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Basic requirements for the experiments

The experimenter should submit a qualified report satisfied the requirements of the
course after he accomplishes the experiment. The report is requested to express the task
and the results of the experimental observation described with tables, graphs, formula
and words succinctly and explicitly, in order that, readers can be clear to understand. Be-
sides that, those should be considered as below:

(1) The data must be reliable. The experimental plan should be thought over and over
again before carrying out, so the preview is very important. The experimenter must con-
centrate his energy, observe the experimental phenomenon and record the original data se-
riously and correctly.

(2) The experimental records must withstand checks and trials. So the experimental
conditions, time, place and the personnel should be illustrated.

In order to make a qualified experimental report in every step and every problem of the
experimental process, there are specifications and requirements as below:

0.1 Previewing the experiment

(1) Read lab handouts, make sure to figure out the aim of the study and require-
ments.

(2) According to the specific task in the experiment, student should study the basic of
experimental theory and the way to do the experiments. Whether the parameters needed to
be directly measured should be analyzed. Estimating the variation trend of experimental da-
ta is also important. _

(3) Observe and study the experimental process worksite, especially the main struc-
ture and installation of equipment and surveying instrument. Understand their measuring
principle and method of use, and check the rationality of the whole experimental project.

(4) According to the experimental task and preview study, settle down the experi-
mental scheme, make up the whole operating procedures.

0.2 Forming group and dividing work

Experimenters are usually divided into lots of small group with two people in each, so
it is important to organize the groups well before the experiments start. Each group should
have a head to be responsible for implementation of the experimental plan, contacting and
discussing with the members to do their respective duties including operating instruments,
recording data and observing phenomena, etc. In addition, taking turns of respective duty
within the group is necessary.
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0.3 Measuring the experimental data

All the data in the process that will affect the results must be measured. It includes at-
mospheric conditions, equipment dimensions, material properties and operation data, but
not all data are directly measured. We do not need to measure the standard data previously
discovered or derived from manual, such as density, viscosity, Specific heat, and other

physical properties. For example, the physical properties of water are available and can be
found in handbooks.

0.4 Reading and recording the experimental data

(1) Draw up the recording form before starting to the experiment. In the form, phys-
ical quantities including name, symbols and units should be recorded. Each experimenter
should have an experimental recording book. Do not use informally a piece of paper or lab
handout blank space to record. Ensure the integrity, clarity and accuracy of experimental
data collected.

(2) The experimental data could not be recorded till the phenomenon is stable. Only
after waiting a reasonable moment, experimenter can read the data and make a notice of
the condition change. This is because the changed conditions destroyed the original and
steady state. Establishing a steady state needs certain time (some experiment takes quite
long time to achieve stability state). Usually instruments will show delay because of that
phenomenon.

(3) Recheck each record immediately to avoid accidental recording error, their delay
of datum indications.

(4) Experimental records must reflect the accuracy of the instrument. In general, ex-
perimenter should record the place below the minimum graduation of the instrument. For
example, if the minimum graduation of a thermometer is 1°C, the current temperature
reading is 20. 5°C or 19.5°C, 20°C should not be recorded; and if it is just 20°C, 20.0°C
should be recorded.

(5) The records should be based on the experimental condition in situ.

(6) If it appears to be an abnormal condition and obvious data error in experiment,
experimenters should illustrate in the remarks column.

0.5 Paying attention to the experimental process

Some experimenters know nothing regardless their respective duties in the experi-
ment. Besides recording data in the experiments, the following tasks experimenter should
be done:

(1) The operator must pay close attention to the instrument of indicating value
change, and adjust at any time to ensure the whole operation process under the prescribed
conditions and to reduce the gap between the operating conditions and the prescriptive op-
erating conditions. The operating personnel must not leave their positions without authori-
zation.

(2) After reading data, experimenters shall immediately compare it to the previous
data and contrast to the relevant data to analysis if the mutual relationship between them is
reasonable, and the change trend of the data is normal. If there is unreasonable situation,
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experimenters should immediately explore the possible causes so as to solve problems in
time.

