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Chapter 1

Introduction to Basic Knowledge of Experiments

Figure 1-1 shows the photo of oil-refinery’s model, which covers different unit operations
and devices of chemical engineering, such as fluid transportation and™ measurement
attained by pipelines, pumps, blowers or flow rate meters, heat transfer achieved by
exchangers, mass transfer realized by tower equipment as well as drying accomplished by
dryers. Any chemical engineering plant can consist of various unit operations and
equipment. Experiments of chemical engineering principle let students know , understand
and study the basic principle, method and process of each unit operation and equipment
so as to foster and develop engineering views and practice capacity of students through

experiments.

i “v'l L

Las 15y

i i

Fig. 1-1 Photo of oil-refinery’s model.

I . Basic Attitude to Carry Out the Scientific Experiments

When the experiments of chemical engineering or other scientific experiments are carried
out, the staff and operators in the lab at first need to have one essential attitude—seeking
truth from facts.

“Seeking truth from facts” we say here is that the phenomena, data and laws
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Experiment of Chemical Engineering Principle VW% B

observed in the experiments are honestly recorded, and they are treated as firsthand
materials or information. Scientific inference or deduction must be based on the
phenomena, data, laws observed in the experiments, and scientific theories and
conclusions are examined by the experimental data. Therefore, the data and information
recorded should be those actually observed and never be those edited (%), revised
(&%) or misrepresented ( 7EHfj) in any reasons. For example, a datum is 100 which is
based on the theoretic calculation, but it is 90 measured actually in the experiments. How
to do? Value 90 should be recorded at first, then the reasons have to be found out. No
other data could be used perfunctorily ( ¥f{7}h) to replace it.

The phenomenon, data, law observed in the experiments directly may be not
accurate, and may be wrong sometimes, but whether these are correct or not can only be
checked by doing the experiments repeatedly. We can never change or cancel any datum
r record because it is different from those in the books or it is not in agreement with the
result calculated based on theory. It is severe to treat the experimental observation; it is
never casual ( fififfilh) to record some datum or perfunctory to change it.

We emphasize the point that experiments can provide the useful and significant data
for ourselves and others only if we have the basic attitude. Only if we have this basic
attitude, can we fully understand the experimental regulations of chemical engineering
principle, and the reasons to suggest so many requirements to the experimental research;
can we actively ( F=zjHh) carry out the experiments according to these requirements,

and obtain the right training to improve our experimental skill continuously.

II. Basic Knowledge to Conduct Experiments

All steps in the experiments are for a primary aim which is to provide an experimental
report with useful or practical meaning, so the training conducted and experimental basic
knowledge introduced should be based on and required by this goal.

So, it is necessary that the experimental tasks in the experimental report, the results
observed in the experiment are described by the chart, formula, word. The discussion
results are showed tersely ( il %5 Hf1) and clearly to make the readers to be absolutely
clear. In addition, the following requirements must be complied with:

® The data must be reliable, the data should be recorded seriously.

e [t is responsible for the experiments, the preparation should be made well before
the experiments and it is concentrated to do the experiments.

e The experimental plans should be thought of severely and explained honestly for
readers to check whether they are reasonable or not.

e The experimental record should be possibly checked and the experimental date,

(3]
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place, condition and relevant persons should be described clearly.
In order to make a qualified report, each step, problem and concrete ( H {£)
requirement in the experimental process are proposed as follows.

1. Preparation for experiments

(1) Read the textbook, and know the goal and requirements of the experiments.

(2) According to specific requirements ( EL{&AE K ) of the experiment, study the
operations and theoretical foundations ( ¥ % J&fifi ) of the experiment,, analyze what
kinds of data should be measured and estimate the variable regularity (ZZfLEi{#) of the
data.

(3) Go to the scene ( #{3%) to see the process of the equipment, the structure of
main equipment, and the variety of the meters as well as the place of their installation,
check whether the equipment is suitable for the experiment, and try to know the start
method and application of the equipment ( but it is not started and operated without
permission, in case of the damage of equipment and other accident happening) .

(4) According to experimental tasks and the scenic conditions ( B{3Z AR M) of
equipment or other conditions provided by the laboratory, decide the data to be
measured.

