Hvdraulics of a Packed Column

Introduction

Packed beds are widdy used in industry to contact two or more fluid phases at relatively
low pressure drops. For process design purposes, it is essentid that pressure drop be estimated
for its proper operation. Physcd desgn characteristics of columns - paticularly packing type,
gze, and column dimensons - can greatly impact neighbouring process units and the load
induced upon compressors and pumps.

The advantage of usng a packed column rather than
just a tank or other reaction vessd is that the packing affords a

larger surface area per unit volume for mass transfer. They are

readily used in indugtry for cataytic reactions, combustion, gas
absorption, didtillation, drying, and separation processes. One l =
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example where packed beds are employed is in a sulfuric acid  #
: Idstrial ked Columns

plant. Water vapour or silfur trioxide is absorbed from the gas

phase by a counter-current stream of concentrated sulfuric acid.

The codumns shown in figue 1 ae made of auminum rr

(stainless ded, fibreglass or polyethylene can dso be used),
and are robust and durable.
Packed columns are dso used extensively for pollution ﬂ

control. Figure 2 shows a WMT packed column that is used to o
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H,S usng a counter-current liquid-gas flow, and prevents the ,
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scrub H,S gases from a waste stream.  This process trips the




harmful gas from reaching the atmosphere.

To predict the behaviour of physca and chemicad processes, it is convenient for the
desgn engineer to use mathematicd models. In this experiment, mathematicd modeds are tested
agang experimentad data usng water and ar as the working fluids in the column. Trids

involving dry packing, wet packing, and irrigated packing will be explored.

Objectives:
to design experiments to test mathematicad models pertaining to packed columns
to understand the concept of pressure drop over the packed column under different fluid flow
conditions.
to interpret the values obtained experimentally and theoreticaly.

to gpply the concepts to industrid gpplications.

Theory

Severa empiricd correlaions exigt in theory to predict how packed beds will operate,
relaing pressure drop to fluid velocity, fluid physical properties, bed porodty, bed geometry,
paticle 9ze, and particle sze digribution. One of the most useful is the Ergun Equation. It is
unique among many modes because it covers any flow condition (turbulent, laminar, or

trangtiond). It can be expressed as.
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wherex =particle diameter
e= bed voidage



U = gasvdocity
H = bed height
rs = fluid dengity
m= fluid viscogty
The fird term on the right dde of the equation represents the laminar component of the flow
while the left Sde deals with turbulent flow.
Another modd commonly used when deding with packed columns is one developed by

Leva. Itisexpressed as:

DP = C,10%Y v ,U,> - irrigated (2
DP = Cyr U/ - wetted (3
where C,, C, = packing coefficients (Perry’s[1])
The two eguations shown agpply in different Stuations based on the fluid flow through the bed.
Since the water and ar flow rates will vary a great ded in this experiment, it is appropriae to use
these equations because of their versaility. It is aso useful in this experiment because the three
vaying terms (density, pressure, and velocity) can al be eadly controlled and thus the equation
can eesly be manipulated. (Note: these are but two references of many that may be applied.

Students are encouraged to find the “best” to describe the behavior witnessed in the lab data)

Apparatus:

The exiging apparatus in the lab is illudrated in the Process & Ingtrumentation Diagram
attached. The arrangement of the pdlets in the column is known as dump or random packing,
which smply means that the pellets were not placed in any specific pattern.

For pressure measurements, there are severa points aong the line where the gas pressure

is measured. There are three manometers on the pane that represent the orifice (mm H0),



column (mm H,0), and the blower (mm Hg). There are dso thermometers located after the

blower, after the heeter, and at the water inlet and outlet points.

Column Specs.
ID: 6"
Packing: 3/4" ceramic Raschig Rings
Packing Height: 591t
Air Supply Pipe:
ID: 291"
Orifice Plate: 0.875"
Motor: Generd Electric 3 HP Induction Motor
1745 rpm
208V,95A

Water Flow - variable:
Max Flow 1.96 USGPM
Air FHow - variable usng bypass vave
- measured using orifice plate
- blower supply pressure given by manometer
Air Temperature - variable usng rheostat
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Pl - Air pressure fron blover

P2 - Pressure upstreon of oriface

P3 - Pressure downstrean of oriface
~ P4 - Pressure at botton of column

P5 - Pressure at top of column -

T1 - Tenperature of air ot blower

12 - Tenperature af botton of column

13 - Inlet Water Tenperature

Bl - Blower
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