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A measurement device for sieve plates have been designed and built at Helsinki

University of Technology. The unit consists of a rectangular transparent container

where one plate is installed. The flow path on the plate is of constant width.

The plate is easy to change and sieve plates with two different diameters of holes

have already been measured. The measurements have been done with two systems:

air–water and air–heat transfer oil. The adjustable variables of the unit are air flow

rate, liquid flow rate, downcomer clearance, exit weir height, plate configuration

including thickness of plate, diameter of holes, number of holes, area of holes,

spacing of holes and fractional perforated area. The measurements carried out are:

weeping (visual detection through the transparent walls), entrainment (with a dry

tray above the measured tray), pressure drop (manometers), vapor/liquid dispersion

(using a camera), clear liquid height and froth height using camera and measurement

scale fixed on the unit, and flow patterns (camera). The measured values have been

verified against published correlations and have been found to agree quite well.
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INTRODUCTION
The hydraulic measurements of sieve plates can be carried out in many different kinds of
equipment. The objective is to obtain knowledge of pressure drop, entrainment, weeping
etc. This knowledge is needed in designing new distillation equipment. When experi-
mental data is correlated using certain features of the equipment, like weir height, hole
diameter, width and length of the flow path etc, it is still uncertain to use these correlations
for new plate type or large scale-up factors. This is due to the fact that the flow phenomena
are not easily scaled.

Our group and the Laboratory of Chemical Engineering and Plant Design at
Helsinki University of Technology has been active in modeling multicomponent mass
transfer in gas-liquid and liquid-liquid reactors, see e.g. Alopaeus et al. [1, 2] and
Laakkonen et al. [3, 4]. The methodology is to combine computational fluid dynamics
(CFD) programs and in-house program code to describe the reactor as rigorously
as required using local chemical concentrations, physical properties, reaction rates, temp-
eratures, pressures and mass transfer. Another approach applied has been the multi-block
model where the thermodynamic and reaction kinetic details can be taken into account
in more rigorous way compared to the CFD approach. Both approaches require that
thermodynamic and transport properties are evaluated using local values. This applies
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also for the mass transfer: The aim here is to separate the mass transfer coefficients and the
mass transfer area. Thus the mass transfer area is to be modeled. This is done by using
population balances which requires models for bubble and droplet breakage and
growth. These models are functions of the physical properties and the dissipation of the
turbulent kinetic energy, which can be obtained from the CFD calculations, all determined
locally. This allows one to study computationally various reactor geometries and sizes
with higher confidence than using average values.

Our aim in this study was to obtain information to aid modeling of distillation trays
using the multi-block and CFD techniques. Once successful in modeling the measured
sieve plates we hope to be able to extend our knowledge in multiphase reactor modeling
to cover new geometries of distillation trays using multi-block and CFD approaches.
The ultimate goal is to be able to predict the performance of new internals of distillation
equipment prior to building them.

Figure 1. On left is a schematic side view of the unit and on right is shown a metal sieve plate

as seen from above. The downcomer clearance can be adjusted using a wall as shown.

Similarly, the exit weir height can be adjusted. The design allows easy change of the metal

sieve plate itself
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The design of our unit is described in more detail by Makkonen [5] and is based on
that of Ellenberger and Krishna [6] with some modifications. The gas flow from the blower
has been directed as a bubble flow through two closed tanks in series filled with the liquid
in order to saturate the gas with the liquid. When gas was saturated with liquid it
was passed through liquid separator. At the same time the liquid was saturated with the
gas to avoid all mass transfer when flows enter the plate. Liquid was pumped into the
downcomer from which it flows across the metal plate. The gas was introduced through
a distributor at the bottom of the unit and it flows through the holes of the sieve plate.

SYSTEMS MEASURED
Two chemical systems have already been measured:

. air and water

. air and heat transfer oil

There were no heating and cooling elements in the system and thus the gas and
liquid temperatures were close to the ambient temperature. Physical properties for air
saturated with water vapor were obtained from literature. In the air and heat transfer oil
system the air was assumed to be free of oil as the vapor pressure of the heat transfer
oil is very low. Density, surface tension and viscosity of the heat transfer oil were
measured.