(5) Make the plan of experiment, decide what to do first and what to do next, and
understand the operational condition, the startup ( 3 zf]) procedure and the adjustment of
the equipment.

2. Organization of experiments

The experiments in this course are finished by the cooperation of a couple of
students, so the organization must be done well during the period of experiments. To
guarantee the experimental quality and the students to be trained at all aspects, there
should be not only division but also cooperation within the organization. There is a leader
in each experimental group, who is responsible for the execution ($#f7) of experimental
plan, and for contact and command of each person in this group. The experimental plan
should be discussed in the group to make everyone know, to make every member be in
charge of particular work (including to operate the experiment, record the experimental
data and observe phenomena and so on) , and take turns (%g4t) at right time [ the turns
cannot be taken in the experiment for high operation requirement ( & :fE 25K ), and

the training can be conducted in exercise (& >JH1) ].
3. Measurement of the experimental data

(1) The data which will affect the experimental results or will be needed in the

3
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process of data should be measured, including the condition of atmosphere, the relevant
sizes of the equipment, material properties and operation data.

(2) Not all the data need to be measured directly. Some data can be deduced by
other data or found in the handbooks, so there is no need to measure them. For instance,
to get the viscosity and density of water, only the temperature needs to be measured,

and the viscosity and density can be found in the handbooks according to the temperature.
4. Read the data and record

(1) Make the recording form in advance before the experiments ( the whole
recording form is listed for recording just some datum). The name, the symbol and unit
of every physical quantity should be recorded in the form. Every student should have an
experimental notebook and not a piece of paper to record the data in order to guarantee
that the data are complete and that proper presentation ( 5% ¥ ) is clear in case of
confusion.

(2) The experimental data must not be started to read until the phenomenon is
stable during the period of experiments. When the experimental conditions change,
operators should wait for a moment and then read the data since it takes some time to be
stable ( some experiments may need to take a long time to be stable ), and the meters
generally is held back ({iffJ5). Do not measure data at once when the experimental
conditions change. If such data are used to make a report, the conclusion is not reliable.

(3) Read the data twice at least under the same conditions. Only if the two data are
almost the same, can the operation conditions be changed so as to observe the experiment
and to read data under another condition.

(4) Every datum should be rechecked when it is recorded, in case that a wrong
datum is read and recorded.

(5) The record of data should reflect really the accuracy of meters. In general, the
next number behind the minimum scale ( f%//N43J%) of meter needs to be recorded. For
example, the minimum scale of thermometer (i 1}) is 17T and if the temperature is
24.6C at that time ( 24i}), 25°C cannot be recorded. If the temperature is exactly
257, 25.0%C should be recorded and 25°C should not be recorded because there exists
the accuracy (¥5#4% ). The last number ( A {7 %) in recording data is evaluated ( ff
i1). 1f 257 is recorded, it represents that the temperature may be 24C or 26°C , or its
error is +17C. 25. 07T represents the temperature is between 24. 9C and 25. 1 C at that
time, and its error is * 0.1C. But 24.58T cannot be recorded by the above
thermometer because it is beyond the accuracy of the thermometer.

(6) The record of data should be based on the actual ones in the experiments. For
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instance, the required ( #f % ) temperature of water is 50.0C, while the actual
temperature of water is 50. 5°C during the period of reading it, 50.5°C should be
recorded. If the datum is stable and is not changeable, it should be recorded as usual
instead of leaving blanks. If some data fail to record (Jicls%), the relevant space (#f
N HZ5 4% ) should be left.

(7) If abnormal phenomena and conditions happen or some evident errors occur in

the experiments, they should be marked in the remarks column ( £5714%).

5. Notices during the period of experiments

It is wrong that some students just record the data and ignore other things in the
experiments. In addition to recording data during the period of experiment, the following
should also be noted.

(1) The students who are in charge of the operation must watch out for ( #4J] {3}
7) the change of the meters and adjust them at any time to ensure that the whole process
is going in the required condition so as to decrease the difference between the operational
and required conditions of experiments as much as possible. What is more, the students
who are in charge of the operation cannot leave without notice.

(2) After reading the data, operators should compare them with the previous data,
and also compare them with other relative data, and analyze whether the data are
reasonable or not. Once finding out that something is not reasonable, operators should
have a discussion with the others in the group to find the cause, and work out what is
wrong, which comes from operators’ knowledge or from the measurement of data, so as
to find and solve the problems in time ( AZH).

