement is then made of the weight of liquid 
collected. The average flow rate is thus calculated very easily. Improved accuracy 
may be obtained by using longer or more precise time intervals or more precise 
weight measurements. The direct weighing technique is frequently employed for 
calibration of water and other liquid flowmeters, and thus may be taken as a 
standard calibration technique. 

 
Experimental objective 
 

To obtain data in order to prepare a calibration curve for a specified 
flowmeter. 
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Procedure 
Your instructor will specify which rotameter you are to calibrate. Trace the 

flow lines to determine which valves control the flow of water to the rotameter, to 
the drain and to the collection container. Set the valve opening to a predetermined 
setting on the rotameter. You should take 6 - 8 readings (runs) between the 0 and 
100 percent markings in uniform divisions. Then start collecting water in the fared 
container for a given time. When either the predetermined time or weight is 
reached, stop your test and record the time of the run and the mass of water 
collected. Repeat the run two more times and then reset the rotameter reading and 
repeat the process. 

Data Analysis 
a. Prepare a plot of gallons per minute (GPM) versus 

rotameter reading (%) on rectangular coordinates.  
 
b. Determine the constants in the linear regression equation 

Q=mR+b 
where  
Q = flow rate, GPM 
 R = rotameter setting, percent of scale 
 m and b are the regression constants 

 
c. Compare your best results with the manufacturer's specification. 

 
d. Calculate the correlation coefficient for your measured data.  



 

B. Experiment 2 : Fluid Flow in Conduits 

Introduction 
 

This experiment is designed to study the relationship between fluid 
velocity and pressure drop in a specified length of circular pipe. The relationship 
between fluid velocity and pressure drop in conduits has been documented both 
based on theoretical principles and empirical developments. Two flow regimes 
have been identified which are referred to as laminar flow, theoretically based, 
and turbulent flow, empirically based. These regimes relate what is called a 
friction factor, which is a parameter that is a function of pressure drop 
the Reynolds number (a velocity function). The analysis of these data gives the 
energy loss in a system and, hence, can be used to determine the pump size. The 
calculated parameters are dimensionless numbers that are applicable to any fluid 
flowing in conduits. The interaction between these parameters is presented in 
graphical form on log-log paper. 

Experimental objective 
The purpose of this experiment is to determine the relationship 

between the friction factor and the flow Reynolds number for a circular 
cross-sectioned pipe, 10 feet long. 

Procedure . 
There are two parts to this experiment. In the calibration part, the pump 

characteristics of a centrifugal pump are determined and the rotameter is 
calibrated by direct weight. In the second part, the pressure drop characteristics of 
straight pipe are measured. Prior to both parts, however, the system must be bled 
of all air and filled completely with water. The Fluid Flow system is shown in 
Figure F-3. 
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Manometer Operation 
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4. Open all valves on the manometer system. 
 
5. Open all bleed valves to bubblers on panel. 
 
6.  Start the centrifugal pump and the circulate water until no air appears 

in the bubblers. Close exit valves in header to help force out air. 
 
7. When the system is bled, close all valves needed on panel board except 

1, 2 and 3 in Figure F-4. 

Calibrations 
 

1. Calibrate the rotameter by direct weight method using the calibration 
tank. (The calibration tank is calibrated in ten pound increments.) 

 
2. For the rotameter use 6 - 8 readings covering the entire scale. 
 
3.Always start with the highest flow rates and work downward. 
 

Pressure Drop Measurement 
 

After recording the rotameter calibration and pump data for a given flow 
reading, measure the pressure drop for the ten (10) foot length of pipe on the U 
tube manometer. (Be sure to follow the instructor's directions in this step). 

At the conclusion of the experiment, a minimum of 6 - 8 data points 
should have been investigated which span the rotameter's range in flow. 
 
Data Analysis 
 

a. Prepare the following rotameter calibration curves: (use rectilinear 
paper) 

 
1. Mass collected per Unit Time vs. Rotameter Reading 
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This plot of f versus NRe is made on log-log paper. Note 
for a particular pipe the diameter, length, and fluid 
properties, the plot is inverse to the plot in part c-1. 

