Vol.3 Nos.1 and 2 2007 ISSN : 1119-8109

Journal of Engineering
and
Applied Sciences

engineering engineering technology applied sciences

A Publication of the Faculty of Engineering,

Nnamdi Azikiwe University,
Awka




Journal of Engineering and Applled

Sciences
A biannual publication of the Faculty of Engineering, Nnamd
Azikiwe University, Awka
Aims and Scope
The Journal of Engincering and Applied Scierices is an international journal whfch
publishes, in English, original articles in all fields of - engineering, enginecring
technology and applied sciences. These articles may be of theoretical naturc or may

be based on applications arising out of case studies, development work or research
results.

Editor-in-Chief
Engr. Prof. E.LLE. Ofodile
Dean, Faculty of Engineering, Nnamdi Azikiwe University, Awka
Technical Secretary

Prof. O.D. Onukwuli
Department of Chemical Engineering, Nnamdi Azikiwe Umvusuy Awka

Tel: 08063635864 E-mail: onukwuliod@yahoo.com
Editors
- Prof. S.N. Omenyi Prof, [.O. Onyeyili
Prof. 8.5.N. Okeke Prof. E. Nnuka
Prof. U. Nwuba Prof. R.A.U. Nwaobu
Prof. G.N. Onoh Dr. 1.O. Ogbuagu
Prof. H.C. Inyama Dr. A Ajiwe
Prof. N.N.Osadehe Dr. (Mrs) PK. [gbokwe
Prof. C.Q. Neho | Dr. C.C. Ihueze
Prof. M.N.C. ljomah Engr, C, Mczi
Prof. E.M, Katchy Engr. C.A. Okeke

Dr. N. O. lhekwe Prof. E.O. Ekumankama



Journal of Engineering and Applied
Sciences

Vuokming 3, Numbers 1 uuk 2

Ry

Contents

DAk, Onwen, FC. Tnvama ond
PON, Ejikeme

C.N Amvakwae
A Labbo and EX.O, Ugodulunwa

LA Mwabanne ond AAL Susu

C.1L. Nwove

15

C.H. Achebe, 5.C, Nwigho, E.C. Chinwuko 31

and M. Odhomi

GC. tpuejiofor, O, Otin, F.1. Ukoha
and E. Igbinekweka

C.C. Thueze

FAL Encmnah, C.0, Ohanenie and
B.1. Onvedika

C.M Anvakwa

FXAY Ugodhulamwa ok B, Yakubu

]
(LE. EKenia

C.l. MNwave

C.C. Movee

57

i)

I

Rheolosy of coal-water fuel Trem Engsu
el

Inhibion of corrosion of nuld sicel in
hydlrochloric acid by the leal jmece ol
chimca pieden (e faslvey mienro plimi

An Interpretation of ol intensity
aermningnetic maps of part of southeastem

Sokoto hasin

Determmation of lmit of stability of
chemical systems

EMect of porosiy on the shinkage
behaviour of Ukpor and Msu clavs

Eiogas generation: a viable cleance
aliernative energy source in south-gasien
region of Nigeria

Development of counter-current gas-hiquid
packed lewer absorplion appacatus; a pilot-
plant=scalespraject innovalion

Modelling of creep in ralfia plant Gher
reinforced plastics

The design concept and operating principle
of a voltage sensilive swiching cirenit

{VSSC)

Corrosion of surface faeilines of an
industrial concern m the Miger delta arca
af Migeria splashed by produced wator

Application of gas techngue o the
interpretation of the agromagnetic map and
Lndlsan imagery of buji younger prame
complex, northem MNigeria

Analysis and design of Myvene portable
water supply scheme

Ciseous-stale desulphurizaton al Apgbaj
0 Ore Concenirdalc

Ciptimnnm imsultion medels for one
rniemsionl stusdy stise heating



JEAS

Bmmirazd anf Pisimccnanes sl Agyihied Seiomoss ViR 5 11

JOURNAL OF ENGINEERING
AND
APPLIED SCIENCES

Development of counter-current pas-liquid packed tower ahsorption
Aapparatus: a pilot-plant-scale-project innovation