(3) The phenomena in the experiments need to be observed carefully, especially
some irregular phenomena, operators should cherish ( §[{ %) time to study why they

occur.
6. Processing of experimental data

(1) Under the same condition, if there are several stable data which fluctuate a
little bit (A 53l ) , operators should take their average and then process the data. It is
not necessary to take their average after individual process (iZ/{~4bH) for saving time.

(2) When the data are processed, some data which are not meaningful should be
given away ( 47 #7+) according to the rule of significant digits ( A L %5 ). The
accuracy of data is determined by the accuracy of the measuring meters, and it cannot be
increased due to the increase of digit place (v 4{) during the period of calculation, but
decreasing digit place arbitrarily ( {F & Hb) is not allowed because it reduces the original

5
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accuracy of the data.

(3) During the period of processing data, if the process is too complicated and
there are too many experimental data, the form list ( 41| %) is generally used and the
same project is processed together. This processing way is not only simple but also time-
saving.

(4) It is necessary that a group of data can be used as an example to list the
calculative process so as to check.

(5) During the period of processing data, the sum up of constants ( % 4¢/944) can
be used to induce all constants in the formula (CRfitE A FFA HE0949) and treat
them as a constant. For example, Re of fixed pipe is calculated when the flow velocity

2

changes, since, Re =@2, u= .. , then Re = ﬂ, and d, p and u do not change in
K g ma

S E|

. 4 .
the experiment, so they can be treat as a constant. Let B = —&, then Re = BV. First B
0y

value is found in calculation, and then V value is inserted, finally Re can be found. In

this way the speed of calculation can be greatly increased.
7. Writting of experimental report

A good report must be written simply and clearly, so it is required that the data are
complete , the explanation is clear and the conclusion is correct. There are discussion and
analysis in the report, and the formulas (Z)>3{) and graphs ( [¥]) obtained are in the
well-defined condition. It is not required that the pattern and style of report are all the
same but it should generally include the following .

(1) Title of report (it is needed to be simple and clear).

(2) Name of reporter and the partners.

(3) Task of experiment.

(4) Principle of experiment.

(5) The explanation of the equipment [ including the picture of the flow process
(7iF?) and the kinds and specifications (4% ) of main equipment and meters ] .

(6) Record of experimental data (including the recording table of original data you
read directly and the recording table after processing and calculating ) .

(7) Processing of data and example for the calculation. A group of data ( note
where they are from) are quoted (5|H]) and the process of calculation for this group of
data is listed as calculation example.

(8) Experimental results. A conclusion of this experiment is suggested clearly and
definitely ( Bi#fi#h) according to the experimental task. It can be expressed by graphs,

6
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empirical equation ( Z2 5 /% =), or listing table ( %1 % ), and the experimental
conditions should be indicated for all of those.

(9) Analysis and discussion. The experimental results are estimated and evaluated,
the error and its reason are analyzed, and the problems found in the experiment should be
discussed. Improvement and suggestion of experimental methods and equipment may be
written and incorporated ( J43f) into this part.

(10) Answer the thinkable questions ( fH 2 4).

[I. Analysis of Experimental Error and Processing of Data ‘

There always exists some difference between the data of experimental measurement and
actual data due to different reasons | even though the instrument ( {¥ #%) is quite
accurate, just the approximate values ( #f{lL{f ) can be measured |. This difference in
values represents the error. For estimation and analysis of measurement error, it is
significant for evaluating the experimental results and the design plan, and it is what we
should master skillfully.

basic concepts of measurement error

1. Accurate value and average value

A physical quantity of any object to be measured ( #%{ll] & %} 42 ) always has a
definite objective accurate value (— ¢ 1% W B 5 {H ) —accurate value ( H{H), but
the accurate value cannot usually be measured directly. The definition of accurate value is
given in the field of experimental science: the average of infinite ( JCFRHY)) observable
values is called accurate value. Because the times of experimental measurement are
limited, the average of definite observation values is close to the accurate value, which is
called the optimal value ( fiz {£{fi ). The indicating value coming from the more
advanced instrument ( /5 — 2% {X %) is used as accurate value during the period of

experiment.
2. Absolute error and relative error

(1) Absolute error: when the measured value x is minus the accurate value A, the
remainder ( 43f&) obtained, Ax, is absolute error. That is
Ax=x-A (1-1)
(2) Relative error: it is defined as the accuracy judging some measured value, the
relative error § is used to express it as follows:
- % x 100% (12)