2. Gallons per minute vs. rotameter reading 
 
b. Pump curve (rectilinear paper) 
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 Figure 4 

Manometer System 
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C. Experiment 3 : Pressure Drop in Packed Towers 

Introduction 
 

Packed towers are used in pollution abatement to remove pollutants from an 
air stream by scrubbing the air stream with a fluid, usually water if the pollutant is 
soluble in water, prior to releasing the air to the atmosphere. Packed towers are 
very important in both pollution prevention and pollution abatement. The packing 
material provides surface contact area for mass transfer but it also results in a 
pressure drop because of friction and, hence, an energy loss. A low pressure drop 
and, hence, low energy consumption is very important in the performance of 
packed towers. 

The performance of packed towers depends upon the hydraulic operating 
characteristics of the packing contained in the tower. Two types of hydraulic 
operating characteristics can be examined. These are the characteristics of wet 
and dry packing. In dry packing, only the flow of a single fluid phase through a 
column of stationary solid particles is considered. For many chemical 
engineering operations this is all that need be considered insofar as hydraulics is 
concerned. Examples of such flow are: flow through a fixed-bed catalytic reactor, 
flow through absorption and ion-exchange columns. However, in most mass 
transfer operations, knowledge of the performance of the dry packing does not 
guarantee adequate performance of the equipment used. In packed towers, 
two-phase (usually counter-current) flow is encountered. In absorption or 
distillation, the phases will be a gas and a liquid. Since the liquid flows over the 
packing and since the liquid occupies some of the void volume in the packing 
normally filled by the gas, the performance of wet packing is different from that 
of dry packing. 

An important consideration in the design of any packed tower is the power 
required to force the gas through the packing. Packing shapes in this experiment 
consist of spheres, Raschig rings, Berl saddles and Intalox saddles. The power 
requirement will depend not simply on whether the tower is operated dry or wet 
but will be a function of the liquid flow rate if the packing is wet. 
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For a column, it is truly economically advantageous to maximize one of the 
flow rates. If either the liquid rate or gas flow rate, or both, is increased, a certain 
point will be reached due to the increased gas pressure drop, and at this point it is 
observed that the liquid which is normally dispersed is no longer able to trickle 
down freely through the packing. Instead, pools or pockets of liquid are produced 
which drastically reduce the available area for gas flow. Any further increase in 
gas flow rate is accompanied by abnormally large increases in pressure drop. 
Although it is not examined here, column performance in mass transfer 
(separation) will fall off materially in this region due to the elimination of the 
interfacial area for contact as provided by the packing. This undesirable condition 
is known as loading. If one continues to increase the gas flow rate, the liquid 
pools formed in loading will consolidate across the entire cross sectional area of 
the column. The gas can only get through the liquid by bubbling through. A 
transformation from gas continuous - liquid dispersed situation to liquid 
continuous - gas dispersed situation has occurred. The column begins to fill with 
liquid causing the gas pressure drop across the column to increase without bound. 
The column takes on the appearance of filling with liquid that seems to be boiling, 
and with the manometer readings increasing continuously. This unstable condition 
will usually continue until the pressure drop across the column is sufficient to 
blow the liquid seals or until liquid is carried out over the top with the exit gas. 

In some instances liquid holdup in a packed tower is important. This 
would be true, for example, in unsteady state operations or in the unusual 
situations in which long exposure to the conditions existing within the column 
might result in some deleterious effect, such as a decomposition of some product 
within the liquid stream. 
 
Experimental Objective 
 

The purpose of this experiment is to measure the pressure drop in packed 
columns as a function of the gas mass velocity for dry packing and for two 
different liquid flow rates. 
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using data below the loading point. (See data table for units in Equation 4). 
 
Procedure 
 

1. A column designated by the instructor will be studied. There are four 
columns of 6-inch diameter standard Pyrex glass pipe in the system. 

