
i

«—:STMMMAMCffiAM

BY

HOJEROWO, KEHINDE LEKE

MATRIC. NO. 2005/21614EA

•i

E

t
• vr

\

i

] . ' j E
1 BEING A FINAL YEAR PROJECT REPORT SUBMITTED IN PARTIAL 1
i pcmENT OF THE REQUIREMENT FOR THE AWARD OF BACHELOR** |
! ENGINEERS (B. ENG.> DEGREE IN AGRICULTURAL AND BIORESOURCES j
I ENGINEERING. FEDERAL UNTVERSITV OF TECHNOLOGY, MINNA, NIGER I

STATE.

JANUARY, 2011

\
IE

I



DECLARATION

!hereby declare that this project work is arecord ofaresearch work that was undertaken and
written by me. It has no, been presented before for any degree or diploma or certificate at any
university or institution. Information derived from persrmal communications, published and
unpublished work were duly referenced in the text.

I* illf

3 Date
Ikuerowo KehindeLeke

i

3
A

t

j
s

i
\

I

1
r

«

I
i

f

\ i

\ f

i

4

l

i
i

l

J
i

4

J



CERTIFICATION

oegree of Bache,o, of Engineering (B. ENO.) of the Federal University of Technology,
Minna, and it is approved for its

presentation.

^
Engr. Dr. P.A. Idah

Supervisor

Engr. Dr. A. A. Balami

Head ofDepartment

Qkt*-^^

External Examiner

contribution to scientific knowledge and literary

^j^h-U—
Date

icn

Date

W 7-oif

Date

in



This project work is dedicated to

my course ofstudy.

DEDICATION

God, Almighty for making it possible for me to complete

IV



ACKNOWLEDGEMENTS

r AAlmiahty for his protection, provisions, guidance andMy profound gratitude goes to God, Almighty, tor

wisdom. Glory be unto your holy and powerMname.

| To the enure staff of Agric and Bioresources engineering department IWeciate your Jj impactsinmybidtobecomeanAgriculturalandBioresourcesengnteer. J
I-^--^^p-*-'•-^,ta-"'*•*•,,,,,',-,-"I |I ^bomi.othisworld.^Godgivemethepowertogivemybes.asachi.dtoyo,

I

t«c;« navn and Taiwo, you allhave beena sourceIalso want to appreciate my elder ones- Tosm, Dayo and laiwo,y
\ 1 aiSO warn iv> »Kt"—* J |

I • \\ ofinspiration to me. *

I T0my ffiends -Foluke, Toyin, Amaka, sarah, waie and Banie,- you have been asource of J
| encouragement, fun and challenging to me; meeting you adds meaning!* to my hfe.

i

I i
\

{



ABSTRACT

„tMs study, acentrifitge was designed and fabricated to separate cream from raw n,k ataomesficleve,rhefabricatedn.ttne^testedto^ssiUperforn^.Ther^so
domestic leve rf ^ and

i ^ +w from whole milk ot u.uu/ym.fte performance test showed that from who
. , « ™mm,,«*ofooeration of the machine. This gives

000058m3 of cream was obtained after 38 minutes ope
84% efficiency of separator, The result showed that with further improvement, the
aI^-*--^-*».-*--*•ta-te,',-,,,,-,-*to•h,,,,
stick being currently used by the processors a. household level.
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CHAPTER ONE [

I
1.0 INTRODUCTION I

11Background ofthe study j

^tawmUkfromthecow— bo.,tand m. and need„ separatedm^o.
components (McGee, 2004).

a++W household level,theTheprocess.snormallytediousandrcu.esmoreenergy.Atthehous
• ,hB bowl using some sucks. This process is time

««isusually carried out by spinning me bowl usingp^sisusually gmilkataiesmal,andmediumsca,elevelisan
consuming and labour ui.ens.ve. Processmg^.ive^hencemfroducn.gnew^bnolo.esUia.canreducemeenergy
^eaUyenhancemincp^ductiona.thehouseho.dlevel.

b„os,*e^eandhencsfte»eedforpresentsn,dy.