7
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3. Characteristics and classification of error

(1) The systematic error: It is referred to the error caused by unfound ( A % HH)
factors during the period of the measurement or experimental process. The influenced
results of these factors always deviate in the one direction. Their amount and symbol (
/NHIfF 45 ) are completely the same in the same group of experiments. They change
according to a fixed law as the conditions change. For example, the zero place ( “%{/)
of mercurial thermometer is 0.2 higher than usual, if the thermometer is used to
measure the temperature many times, the reading data will be 0. 2°C higher than usual
every time.

(2) Stochastic (Ff#IL1Y) error or chance error (fB#Kk{RZ5) . It is referred to the
error when the same amount is measured under the same condition, the absolute values
are variable, sometimes big or small, without the fixed law and are unpredicted ( JGiZ i
il ), but they have compensable ( i 4% 4¥) error. If some amount is accurately
measured for a lot of times, it is found that the stochastic error completely obeys the
statistical laws, the error amount ( K/]N) , positive or negative, is totally determined by
the probability. Hence, as the times of measurement increase, the arithmetic mean ( % AR
EH{E) of stochastic error approaches to zero. Therefore, the arithmetic mean of many
measurements will be close to the accurate value.

(3) Fault error ( if %1% 22) or careless error ( # 2% ). It is caused by the
operational mistake and it often seems that the error is very great. It can be avoided only
through careful operation since the fault error is often caused by operators. Hence, this

kind of error should be deleted in the data processing.

Processing of experimental data

1. Concepts of significant digits

During the period of measuring or processing experimental data, it is important to
use several significant digits to express the experimental result. It is wrong to think the
more digits after decimal point ( /"¢ 5 ) are, the more accuracy is, or the more digit
places kept by calculation results are, the more accuracy is. The digit places taken by
measurement should correctly reflect the available accuracy ( 1] GEIA R AYKE FE ) of the
meters used and the measurement methods.

When the measured value is recorded, one estimated digit should generally be kept.

For instance, the reading of differential manometer ( /2511 ) is 125.7 mmHg * , the

# ImmHg =133. 32Pa, the same below.
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front three digits ( {if —{7%%) 125 is accurately known, and 0. 7 is estimated. In order to
clearly express the accuracy of data and to easily carry out calculation, the data read can
be written as index number ($§%%). The decimal point is added after the first significant
digit, the level of digit value is determined by 10 power (10 AJ%E{X /7). For example,
125. 7mmHg was read just now, it can be recorded as ( 1.257 x 10°) mmHg. It
represents 4 significant digits. In the meantime, even though last place of significant
digits (A 2L E 7 A7) is zero, it must be recorded. For instance, the reading of
differential manometer is exactly 125.0 mmH,O0*, it can be - recorded as
(1.250 x 10*) mmH,O.

If some value or datum is not directly measured, that is, the value or datum must
come from the intermediate calculation, the calculation can be conducted based on the
calculation law of significant digits.

(1) Calculation of addition ( fil}%iz % ) : In all digits, the digit which has the
least places of decimal ( /)NE§ {7 %(#%/)>) is used as standard, and other digits have one
more place than this.

For example; 60.4 +2.02 +0.222 +0. 0467 —60.4 +2.02 +0. 22 +0. 05 =62. 69.

(2) Calculation of subtraction ( Jij#iz5.) . The process of significant digits is the
same as operation of addition when the difference between subtraction digits ( #HJ# %)
is great. If the difference between subtraction digits is close, some significant digits ( #7
FHREF) will be lost in this way. Hence, in addition to keeping required significant
digits, the calculation methods or measurement ways should be improved so that the
subtraction of two close digits does not occur.

(3) Calculation of division ([§:7%iz5) ; In all digits, the digit which has the least
places of significant digit ( A3 %CE 77 %#% /) is used as standard, and other digits and
product or quotient ( flu{ i) should have one more significant digit than it.