G. O Oguegiofor, O, Ou®, 151, Ukoha®, 1. iphinckweka
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d, Effective diameter of packing particle, m, o
diameter of 2 sphere with same surface-to
-volume ratio as packing patticle. 4, = 6(1-tVa,
“where a, is the surface arey of packing per unit
of packed-fower viume, ﬂl'rlt.-’m".j :
G Superficial gas mass velocily per unit cross-
sectional area of empty tower kg/ms
G Molar gas Mow rae PET Unit chss-sectional res
{kmolm’s)
£, Conversion constant, (4.18 x 10*(fp mrass Nt/
Wb forcedieg kr) o 9.806kg,, mikg,.5%
Hm- Height of an overail Bas-phase wansfer unit {m)

H ;, Height of an overall liquid-phase trangfer uniy {m})

n Packed height (mj

L. Superficial liquid mass velocity per unit eross.
séctional area of emply tower (kg/m’s)

Lo Molar liquid Now rate PeT UME Cross-sectional area

) {knu:dfmqls}

N og Number of overal] Bas-phase transfer imit

‘ Yy - Mole fraction of the solute in the gas i the top of

R,. Values obiained from the ordinate of Fig: 6.26 in "3
Treybal, 1968, p.140 -
A; Mole fraction of the solute in the liguid at the
bottom uf the column .
X3 Mole fraction of the solute in the Higuid al the (up
OF the column -
Y1 Mole fraction of the solute in the Ens ai the boftom
of the column

the column -
Pg Density of gas (kg/m')
A Density of liquid tkg/m")
£, Density of waier (kg/m’)
Hg Absolute viscosity of gas {kgfins)
Hy Viscosity of liquid (kg/ms)

¥ Constant with valve dependent i packing size gnd
type {see Table 4 of Pelers & Timmerhaus,
1981, p.756), - .
@ Constant with value dependent on packing size and

of & gas mixiwe. An exxmple is the scrubbing of sulphar
dipxide gas from 5O0rair sircam. The vppotile of an
absorber is a stripper which s 3 rOCess engineering
cquipment that is applied in Wransferring the volatile parts
from a liquid mixiure to a gas.

The major ohjectives of developing o counter-swment
Mow packed tower absorber ane;

% Experimental determingiion of pressure drop (AP) in
the packed absorption ealumn for bath dry air operation
{single-phase flow) and iigated operation (two-phase
flow).

¢ Experimenial study of the phenomenon of toding and

. Mooding in 2 counter cirent flow packed tower
absorpion appardius.

% Experimental delermination of the packing Tactor for
the 1 inch Raschig rings.

L. Review of literatyre

The two approaches availablc to the authors for the
development of the #as abmorber at tye pilod-plant scale are
the design approach and the inmli\'c-:npj dpproach.
2.1. Design appronch 0 pag abeorber development

According to Peters and Timmerhays (1981) the design of
8 packed tower requires considerstion of mechanical

type {s2c Table 4 of Peters & Timmerhaug,
N or Mumber of an overal| liquid-phase transfer unit - 1981, p.756) .
' & Fractional void volume in bed, m* voidim?
|-f."-_P Pressare drop (Nfm} of packed-tower volume

factors such a5 pressure drop. flow capacities " and
foundation load; plus the factors that influgnce ' the
eliectiveness of contact between the fluid phases. Some of
the design equations for the mentioned parameter will he

- tonsidered as follows:

Perry and Green (1997) expresses thal a maierial balones
equation giving the relationship between the composilions
of the gas and liquid streams at any print in the column {¢
simply:

G,,[I:—F:]=L,,{x,-x=] (.

where the symbols of the equation are deflved in the
rHanan, .

Leva has correlyted sxperimental data 1o obtain the
following empirical cquation for estimaling pressure in
packed beds under preloading conditions with simultaneous
counter flow of liquid and gas (Peters and Timmerhaus,
1981}

. 2
E:ﬂ]ﬂ}‘%, F—. 2)
h ' Fo

where 1he symbals of ihe equation are defined i the

nokaiiog,
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All the components of the packed abisorption lower,
namely, the packed column, the manometer, the two
ratameters and the liquid peal are ftted on o o scaffold
structure thal houses and support them. The scaffold is built
with a 2 inches (50.8mm) diameter pipe.

3. Materinis and methods

The development of the gas absorber was undertaken al
vy project sites, namely the workshops of the Scientific
Equipment Development Institute (SEDI). Enugu, and
Chemical “Engineeting Laboratory, Mramdi  Azikise
University (NAU), Awka. The development process
entailed the production of working sketches, fabrication of
compeqents.  assemblying  of  equipment, fitting  of
auxiliaries and piping, and wiring of the apparas. All of
these processes resulted in a compact unit caplioned Packed
Tower Absurption Apparatus, as would be elaborated in the
following subsactions.