VARIABLES MEASURED AND SET
The liquid and gas flow rates were both measured using rotameters. Similarly, their
temperatures were monitored. Pressure measurement on the unit was done with a set of
manometers. Variables used in measurements are given in Table 2.

Table 1. Properties of the two measured sieve trays

Tray I Tray II Dimension

Width 0.130 0.130 m

Length 0.337 0.337 m

Area of the tray 0.0438 0.0438 m2

Active area 0.0237 0.0237 m2

Thickness of plate 3.0 � 1023 3.0 � 1023 m

Diameter of holes 3.0 � 1023 5.0 � 1023 m

Number of holes 353 122 –

Area of holes 2.50 � 1023 2.40 � 1023 m2

Fractional perforated area 10.6 10.1 %

Hole spacing 2.5 2.5
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Entrainment was measured using dry tray method. On the tray above the sieve tray
to be measured, five sponges were used to collect the entrainment. The sponges were
weighted before and after each measurement. The air was almost saturated with liquid
vapor prior entering the equipment. Evaporation of entrained liquid collected on
sponges was negligible.

Weeping was collected from bottom of the gas chamber and weighted.
Hydrostatic pressure at the sieve tray and above froth was measured with mano-

meters. Two manometer heads were at the height of the tray and one 135 mm above the
tray floor. Hydrostatic pressure was calculated with equation P ¼ rLgh, where h is the
height of liquid level in manometer and rL is the liquid density.

Vapor liquid dispersion was examined from photographs taken with Canon EOS
300D digital camera, using shutter speed s/3200 and aperture value of 4.0 and 4.5 and
a lot of light. Pictures were also taken with shutter speed of s/4000 and aperture value
of 4.0 and 4.5, using two flashes. Focal length was from 40 to 45 mm and distance
between lens and column wall was approximately 0.5 m.

The slip velocity between entrained oil and air was measured from pictures, taken
with camera shutter speeds of s/200 and s/100.

The air was blown for 10 to 20 minutes before starting the experiments to even
out its temperature and relative humidity. Simultaneously the liquid flow was recycled
to eliminate the mass transfer during measurements.

RESULTS AND DISCUSSION

AIR–WATER SYSTEM
The weep point was visually observed and the type of weeping was easily detected.
The design of the measurement equipment was not the best for determining the
amount of weeping as the bottom was flat and it was slightly difficult to measure the
liquid amount accurately. When exit weir height was 31 mm and the Tray I (diameter
of holes 3.0 mm) was used, the weep point was visually observed when air flow
rate was 0.48 m/s and water flow rate/weir length was 3.6 m3/(h m). When the exit

Table 2. Variables used in measurements

Variable Minimum value Maximum value Dimension

Gas flow rate 0.48 1.17 m/s

Water flow rate/weir length 0.8 3.7 m3/(h m)

Oil flow rate/weir length 0.7 2.6 m3/(h m)

Exit weir height 0.031 0.05 m

Downcomer clearance 0.010 0.015 m

Orifice diameter 0.0030 0.0050 m
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weir height was increased to 50 mm, the weep point was observed at air flow rate
0.64 m/s and water flow rate/weir length 1.8 m3/(h m). When exit weir height was
31 mm and the Tray II (diameter of holes 5.0 mm) was used, the weep point was
visually observed when air flow rate was 0.48 m/s and water flow rate/weir length was
2.8 m3/(h m). When the exit weir height for Tray II was increased to value 50 mm, the
weep point was observed at air flow rate 0.56 m/s and water flow rate/weir length
3.6 m3/(h m).

The entrainment was measured with dry plate method for both trays. Results for
Tray I (diameter of holes 3.0 mm) are shown in Figure 2a. Four entrainment correlations
are shown for comparison. Tray I and Tray II had almost the same open bubbling
area (Table 1), but different hole diameter. Figure 2b shows the entrainment on Tray I
and Tray II.