For example: 603. 21 x0.32 +4.011 — 603 x0.32 +4.01 =48. 1.

(4) Average of calculation (3} FHI{f) . If there are four or more digits to take
average, the place of significant digit in the average value can increase one.

(5) Calculation of power and root ( 3¢ 7 5 J /7 iz 8 ) . The final result of
calculation keeps one more place of significant digit than original digits.

For example: 25 =625, /4.8 =2.19.

(6) Calculation of logarithm ( %} %3z % ) . The places of significant digit before
and after taking logarithm should be equal.

For example: 1g2.345 =0.3701, 1g2. 3456 =0. 37025.

x ImmH,0 =9. 81Pa, the same below.



Experiment of Chemical Engineering Principle 4t X /& 38 2 %

2. Experimental data processing

Most data of the experiments of chemical engineering principle are measured
indirectly, and the procedure of processing experimental data generally is as follows:
first, the results measured directly are listed in a table according to appearing sequences
( s Bl H 5 i ) , then the middle results, measured indirectly and their error are
calculated. All calculation results are listed in the table. Finally, all results are expressed
by charts according to the experimental requirement, or are shown by empirical equations
(&% /nL).

(1) Drawing (#21il) of experimental curves.

The advantage demonstrating experimental data by the charts is to directly be
perceived ( B MWIE M) , to conveniently be compared ( { J-[/.4) and to easily watch
out the points of limiting value (#%{H %), the turn points ( #475) , periodicity ( J& 1
#4) , the changing rate and the other characteristics. Experimental curves also help us to
find the mathematical model.

When the charts are drawn according to the experimental data, the following should
be considered :

(DChoice of coordinate system ( A4%5 % ) : The coordinate systems generally used in
chemical engineering majors have the rectangular coordinate, logarithmic coordinate,
semi-logarithmic coordinate and so on. The coordinate system is chosen according to the
relation between the data or the functions to be predicted. If it is a linear function, the
rectangular coordinate is used. If it is a power function, the logarithmic coordinate is
chosen so as to make the chart be linear. The semi-logarithmic coordinate is selected for
an index function. The semi-logarithmic coordinate can be chosen if the difference
between digit levels of the smallest and largest values for self-variable and induced-
variable is too great.

For example, for the function of y = ae”™, y is used as the logarithmic coordinate,
and x as semi-logarithmic coordinate of straight line scale ( E2k%3/% ), since

Iny = Ina + bx (1-3)

And for the parabolic curve of y = ax”, the double logarithmic coordinate (log-log-

coordinate ) should be used, as shown in Figure 1-2, since
lgy =lga + blgx (14)
where Equation (14) is linear.

10
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2x10

1x1

1x10 2 3 4567891x10° 2x10°
X

Fig. 1-2 Double logarithmic coordinate.

It is clearly seen that the digit value shown is the accurate value in the logarithmic
coordinate, and the origin is one and not zero. Because the logarithms of 1, 10, 100,
and so on, are respectively 0, 1, 2, and so forth, the distance of every order ( £{i7%{)
is the same in the coordinate paper. Since it is the value of accurate digit scale, the digit
value of scale is not used directly to carry out the calculation when the slope ({7, Fl
%) of straight line is found. And its logarithm should be used to conduct the calculation.
Suppose the slope is K, so

lgy, —lgy ,
- 1;(‘ - li\: (15)

(2)Scale ( 43 ) of coordinates: It should approximately be in accordance with
(Heeeeen H£F) the significant digits of experimental data, and the most suitable scale is
to make the coordinate readings of experimental curves and data have the same places of
significant digits. Besides that, the ratio between the axis of abscissa ( f#i4t45) and the
axis of longitudinal coordinate ( Z\ 4 #5) is not surely in accordance, and should be
chosen according to the actual condition, to make the slope of experimental curves be
between 30° to 60°. Such the reading of curve coordinates has higher accuracy.

(2) Determination of empirical equations.

The method of empirical equations is also called the method of mathematical
models. It directly describes the relationship between self-variable and induced-variable
of process or phenomena, and it is also an important method, especially in the wide
application of computers at present.

The comparison way of charts is usually adopted. That is, the experimental curves

are drawn by experimental data and are compared with the typical ( HL.7I]) curves to