1.2 Objectives

The aims ofthe project are;. .aesignandfabnca.eacen.fugemat.Usep.temilkfromcreamfromeasily

available material.
. Tocarryoutperformance.stonmeiabrica.edmachme.

r

\
\

I



1.3 Justification

1 providetechnologi,sthatwillensurequalityandsafety
axmedatbrmgingalboutsuch innovation.
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i



CHAPTERTWO

2.0UTERATUREREVHfiW

2.1 Milk composition .uousandversauletbod.Peop.een.oydnnk.n.milkin.ts.^fonn,
^saverynutriU^dudtagcream, bu«er, y0gu, cheese,

^alsouseittomakeawide^eof P• ^^^ mcludhig

.ows.soa^sheep.camels.remdeer.buflaoes,

0 ent water The remaining10 percent cons** of
MostmilkiscomposedofSOto P«c fets catbohydrates,proteins,

_,,.,„„ bodv for good health, inctadmg fets, catbonyAemaiornutrientsneededbythebody ^ 3to 4% protem, 4to ,
row milk contains approxnnately 87/ootwat

mi„erals, and vitamins. Cow milk wttvDlcally contains about3.5 to 5
, lately45% milk sugar (lactose). It typ '̂y

4,./„feB,andaPprox.»ately . «supp„es.asteandtexhue,
p-*-*-*-*-*—.-* l^t^ebodyisunabletoproduce:• . nF and K, as well as certain fetty acids ma
and vitamins AD,E, and k, rreq can be seen in table 2.1• «fmi\k from various sources can oebc(McGee,2004).Thecompositionofmilkfro
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J

Table 2.1-.Composition ofmilk from various sources (/100g)

Cow Goat Sheep Water

Buffalo

~8lT

4.5

8.0

1

Constituent unit

Water

Protein g

Fat
g

Carbohydrate g

Energy
Kcal

Energy
KJ

Sugar g

Mono-unsaturated g

Fatty acid

Polyunsaturated fetty g

Acid

15m^rsir^i^^2009)-

87.8 88.9
83.0

3.2 3.1
5.4

3.9 3.5
6.0

4.8
4.4 5.1

4.9

14 10 11

120 100
170 195

2.4 2.3
3.8

4.2

1.1
0.8

1.5
1.7

0.1 0.1
3.0

0.2



ILlPhyskalp^pertiesofmnk physically,

• Wandfmidw«cu-tmmreegenerals«eofdispers.o,0.eCoarse
ItcOTtauisfatanfc ^ by lts partic,e diameter «Bck,es. ,.,
colloidal and molecular dispersion;

1993).

Milk is a, emulsion or collo ^ blue litmus paper red.

phosphate content ofthe milk,tne p

(Eckles efa/., 1993).

JUB*I«-* ..^..htlyheaviermanwaterandbousatl
^--.(l^—**»»'SShgh,,yhea ofl0017oCwhenillAtlyabove»atofwaK,M.lkboi,sa.Kmpera»reof100.17

temperature slightly aoovc
^isheartfetglobulestendstoforminduster.

increase in viscosity. It is genera y
dia„ges*iBP1aceiu»em,.k(Bck.ese(aM973).
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2.2 Cream composition
i .m fmm time immemorial as the

ftt rich component and has been known fromtim
Cream isa fat rich comp • fthemilkwhenleftundisturbed.Creamm.iy

fathasbeengatheredandwhicn ktoown as cream, mIndia, |

2.3 Methods of separation

Sedimentation and centrifogation are
solldsfiomliquid,Theseparationiscamedoutby
gravity or centrifugal forces (Leung, 1997).

• • ^cauyusedmthedairymdus^Centrifugation is typically use
• fmi,kand the concentration ofcream (Svarovsky, 1999).

skimming ofmilk ana u«=
• edtoseparatemixtoresoftv.ormorephases,oneo^

Cenmfiigationisusedtoseparate ^
t. The driving force behind the separation is Hie ditt

acontinuous phase. The driving acCelerateAby, h esBvusingcentrifogalforcestiiesepa^onprocessisa
between the phases. By using on fa

•i. The force generated depends on the speed anrotating the materials. The force g, theskimmedmilkisihecontinuousphasclhefetp
raw milk for example, the skimm• .ohaseformedoffatglobuleswithdiametersofsomemic
discontinuous phase iorm*

6

miscible liquids andused toseparate imi
the application ofeither natural
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i

. , ^ uadercelKstraw^Whenmedifferencesm
phase consis* of solid particles, hairs,^tyare^eandtimeisnotalimitrng^separationcan
(Zhang and Weng, 2006).

w.1Tradi«ona.meihod ofmi* separation.
• atoedmroughanintemewwiuiourlocalfarmers.mere!