 
2. For each column studied, determine the pressure drop at various air 

flow rates (correct rotameters for pressure and temperature) keeping 
constant the liquid flow rate at the following values, 
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In the wet packing maximum limitations on gas flow rate will be 
determined by the onset of flooding. 

 
CAUTION: 

 
1. Do not, under any circumstances, allow the column to operate in such 

a manner that liquid is carried out with the exit gas. Deductions in 
grade will occur if it is detected. 

 
2. Always be sure the legs of the seal are filled with water before 

beginning a new run. 
 

3. Allow some time for the steady state to be achieved after each 
adjustment and before recording data. This is particularly important 
if the column has been flooded. It takes awhile to unflood. 

 
At the conclusion of the experiment, close the supply air and water valves 

on the wall and crack open the control valve. Drain the system completely and 
close the drain valves. Do not forget to record the packing height in the column. 
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 Figure 

Packed Tower 
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D. Experiment 4 : Pressure Drop in a Fluidized Bed 

Introduction 
 

Fluidization is observed in a solid-fluid system when the fluid passes at a 
high velocity vertically up through a solid bed such that the fluid phase is 
continuous and the solid phase is discontinuous. Fluidized beds have found 
extensive use as chemical reactors because of good contact and heat transfer in 
solid-fluid systems. The most classical example is the fluid catalytic cracking 
reactor used in refineries to convert higher molecular weight hydrocarbons into 
the smaller molecules used for the gasoline fraction. 

Fluid bed reactors become important factors in pollution prevention 
because the objective of pollution prevention is to improve reactor conversion 
and yield and reduce side reactions at the front end of the process. Thus, the 
reaction step is a very important factor in pollution prevention because we aim 
to reduce the amount of pollutant initially made rather than removing the 
pollutant after it is made. 

In a liquid-solid system when fluidization is smooth and large 
bubbling or heterogeneity is not observed, particulate or smooth, or 
homogeneous fluidization occurs. In most solid-fluid systems, however, large 
bubbles and channeling of gas occurs at fluidization. The flow of solids is not 
uniform or smooth and aggregate fluidization, or bubbling fluidization 
occurs. In long, narrow fluidized beds, the phenomenon of slugging can occur 
at high velocities. Gas bubbles coalesce and become large enough to cover 
the column cross sectional. Slugging is very undesirable because it produces 
serious solid entrainment problems. 

Experimental Objective 
 

The purpose of this experiment is to study the change in column pressure 
drop with superficial gas velocity before and after fluidization, and to determine 
the point of minimum fluidization. 
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As the gas velocity increases, a maximum pressure drop is reached. The 
particles begin adjusting to minimize the resistance to flow, the bed begins to 
expand and there is a slight down turn in pressure drop. The point of maximum 
pressure drop is the point of minimum fluidization. 
 

Further increases in gas velocity fluidize the bed, the pressure drop rises 
very slightly until, eventually, slugging and entrainment occur. 

Theory 
 

Many factors are important in fluidization. A few of the more important are; 
 

1. properties of solid 
 

2. properties of fluid 
 

3. bed geometry 
 

4. fluid flow rate 
 

5. type of fluid distribution 
 
6. vessel internals, screens, baffles, heat exchangers 

In this experiment, the pressure drop characteristics of a fluidized bed is 
studied as a function of fluid velocity. The solid particles are polyethylene and the 
fluidizing medium is air. The bed of solid particles is of uniform size; mufti 
particle size fluidization is not studied. 
 

At low gas velocities, the pressure drop characteristics are those of a 
fixed bed and the Ergun (1, 2, 3, 4,) equation applies: 
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Procedure 

 
Prior to undertaking the experiment, check with instructor for any special 

operating or safety instruction. Familiarize yourself with the experiment and 
determine where main and operational air control valves are located. 
 