(3) Observable appearance should also be paid attention to in the experimental
process, especially when there are some unusual phenomena. The opportunity should be
seized and the reason should be figured out about the abnormal one, finally obstacles can
be overcome.

0.6 Managing the experimental data

(1) According to the significant figure arithmetic rules, some meaningless numbers
should be rejected during data arrangement process. Accuracy of a digital is determined by
the measurement sensitivity of the instrument itself, it will never be more exact by in-
creasing the number of digits. Reducing number of digits is not permitted because it would
reduce the accuracy.

(2) When dealing with a large number of complex experimental data, generally it is
better to make a list of priorities by arranging the same project at a time. This type of ar-
ranging data process is a time-saving consolidation method.

(3) Example of detailed calculation should be given below the list of data for further
inspection.

0.7 Preparing the report

A good experiment report must consist of brief and integral data, clear discussion and
analysis of the formula or curve, definite conditions of the graph, and correct conclusions.
The content of report generally includes:

(1) Report title.

(2) Name of the experimental group.

(3) Aim of the experiment.

(4) Theoretical basis of the experiment.

(5) TIllustrations of experimental equipments (including process schematic diagram and
the main equipment, instrument types and specifications).

(6) Experimental data. It should include all the data concerned with the experiment.
The data are those after processing or be used to calculate. The original records could be
attached to the appendix of the report.

(7) Data arrangement and calculation example, including references to explain the da-
ta sources and simplified formula to write the process. Data calculation results should be
listed as a calculation example.

(8) Experimental results. According to the experiment task, conclusion of the experi-
ments should be put forward clearly using the diagram, empirical formula or list. "All of
the experimental conditions should be marked clearly.

(9) Analysis and discussion. Assess the results of experiment, analyze the causes of
error, and discuss the problems occurring in the experiments. Any suggestion made to the
experiment method or the equipment can be written in this part.
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Experiments in unit operations of
chemical engineering

1.1 Fuid flow resistance test

1. 1.1 Experimental purpose

(1) Know well the method of measuring resistance loss of fluid flowing through the
straight pipe and valve, and the variation of energy loss in fluid flow by the experiment.

(2) Determine the relationship of straight pipe friction coefficient A and Reynolds
number Re, and subsequently compare the A-Re equation with experiential formula.

(3) Determine the local resistance coefficient & of fluid flow through a valve.

(4) Learn the methods of using inverted U-shaped differential pressure gauge, 1151
differential pressure sensor, Pt 100 temperature sensor and rotameter.

(5) Observe the pipeline components consisting of pipes and valves, and understand
the functional role of those parts.

(6) Apprehend the use of chemical experiment software library (MCGS configuration
software and VB experiment data processing software system).

1. 1. 2 Basic principles

When fluid flows in the tube, as the existence of viscous shear stress and eddy cur-
rent, it is inevitable to consume part of mechanical energy. The mechanical energy con-
sumption includes fluid flowing through the frictional resistance and the local resistance
caused by fluid movement direction changes in straight pipe.

1.1.2.1 Frictional drag
The fluid flows stably in a equidiameter horizontal pipe, resistance loss performs as
the pressure drop. Namely

o p
Many factors influence the resistance losses, especially turbulent flow, which cannot

p=P1"P2_A4p (1-1

be completely solved by the theoretical method. Experimental study of its regularity is the
best way. In order to reduce the workload, making the experiment results of general sig-
nificance, experimenters must use dimensional analysis method combined into number re-
lational expression. According to dimensional analysis, the influence factors of the resist-
ance loss are;

(1) Fluid properties: the density p, viscosity u;

(2) Geometries of pipe: length /, diameter d, wall roughness ¢;
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(3) Flow conditions: velocity u.
Which can be expressed as:

Ap=fld,lypspsuse) (1-2)
A combination of the following non-dimensional type:
2-o(te.1.5)
Byt 54
If ,\=gp<d—:£. 5) » the formula (1-1) turns into:
hr=%= é—‘izf (1-5)

In the formula, A is friction coefficient. When it shows the laminar flow (viscous
flow), A=64/Re; When it shows the turbulent fluid, A is both the functions of Reynolds
number Re and relative roughness factor ¢, which shall be determined by the experiments.