^°C^-odslsfl,^-sm,l^sofmilkare
setting methods These m ng

,, „/ (1993) refers to these methods as grav ry
produced. Eckleser el, {}*»>•

,• .omepans When still warm, me pans are placed ma
The milk is poured into the pans, V*ironment where the separation is accomplished by g

———^^l^^etopandd.ensknmnmg.sdone.T.em.lk
—^"^tlldthec.am.sremovedw.ma.nskunmer,
The cream collected is also shaken vig
ar.dthetwoconten^aretottdlysepamted.

23aWa.erdau«i.n method of .»»* separation
• ddKltowholem,.k.theviscos,Wof,he»i,k,sloweredand>his

"^ 2 ^a.ewofcontentofu.e-.Separauonis
aoovewhichisastnpo«- ^ ^^^ Kdained ou,.rough m,

f^The^ l rime.tca^.bese.mted.mpletelyfrom^mi,
(1993) said that using this metnoa,



233 Separation by gravity
• •diversion ofsolid particles with a

• _vessel containing a dispersion. Batch-wise: this occurs ma ^des Mto the bottom of&e ;
i- mt« time these heavier particles tain^erdensi^mel.cuid.mt.me ^

vessCHmeheightofmevesseUsshorienedandthesurf
sedimen^ontunecanbereducedCKopf^. ;

-^fteslurredparncles^troducedatonecndofme,. Co„tmuous:thel„u,dcon^g*esta^^^
ptocessandflowstowardsa.overfrow.Thes*
L.creasedbyaddmgbafflep.atesChor.on.lorinCn.).

^MakSeparattonbycentrifugaHorce

Centrifuges are classified into three groups

•rtrifuaes forclanfyingliquidsbytheremovalof
. soM bowl/nozzle valve discharge centres, f

small amounts of solids .
.ntuses for dewatering sludge (with! high

„+;«a ronvevor centrifuges,»» «. Conveyors bowl/reciprocating convey

solids content).



2J41T»b«lar/discb.wlce.trifuge

a* »stationary casing. It« usea u>

a„nu,arlayers,w,*uiedenserl.qu.dor«hes

oowlcenurfugcthecyhndncalbo ^ ^^es operate at 200q-
HavetotravelashortdistancetoachievesepamUoaTh
7OOOrpmandhavecapac,uesofupto150000,m(Kopt2009).

, nrtfuge,smesimp.estso.ids^qu,dcen«ifugeandisusen.l*hen
AS0 lberemovedfiomtagevo,umesof,,uid,tcons,sBofa

ro.ringcylindncalbowl.Uo.uor, ^ ^
.wlwallwhilemeliquidspiUsoverthetopofthebo . ,

.. „,e cake to be removed. Liquors contammg n.gntobestoppedtoenablemecake edlscharge centnfuges, Theses„llds,..e.>3%wM,canbeseparatedusmgno.teo ^
roodified d,sc bowl centrifuge withadouble conical bo^trifcgesareamodifiedd ^^fcgesare used to treatedjuices,

dl,hargeofsoHsautomaton,TheseWesofc«,tt . ^
~* cells They have capacities ot up to^randstarchestorecoveryeastcells. , mICro-organ.sms

.peciaitypeisme-^^.^—*te,8nedt



j tornmilk.Bacteria,andparUcula,lyspores,haveahigherdensity«hanmilkandme
•I

\ solids are called bactojugate (Costa, 2009).
3

] 23.43 Conveyor bowl/reciprocating conveyor/basket centrifuges

casern from skimmed milk), 1. sepamte coffee, cocoa and tea slurries and ,0 dislodge

than the screw conveyor. This causes me solids to be conveyed to one end ofthe

(Costa, 2009).

The reciprocating conveyor centnfuge is used to separate fragile solids (e.g.

] toyerofcakehasbuiltupitispushedforwardbyareciprocatingarm.