Data Analysis 
 

1. On log-log graph paper correlate the pressure drop versus the 
superficial gas velocity. 

 
2. From your graph determine the minimum fluidization velocity. 

 
3. Compare your measured minimum fluidization velocity with 

either Equation 5 or 6. 
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 Figure 6 
Fluidized Bed 
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Introduction 
 

Chemical processes can be classified under two broad categories which 
relate to their operation, namely continuous or batch. In some large industrial 
plants combinations of both operations are encountered. Most operations the 
student is exposed to are of the continuous type but this should not imply that 
batch operations are unimportant. In the pharmaceutical industry, for example, 
nearly all chemical syntheses are carried out using batch processes. Good 
engineering control and planning for these operations are critical for pollution 
prevention. Examples of batch operations commonly encountered are the 
emptying of hoppers containing solids, i.e. coal, ore and grain hoppers, and the 
discharging of tanks, i.e. reaction vessels, and liquid storage tanks. This 
experiment deals with the emptying of a tank containing water and comparing 
the experimental data with the theoretical equations. 

Experimental Objective 
 

The purpose of this experiment is to study the measured efflux time 
(drainage time) from tanks. 
 
Theory 
 
In actuality it is impossible to obtain a completely rigorous solution 
to the efflux problem. In engineering work, it is often necessary for 
researchers to make reasonable simplifying assumptions which will enable 
the investigator to develop a correlation, extract the fundamental constants 
for the system, and hence use the measured data to proceed with a system 
design. However, by making certain assumptions it is possible to obtain a 
reasonable approximation of the situation. Some of the assumptions made 
are justified by the geometry of the experiment. 
 

The simplified model for the emptying of a tank, referred to as efflux time, 
has been developed by Crosby (1). Using a mechanical energy balance with friction 
loss in the drain pipe, Crosby (1) showed that 
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The adequateness of an analytical model can be determined by 
comparison with experimental data obtained from a constructed prototype. This 
experiment attempts to undertake this exercise by comparing the correlations 
given by Crosby (1) with measured data. 

Procedure 
 

Check with the laboratory instructor prior to undertaking the 
experiment as to which part of the experiment the student is to study and any 
safety precautions. 
 

Examine the experimental apparatus in order to determine where the tank 
inlet water control valves are. After the instructor identifies which column and 
exit pipes (length and diameter) are to be used, open the main water valve. Then 
screw into the valve (or column) the first adapted pipe to be studied. Then open 
the water valve to the study column and fill the column to a previously 
determined height with water. (A good starting point is 48 inches, or 1.2192 m, as 
measured on the column proper and not from the middle of the valve). Then close 
the water valve to the column. The student should keep this level the same for 
every run in order to have a valid initial comparison point. 
 

Open the quick opening valve and allow the level to or )p to 44 inches 
(1.118 m) then start the timers at this point. Record the time required for the level 
to fall every 4 inches (0.1016 m) until the level reaches 4 inches 
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(0.112 m) from the bottom of the column, then terminate your run (turn off 
time) for that pipe. Repeat this procedure as many times as required by the 
number of pipes and columns specified for the experiment. Be sure to record 
time-height datum). 

For the system without a valve in the discharge line (column #3 ), 
hold the palm of your hand at the outlet of the discharge pipe to stop the 
flow, then follow the procedure for the valued column for filling the 
column. Removing your palm allows flow which is the same as opening a 
valve. 
 

NOTE: Be sure to have the discharge collection tank under the study 
column and the tank discharge hose in or on the drain. 

Data Analysis 
 

The principle variables m this study are tank diameters, pipe 
diameters, and pipe lengths. Since each group will have a different 
combination of these variables, the student should be certain all variable 
effects are properly ascertained. In general, the following correlations 
should be examined for your systems: 
 

1. Correlate the level in the tank, H in inches, with the time of flow on 
arithmetic graph paper. 

 
2. At the lowest flow rate, estimate the Reynolds number at the pipe 

exit. 
 

3. Use Equation 1 or 2, whichever is applicable, and compare your 
measured data with the relationship by linearization. 

 
4. Use linear regression analysis to determine the slope and compare the 

measured slope to the theoretical slope given by Equation 1 or 2. 
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