A1 Production of working skerches

With high definition application software, the details of
the gas absorber phutographs recorded with digital camera
were exposed with high-resolution images. Dimensioned
skeiches of the gas-nbswber components, namely the
packed column, Raschig-ting packings, packing-suppeort
plate, water seal, liguid rotameter, airfgas rotameter and
scaffold siructure were produced from the high-resolution
imapes,

1.2 Fabrication af conpeneins

The steel componets such as scaffold and rolameters
were  construcled in the Machine and  Fabrication
Workshops of SEDI, Enugu, while the glass componenis
like water seal, Raschig-ring packings and packed column
were made in the Glass Blowing Waorkshop of SEDI,
Enugu. Every material used in the fabrication of the gas-
absorber components hos underlying reasons for  their
cumsideralion and selection. Table 1 shows the various gas-
absorber companents. the materials used in fabricating them
and the rationale for the choice of materials used in their
fabrication. With the selected and specified materials{Table
1} the gas-absorber components were produced,

Thus the plass water seal and the Raschig-ring packings

were products of the Olass Blowing Workshop SEDI,
Enugu. The dinch diameter glass column was purchased dnd
Bmm diameler pressure tappings were fused onto it in the
Glass Blowing Workshop, The air/gas rotameder, the liqusd
rotameter, the scaffold, the pocking-support plate wers
produced in the Machine and Fabrication Warkshop of
SEDI, Enugu,

£ Equipment azsembly

The finizhed componenis were tradsparied o Chemical
Engineering  Laboratoey,  MALL,  Awka, .where the
scaffoldfsupport structure was erected/Titted and the gas-
absorber components were assembled on and within the
scaffold struciwre. Figure 1 shows !hc_plmtqgfa‘pl'! al the
gas-absorber afler the azsembly.

3.4. Firing of auxiliaries and piping

Table } shows the auxitiaries selected and purchased.
their capacityftechnical specifications, the reasons for their
selection/general properties and their various purchase costs,
Also Takle 3 displays the plumbing materials, their
specifications, the justification for their selection ahd their
purchase costs. By fiting the auxiliaries selected and
utilizing the plumbing materials in Table 3, the pump and
tank were piped to deliver liquid to the top of the packed
tower and return it back o the 1ank after fowing through the
Raschig-ring packings. While the air compressor was piped
lo supply air io the botiom of the packed tower and
discharges tq the atmosphere afier air-liquid contacting in
the packed tower. '

3.5, Wiring and leak-tessing of the appeareing

Table 4 displays the clectrical malerials chosen for
wiring of the apparatus, their specifications, reason For their
choice and their purchase cost. The fitting of the =elected
switches and mnnaﬂ‘ing thern with the appropriate wires 1o

the liquid pump, air compressor and mains uupply nuulmd

in rhtmmp]utmn of the apparatus.

Figure 2 shows the pholograph of the Packed Tower
Absorption Apparatus afier completion. also, Fig. 3 is the
schematic diagram showing the main features of the Packed
Tower Absorption Apparatus and their flow directions/ flow
sequences, The total material cost for the fiting of
auxilianes, piping and wiring is 8 53,780.00. (See Tables 2,
3 and 4).

The Packed Tower Absorplion Apparatus was leak-

tagted by switching on the centrifugal pump and rotary:

compressor and observing the Mows through the liquid and
air plpmgs The identified lzaks in the liquid-Mow channel
and the air-flow ducts were sealed with Ilngil gum, and
super glue. The apparaius is thus ready for I::.pl:nrnt.ntﬂ
trials.

4. Hscussioh
In comparing the design and innovalive-copy lppuuh;.u

to developing the gas absorber presented in thia report, it
could be said that the innovative-copy spproach may be a

rapid approach to prototyping pilot-plani-scale gas absorber.’

This is because the innovative-copy approach skipped the
design stage which could have incurred some cogts in terms

of monetary expenses, time consumed and efforts applied in

‘executing the engineering design. It should be remembered
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that  cogincering  design  may be cumbersome  in
cakeulaions/predictions of design data, and production of
desigh drawings.

Despite these difficulties, undertaking an engineering
design may offer some benefits such sz scademic
excitement and imtellectunl flfillment. However, for this
project, the innovative-copy approach which exploited the
cxistence of Corning packed absorpiion tower at the IMT,
Enugu, has proved 1o be a short-cut approach o developing
packed tower absorplion apparatus.