• to4emrees.gesofmecyclemefeedUquorfirs.enterstheslowfyro.tingbowl.uie!
speedisfter.mcreasedandsepamuontakesp.ace.finallymespeedofthebowlis ; t
reducedandmecakeisdiscl«edmroughmebase.Capac,tiesftrte | |
centrifuges are up to 900001/h. (Costa, 2009).

10
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.rommememodsdescnbedabovcmissmdyisinconforniitywidimeoperauon
ofnied^bowlcemri&ge(OmmM,1967,eXceptma,memnercy.,nder,sfixednia

stirring ofthemilk.

2.4 Early development ofcentrifugal separation machine

• j a ^ai^ rentrifuee was then invented towhirling arm apparatus to determine ta» Adairy centnfug
separate milk from cream.

i

I
t

V

\ .1 „+«,+o,4 makine its ft«4«fii«i1 seoaration was demonstrated making itsIn 1984 the first continuous centrifugal separaxio

j standMd^onofmilkandmi.produc.andinproducrionofcream.unngdie ^

| irsseparatedmtoacre^.rtionands.ememi.po.on.Themilkshould.at.e
temperat„re around 40°C before entering the centnfuge.

^ f*,. milk from which butter is made containsCream.thick.l.ghtyellowporhonofmem.lkfrom
•IV butrich in fat varyingfroml0to70percentbunerfatbythesameconstituentasmilkbutnchmta^v y svveigh.Creamusedforhouseholdcomesmd.fferent^.Thelightcreamforn.jn

airvformwhe„beaten.Becausecream,„^termansk,mnu„mecomponentof*e

11
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(McGee, 2004).

—.———tr«-—i•lk Varving amounts offat are removed from the raw
offet, from raw milk. Varying ^-, .wt.milklfthefatcontentisloweredtoS^percen^m
^ffWent kinds of fresh miiK. u uic «

• „ w i oercentor2percentfat. Skim milk, or non-,aswholemilk-Low-fatmilktypicallyhaslpercentor
• „.«thecreamitcontainsabouthalfafatmiUcistheliquidmatremauisafterremovrngallmecrea

percent milk fat (Zhang and Weng, 2006).
O^t.eMlevelhasbe^reducedtomedesuedleve.mostfreshmifkis

. „f * rream layer. Homogemzation is^tnoreventthe&rtherseparationofacreamiaye
h .tn^underhighpressu.emroughsmallno^es.The^;accompl.shedb,forcmgho.milkunder g ^ojder
globu.esbecomesosma„ma.meyremameven,ydKpersedm gh
•urei.safe^orhumanuse.almostallmi^undergoesPasteun.a.ion.inwhich

1 bacteria.

, c de Anulkmustbemamtainedata«empera«urebelow4.4C.I,fs

12
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Remember temperature is liie
and storage. ^- Anvdattso„nulkbeforeyoupiuchase.Harmfu,bacteria^growrap,d,y.nmi,kabove40^

(Zhang and Weng, 2006).

2.5 Construction ofcentrifuge

^M«-«-i.----*'---'",M4-h,",-,*,"tRehousing where it is men directed into the rotor. An ;
volume between the rotor and the housing, wn

^^-^-p--*.*----''•*-d-,,,-'**•d,^, ^_nenGd.rectedtores^eouto.,oneembod,mentofflie,ven,,o,theupPT

dlrectedftom,e^mi,ngv„mmemtouterotor,pretob,y,ne,udesap,uBhW,.
ra.ialvanesmatarecurvedinmed.recrionofrot.ionofmero.ortoassis.ind.ectmg
(ta^———^ce.Co.lectorrmgsforu,eseparatedMmponen.
orovidedfiomtheuppertotorassemblyarepre^blyfonnedmtegrallyinmewallo^

streams (Eckleset a/., 1993)

j
i

13

most important factor. Check the expiration
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1

fv,.at throudi me inner cylindrical^.ea.ofmeshaflanda.soon.econd.uonofheatduo
vrfltofteproduccomparunem.

26BmcieBcyof*«centtif»S«
. ,™r,nerlv operated, leaves, n993)i»dicatedthat.agoodseparatorproperly

^^^ Afatcontentofmore*an0.03%,sa,dto«eanma,
pracncaflynofatintheskimm.lkAfatcont

• 11 i^nprfect orincorrectly operaieuthemachmeiseimermechanicallyimperfect ^ ^ ^
t„r that is properly ad usted, it is possiblee^lamedthatwithaseparatorthatisp

fatto 0.02%

2.7Daiiryhygiene llen,mediumfor»emulup.,catio.ofbac,eriaofmanykmdsand
Mitt ,s an excellentmediumrme mdk me more rapidly me bactena mutaply. There

the warmerthe mil*, uu=hygienemo,beobsKved(Barre.andUrkin,1979).