1.1. 2.2 Local resistance

There are usually two kinds of calculation methods for local resistance including the
equivalent length method and the resistance coefficient method.

(1) Equivalent length method. Fluid flows through a pipe or valve, for the loss caused
by local resistance, equivalent to the resistance losses where the fluid is flowing through
with a length of pipe diameter and straight pipe, so the straight pipe length is called equiv-
alent length, with symbols /.. This way, one can use the straight pipe resistance formula
for calculating local resistance losses. In the pipeline calculation, one can calculate the to-
tal length including the lengths of pipeline straight pipe fitting, valve. If the equivalent
length such as line of straight pipe length is /, thus, in all kinds of local resistance equiva-
lent length for the sum>/., the fluid flow in the line of total resistance losses 2 A are

2
2hi=2 ! +a’2 leu?
(2) Resistance coefficient method. Calculation of local resistance by considering the

(1-6)

fluid flowing through a pipe and the resistance of the valve with fluid loss in the pipeline ki-
netic energy coefficients is called the resistance coefficient method.

2
h§=5u7 (1-7)

where, &—local resistance coefficient, non-dimensional;
u—average flow velocity in the small section of pipe flow, m/s.

Because the length between both sides of pipe from the pressure taps of straight pipe is
short, compared to the local resistance, the friction resistance caused by that can be negli-
gible. This value can be read by Bernoulli equation by adopting the pressure differential
equation for reading program.

1. 1.3 Experimental equipment and process

1.1. 3.1 Experimental facility

The experiment device is shown in Figure 1-1. It is mainly made up with high slots,
pipes with different diameters and materials, and various valves and fittings, rotor flow
meters, etc. The first root is stainless steel smooth tube and the second root is galvanized
iron pipes, applied to the determination of smooth tube and tube turbulent flow resistance.
The third root is stainless steel tube with valve, which is used to the determination of local
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Figure 1-1 Schematic drawing of fluid flow resistance test device
1-feed valve; 2,3,5-globe valve; 4-gate valve; 6-flow regulator; 7~10-cock; 11-smooth tube;

12-rough tube; 13-stainless steel pipe; 14-inverted U-shaped differential gauge; 15-1151 differential

pressure sensor; l6-rotameter; 17-the instrument box; 18-Pt 100 temperature sensor;

19-Pt 100 temperature sensor; 20-equalizing ring; 21-pressure measuring catheter

resistance.

The experimental medium is water, supplied by high water flow of the 25 m head

through the experiment device. Water will flow into the pool through the underground

pipeline, then turn back to the higher water level by pumping for recycling.
The water flow was tested by the rotor flow meter installed in the rear of equipment.

The resistances of the gate valves and the straight section are measured, respectively, by
inverted U-shaped differential gauge or 1151 differential pressure sensor and digital display
instrument. The use method of inverted U-shaped differential gauge is described in section

4. 2. 1.

1.1.3. 2 Device structure size

Device structure size is shown in Table 1-1.

Table 1-1 Fluid flow resistance test device size

Pipe inner diameter/mm

. R Test length
Name Material Device number
/mm
[@)) (2) (3) 4)

Smooth pipe Stainless steel tube 32.06 32. 05 32. 20 32.10
2.0

Rough tube Galvanized iron pipe 36. 69 36. 68 36. 67 36. 63

Local resistance Stainless steel tube 26. 65 28. 60 28.61 28.62 —

1. 1. 4 Experimental steps and considerations

1.1. 4.1 Experimental procedures

(1) Know well with the experiment device system.
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(2) Open inlet valve 1, water flows from the tank through the overflow device.

(3) Open exhaust air valves 2~6 after closing valves 5, 6.

(4) When there is no flow in the pipe (zero flow), then three inverted U-shaped dif-
ferential pressure gauges, as mentioned in the 4.2.1.1 (4), are adjusted to the normal
state of the measurement of differential pressure.

(5) Open the cocks 7~10 to drain the bubbles in catheter of manometer in 1151 differ-
ential pressure sensor, and then close the cocks. Open the data measuring instrument pow-
er of the 1151 differential pressure sensor, record the initial value (or calibration, calibra-
tion was carried out by the instructor).