5. Conclusions

The development of packed tower absorption apparaius,
al the pilot-plant scale, by innovative-copy approach, which
cxploited copying the existing engineering desipn, and
modifying it Tor cost reduction and materials’ availability,
was successful. The packed 1ower absorption apparatus is
ready for experimental trials,

Thercfore, it is recommended that experinentsl
trialy be carried out for the purpose of accomplishing the”
foflowing experimental objectives,.namely:

{a) Determination of the packing factor for %' inch

Raschig rings in a packed tower.

(6] Investigation of pressure drop for dey air-Mow, and
irrigated operalions in & packed bower.

fel”  Siudy of loading and flooding of a packed wwer,
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Tahle |

Materials selected for gas absorber components .

Absorber component Material specification __Reason for selection/general properties

Absorption Columin Glass of Jin (76.2mm) diemeter by Glass allows visual observation. of liqtdil-gms

H{1.524m) height with thin wall,  continyous contacting. However the thiniwall

glass can withstand atmospheric operation ahd can
carry the weight of glass packings.

Facking Material Y in {6.35mm) Raschig rings a}Rasching ring provide a large surface &red for

made of borosilicae glass

Packing support plare

staggered perforations

Liquid distribsior
shower rose

Liquid seal 2 0t (0.609m) high by 1.5 in
(38, 1mm) dizrmeter U-tube made of
borosilicats plass

Manomcler Bmm diameter borosilicate glass

forged nto o Ul-tube. of 24 in

{609, 9mm) height

Manmmetree wbe

¥ in (12.7mm) thickness by 3 in
(76.2mm) diameter Teflon  with

3 o (762mm}  diameter PVC

Smm diameter iransparent iuhing.

intimate/contact between gas and liquid

b} They have an open sirocture that accounts for
lovwr resistance bo gos Mow

c} They promote uniform liquid distribution on
packing surface ’

d) They promote uniform gag flow scross the
column cross-section

) Teflon is fairly sturdwfiough and cam carry the
weight of wet packings -

by The perforation allipws free passage of pak and
tiquid, =0 that local Aooding 13 avodded.

a) Shuwer rose ensures a uniferm and adequate
liguid spray on the column cross-séction.

b) The spray liquid relies on gravity Aow
throwghout the height of the column.,

The seal prevents. gas from cscaping from the
beatiom of the tower, Water will be used becaupe of
its cheapness,

This enables pressore drop to be measared from
the lappangs provided below the packing suppor
plate and sbove the top of the Rasching ring
packings, The tappings are connected by flexible
hose 1o the Fmbs of the monometer,

Transparent twbing is cheaper than its equivafent
copper or slainbess stecl ducis.
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MManometrc lqud

Waler

a) Waler is’ cheaper than merciry of biny other
mancmeric Muid

b) The density of waler s 13 tmes less’than the
dr.ns:l:.r-nfﬂth'ﬁ'll-:nl mercurl; |mwﬂ’ 243,

[igusd Rodametar

Air Rotlameter

ScalfoldRg

Cilaze whe transparently calibeated
for the ranpe of 1.8942.18.943
cm'Ys and housing a brass float and
needie contral valve,

Glass whe transparendly graduated
for the ranpe of 314632 10 31 4632
em's and also harbouring a brass
and a needle contro! valve.

1¥ inch {38.lmm) diameiet steel

600 kg/m'.

4) The transparehcy hllows visual obtervation dnd
read-oul of the Tloal displacement Vadd “the
measuremeant scale.

b} The necdle valve enhances fine dontrdd of ligiid
flow rate.

The wransparency enables visual observition smd
measurement of the level of Moat susphsion’ by
gas stream, The needbe valve improves fine control
of air Row rale.

Stec! pipe is sturdy &nd can ¢arry both the absorbet

pipe.