Gas holdup was calculated for various measurements. Similarly the clear liquid
heights, needed to calculate pressure drop, were calculated with equation of Colwell
[11]. Pressure drop was calculated for comparison with our measurements using
the correlation of Stichlmair and Fair [12]. Depth of liquid in downcomer was also
measured. Froth height as a function of flow rates was also measured and studied with
high speed digital camera at varying conditions. Froth height is shown in Figure 3 for
Tray I (diameter of holes 3.0 mm) with exit weir height 31 mm as a function of water
flow rate. Rather large deviations from literature values were noticed for some of the
measured variables.

Entrainment [kg liq/kg gas] as a function of air flow, 
orifice diameter 3 mm
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Figure 2. a) Entrainment for Tray I (diameter of holes 3.0 mm) in air–water system. Own

measurements are shown with circles and two exit weir heights were used (hw ¼ 31 mm and

50 mm). The lines present the entrainment calculated from correlation of (from top to

bottom order) Hunt et al. [10], Bennett et al. [9], Fell and Pinczewski [7], and Koziol and

Mackowiak [8]. b) Entrainment in air–water system on Tray I (diameter of holes 3.0 mm)

and Tray II (diameter of holes 5.0 mm). On Tray II the exit weir height (31 mm or 50 mm)

did not made any noticeable difference on entrainment. Similarly the liquid flow rate did not

have any effect on entrainment
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We were not able to measure the clear liquid height directly. This is an important
variable used in many correlations.

AIR–HEAT TRANSFER OIL SYSTEM
Similar measurements for the air–heat transfer oil system was carried out as were done for
the air–water system.

For the air–heat transfer oil system both trays were studied. Measured variables
include weeping, entrainment, gas holdup, hydrostatic pressure and pressure drop, clear
liquid height, froth height and bubble size. Figure 4 shows measurement results for the
hydrostatic pressure and pressure drop as a function of air flow rate.

For the air–heat transfer oil system also the sizes, velocities and local flow
directions of the entrained oil droplets could be measured by the photographs taken
with the digital camera with shutter speeds s/200 and s/100.

The full results for both trays and chemical systems are presented by Makkonen [5].

CONCLUSIONS
Bennett and Ludwig [13] reported, that air–water test have some value if the aim is to:
predict froth to spay transition, model density corrected entrainment or define the onset
of weeping. They claimed that air–water test have little value or not at all for the industry,
if the following things are studied: mass-transfer performance, downcomer flooding near

Froth height as a function of water flow rate
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Figure 3. Froth height as a function of water flow rate for Tray I (diameter of holes 3.0 mm)

with exit weir height 31 mm. Vs is the air flow rate

SYMPOSIUM SERIES NO. 152 # 2006 IChemE

925



BK1064-ch91_R2_270706

the flood point or modeling hydraulic gradient due to frictional forces near the tray deck.
We were trying to eliminate the mass transfer totally by using saturated feeds to the
measuring equipment and measured only the hydraulic performance related variables.
Additionally, we have selected to use air–heat transfer oil system to vary system behavior
from the standard air–water system.

The experimental unit built in Laboratory for Chemical Engineering and Plant
Design at Helsinki University of Technology has been found to work satisfactorily.
Comparison of the results obtained with literature correlations have been found favorable.
Small adjustments in the experimental unit has to be done in the future, main issue is the
location of the adjustable wall (for downcomer clearance) on the plate side of the liquid
entrance on to the plate. This wall has to be relocated on the downcomer side. The
unit is useful in teaching purposes on laboratory courses as the transparent walls
allow visual inspection of the behavior of a sieve plate. Other types of plates can also
be tested in the future. The number of chemical systems to be studied is limited due to
the safety issues and the material of construction, i.e. the Perspex acryl plastic walls and
the glue used cannot resist many organic solvents. Also, pressure and temperature
ranges are limited on this experimental unit. The clear liquid height is one of the critical
variables in many correlations and it would be of benefit to be able to directly measure
it reliably.