(6) Close valve 2, open valve 6 and adjust the flow so that rotameter begins to show
the values as 2m®/h, 3m?/h, 4m®/h, -, 10m®/h, with largest rotor cross section cor-
responding to the high scale value. Measure the values at each flow rate (8 ~9 points),
which is different depending upon the resistance of the smooth pipe and the rough pipe
(differential pressure mmH;O®). Write down the values shown in the inverted U-shaped
differential manometer and 1151 differential pressure sensor.

(7) Close valve 2, open valve 3, measure the local resistance of gate valve when it is
fully open.' Set rate of flow as 2m?®/h, 3m®/h, 4m?®/h and measure three points corre-
sponding to the pressure difference to obtain the average drag coefficient.

(8) Open system drain valve 5 at the end of the experiment to drain water from the
system to prevent rust and freezing in the winter.

1.1.4.2 Considerations

Opening and closing of the valves in the pipeline and the inverted U-shaped differential
pressure gauge on the valve must be performed slowly with great care in order to avoid
sudden surges due to compression and decompression that will cause damage to the instru-
ments.

1. 1. 5 Experimental report

(1) Plot the experimental results of rough pipe on the A-Re curve in the double loga-
rithmic graph paper, collate with the related formula in teaching materials on the chemical
principles, to determine the relative roughness and the absolute roughness of the pipe.

(2) Plot the experimental results of smooth pipe on the A-Re curve in the double loga-
rithmic graph paper, and calculate the error by the controlled Plato Dionysius equation.

(3) According to the experiment results on local resistance, find the average value of
& when the gate valve is fully open.

(4) Analyze and discuss the experimental results.

1. 1. 6 Questions

(1) When doing exhaust work on the device, is it necessary to close the flow control
valve of the flow tail? Why?

(2) How to test that the air was excluded within the test system?

(3) Can the A-Re relationship measured with water as medium be used to apply to oth-
er fluids? If so, how to apply?

(4) On different devices with different diameters, can the »-Re data obtained at differ-
ent water temperature be associated with a curve?

@ 1mmH;0=9. 80665Pa.
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(5) If there are glitches on the pressure taps and the edge of the hole or they were not
installed perpendicularly, what influence can be observed on the static pressure measure-
ment?

1. 1.7 Examples of experimental data recording and data processing

Table 1-2 Data example of the fluid-flow resistance test experiment
Experimental device: 3% ; Tube length: /=2m; Temperature: 15 C

Smooth tube differential Rough pipe differential Gate valve (fully open)
Flow pressure pressure resistance
Number . . .
/(m3/h) (caliber d=0.03220m) (caliber d=0. 03667m) (caliber d=0.02861m)
/mmH, O /mmH, 0 /mmH, O
1 1.5 35 22
2 2 57 38 1Y, 5
3 2.5 85 54 18.0
4 3 117 73 26.0
5 3.5 160 96
6 4 202 125
7 4.5 246 157
8 5 298 196
9 5.5 352 229
10 6 420 273

Calculation results:

Table 1-3 Data example of the fluid-flow resistance test experiment

Test times Flow/(m?/h) Remooth whe Asmooth tube exp Reough pipe Asoisghi ipereip Aroisgh pipe-cal
1 A 1. 46X 10" 0.0273 1. 29X 10! 0.0318 0.0303
2 2 1. 95X 10* 0. 0250 1. 73X 104 0. 0309 0. 0286
3 2.5 2.44 X101 0.0239 2.16X10* 0.0281 0.0274
4 3 2.93X10* 0.0228 2.59X10* 0. 0264 0.0266
] 35 3.42X10% 0.0229 3.02X10* 0. 0255 0. 0260
6 4 3.90X10* 0. 0222 3.45X10* 0. 0254 0. 0255
7 4.5 4.39X10* 0.0213 3. 88Xx10* 0. 0252 0. 0251
8 5 4. 88x10* 0. 0209 4.31X10* 0. 0255 0.0248
9 ] 5.37X 10t 0. 0204 4,75X10* 0.0246 0. 0245
10 6 5. 86X 104 0.0205 5. 18 X 10* 0.0247 0.0243