Table 2

Sebected packed ywer suxiliaries

components and the human user,

Auxiliary Capacity/Specification Reasom  for  selection'General PI.I'I':"IIH'E'DI:HH}F ’
Properties ' ] -
Centrifugal pump 1 bworse power {hph delivering *a}  Centrifugal  pump  ehsures W G000~
Make: Manquis 20-80 liters/min ond rated at 220 - continuous  Jiguid  supply  ond
Wolts, 50 Hr single phase power  minimizes pulsations  during
supply. delivery, at any Mow rate.
B} The capacity of the punp is
sufficient to flood the packed tower
during investigation of flooding
phenmmenan.
Rotary Compressor 1.5 hp outpud rated al 380-415 The capacity ensures the M28, 000
* Volts, 50 Hz for 3 phase power vy of mir supply needed 1o
supply mairlain  contineous  gas-liquid
contacting in the packed column
b} "I_;Iu capacity ensures . that
appreciable pressure differential is
obtainable form  the differemial
manameter
c) The rolary compressor  with,
discharge at the top ensures that il
is not endraingd in the mmph:aﬂd
air supply.
Liguid Tank 100-liter PVC  {Polyvinyl a) The lank capacily is muug.h o - ML, 800
chloride) eylindrico-vertical  ensure fluctugtionbess liquid supply
tank ta the pump; rotametsr and packed

column, at any fow riie

b) The material of construction -

PV is resistant 1o cormosion and
ensures. rust controk

¢} The material of construction PYC
is inert 1o liquid solvents used for

ghs absorption.
Total

M35,800




i

alakes

Seheoned plusnhang: Gnisgs for pipiag of the sheorption agpaiaius

Fid ddunyipefer o ml, £ Seeaf af Ergingeving and Apgilicel Se pemaea R AT

Beason e .';a;.'-ljl.:'limufu_

" Quantity

" Unit Cost Purchase

Firlims Specilicalim el
o Cienceal Propertics — it Ciwst (M)
N e Uil (25 Anam) diamete 'V i resistant o | length 2,800 . 2, B00
ehefusion  and  gRsres
that vnad is controlbed
Ve all valve 1l €25 dmi elismeter Sanee as abave 4 201 800 .
PV mimnigenn o lei I oroeln 425 Arvh oBlnmeger Sanwe w5 almve A 150 (L
W e e I iaets £ 25 4emy dinmeetor Same as alwve (] a0 45N
1% bk ol I oeecls (25 A ) dinawsder S an almive 3 103 LY
1" hushiog el 25 danany dicoseder Banw as alsve a 150 HH}
I T enectw 1 anch (25 dmm ) dimeie Kamne as aluwe 1 [t ]l 10k
[Bexilsle pipe ¥ inch & ch How Same: as alwe 1 150 Ll
crmmecion nucly of dliameler redwetien
ikl
R Tangit pum honcds with 2 lins 350 T -
PV Biomby s s
Uit senls are e gl
Table <
Selocted chectical littings for wiring of the ghsogtion apparans N
Faltaags Lpealicalion Rensan lor selection Ouantity  Unit Cost Purchase
) General Properlics (¥ Cuost (M)
CCrabiren bopliasie :aw'rl_q_'h"‘_ Rareld w1 o Amps, 415 D) Compatible with 7.5l 1 4, 5Mi 4,506
Wodis, S0 [lx wifh circuil  air COmpcssi.
Bromkar. 3 Corsialiiang cirenit
Bpenkrer [ coangsressor
jareslectnm.
P [y Dheshy swite®e Waned af 6 Ao, 230 Vodis | Connpatible with | bge  § KD 00
wille prilid lamgr sinple phase powers supply. . centrilfugal pump
23 Inmdicatesr Bmp
mipnals power presence .
Federal Blectrie 3ophase  Rated ar 125 Amgps 415 Mains  supply  continl 2506 2,500 .
switch Viba, S ITe  3plase swabcl el governs power
s supyly spjly I coamnpressar sl
mp. )
Wire 35 pon’ docone flox for 3. Wikng of 7.5 hp oaw Gyads 400 240D
Pl cimepressor. COMPTestor, o
Wire b5 mm’ Yeore Nex G Witing of | bp centrifugal 6 yands 21 Il 500
zingle-phase pump winng. g
Tioal WilA0
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Fig. 1. The photograph of the packed absorption

\ower after the assembly. Fig. 2. The photograph of the packetl tower

Absorption apparatus after completion.

—

Symbol ! Packed Tawer
F,: Liguid rotameter

E,: Adr/gas rotameter

W ,: Bye-pass valve

V,: Liguid main line valwve
v, Liguid rotameter valve
.- Compressed air VNG
W, Adr vent/gas inlet valve
V_: Adefpas rotameter

S: Sample point

- Flow direction

Licuich tank

Fig, 3. The schematic diagram ghowing the main features of the-packed wowst phanTrion apparaius.
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