Hydrostatic pressure and pressure drop [Pa] on the sieve tray, 
orifice diameter 3 mm
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Figure 4. Hydrostatic pressure and pressure drop on Tray I (diameter of holes 3.0 mm) for the

air–heat transfer oil system with the clear liquid height calculated with equation of Colwell

[11]. The circles and squares represent our measured points, while the lines are calculated

pressure drops by correlation of Stichlmair and Fair [12] for the corresponding exit weir

heights and flow conditions

SYMPOSIUM SERIES NO. 152 # 2006 IChemE

926



BK1064-ch91_R2_270706

Our goal of obtaining local values for bubble sizes, flow directions, clear
liquid height etc. needs some development to fulfill the needs of validation data for
multi-block and CFD based distillation tray performance prediction.

ACKNOWLEDGEMENTS
The equipment was designed by Pasi Moilanen and built in the Workshop of the Depart-
ment of Chemical Technology in Helsinki University of Technology. Neste Jacobs Oy
partly financed the study and allowed to publish the results. Funding from Tekes is
acknowledged.

REFERENCES
1. Alopaeus, V., Koskinen, J., Keskinen, K.I., Simulation of the Population Balances for

Liquid-Liquid Systems in a Nonideal Stirred Tank. Part 1 Description and Qualitative

Validation of the Model, Chemical Engineering Science 54 (1999) 5887–5899.

2. Alopaeus, V., Koskinen, J., Keskinen, K.I., Majander, J., Simulation of the Population

Balances for Liquid-Liquid Systems in a Nonideal Stirred Tank. Part 2 – Parameter

fitting and the Use of the Multiblock Model for Dense Dispersions, Chemical Engineering

Science 57 (2002) 1815–1825.

3. Laakkonen, M., Honkanen, M., Saarenrinne, P., Aittamaa, J., Local bubble size distri-

butions, gas-liquid interfacial areas and gas holdups in a stirred vessel with particle

image velocimetry, Chemical Engineering Journal, 2005, 109, 37–47.

4. Laakkonen, M., Moilanen, P., Miettinen, T., Saari, K., Honkanen, M., Saarenrinne, P.,

Aittamaa, J., Local bubble size distributions in agitated vessels – Comparison of three

experimental techniques, Chemical Engineering Research and Design, 2005, 83A, 50–58.

5. Makkonen, H.-M., Bubble sizes and local pressures on a sieve tray, Master’s Thesis,

Helsinki University of Technology, Espoo 2004.

6. Ellenberger, J., Krishna, R., http://ct-cr4.chem.uva.nl/tray/, 10.2.2004.

7. Fell, C.J.D., Pinczewski, W.V., Coping with entrainment problems in low and moderate

pressure distillation columns, Inst. Chem. Engrs. Symp. Series (1982) 73, D1–D12.

8. Koziol, A., Mackowiak, J., Liquid Entrainment in Tray Columns with Downcomers, Chem.

Eng. Process. 27 (1990) 145–153.

9. Bennett, D.L., Kao, A.S., Wong, L.W., A mechanistic Analysis of Sieve Tray Froth Height

and Entrainment, AIChE J. 41 (1995) 1611–1626.

10. Hunt, C.D’A., Hanson, D.N., Wilke, C.R., Capacity Factors in the Performance of

Perforated Plate Columns, AIChE J. 1 (1955) 441.

11. Colwell, C.J., Clear liquid height and froth density on sieve trays, Ind. Eng. Chem. Process

Des. Dev. 20 (1981) 298–307.

12. Stichlmair, J.G., Fair, J.R., Distillation: principles and practices, New York, Wiley-VHC

1998.

13. Bennett, D.L., Ludwig, K.A., Understand the Limitations of Air/Water Testing of

Distillation Equipment, Chem. Eng. Prog. 90 (1994) 72–79.

SYMPOSIUM SERIES NO. 152 # 2006 IChemE

927


	1 Introduction
	FG01
	2 Systems measured
	3 Variables Measured and Set
	TB01
	4 Results and Discussion
	TB02
	FG02
	5 Conclusions
	FG03
	FG04
	6 Acknowledgements
	REFERENCES