2.7.lP»s.e»ri«.tfo»<'f»'ak mmt (usually performed bolow„l»tivelv mild heat treatment, (usually p
Pasteurization is arelatrvelym

„ Jthe shelf-life ofmilk &r several days. It prese10O°C)whichisusedtoe*tend,heshelf ^flM^
• f on7Vmes and destruction ofheat-sensitivemllkbythemact,va,,onofe«ymesa ^ rf. ^

• i Ranees to the nutritive value or sensory chntcausesmuumalchangesto .^^afewdays.butmese.^erraSomeheat-resis^tbacteriasurvivetospoilmemilkaf.
d0 not cause food poisonmg (U-ngree, 1972).

j a ,„ destroy 'target1 micro organismsThetimea.dtemp^turecombmationneededtodest.oy g
totoanumber ofcomplex inter-related factors. For null, me hea,

will vary according toanumuc

14
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1 producrion^n.ybep.sib.eusingatobula.-coilpasteun.r.Thisequipmen.h.bee,

] \
* developmental stage (Eongree, 1972). |

i 27.2 Sterilization of milk |StorUrzahonisamoreseverehea.^entdesignedtodestroyallcon.anmaring
I bac,ena.Them,,kiss,erdi^atatemperatoreofl2,Cn^n.medforl,20mmu,es|
i ^canbeach.evedusingaretortorpressurecooker.Unlikepasteun.at.on.thisp^s

j coun*,eS,flavouredrmlkhasbecomeaverypoputeproduc,(Scott,,9S9).
! However.stenl.auonisnotreco—

reasons: j

J Itis essentia, matdie correcthearing conditions are carefully established and j

I is reduced, and it may have arather burn, taste and aroma. ; :
1 j

•

15
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If the milk is not heated sufficiently, there is arisk that micro-organisms will

survive and grow inside the bottle. In low-acid foods such as milk, many types ofbacteria

including Clostridium botutinum ean grow and cause severe food poisoning (Scott,1989).

Due to the potential dangers from food poisoning, the skills ofaqualified food

technologist/microbiologist are required in order to routinely examine samples of
sterilized milk that have been subjected to accelerated storage conditions. This requires a
supply ofmicrobiological media and equipment.

In summary,Jhe process ofsterilization requires aconsiderable capital

investment, the need for trained and experienced staff, regular maintenance of

sophisticated equipment, and acomparatively high operating expenditure (Scott,1989).

2.7.3 Cooling ofmilk

Pasteurization does not destroy all ofthe micro-organisms, therefore the milk has

to be cooled rapidly to prevent the growth ofsurviving bacteria. Cooling can be achieved
on asmall scale by using abottle-cooling system (Culpin, 1992).

2.7.4 Storage ofmilk

Pasteurized milk has ashelf-life of2-3 days ifkept at 4°C. Maintaining this low

temperature causes asubstantial increase to the cost oftransportation and distribution and

is therefore amajor disadvantage to the development ofasmall-scale pasteurized milk

business. Ifpackaged in sealed bottles and stored at room temperature, sterilized milk

should have ashelf-life in excess ofsix months (Culpin, 1992).

16



In summary, although many milk separators are in use, the process at the \

household level still need more improvement through the introduction ofsmall to

\medium scale technologies thatare affordable and effective, hence theneed for this kind *

ofstudy.

17
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CHAPTERTHREE \

3.0 MATERIALS AND METHODS j

The centrifuge designed is made upof the following components; j

i
i

i An outer and inner cylindrical bowl made ofaluminium

ii. A shaft.

iii. Paddles attached to theshaft for stiring ofthe milk. j

iv. A heater |
i

v. An electric motor to rotate the shaft.

vi. Plastic pipes for steam outlet for milk and water

vii. A plastic tap for outlet ofthe processed products I

3.1 Design considerations

i. To increase the surface area ofthe paddlein contactwiththe product.

ii. To improve theefficiency ofthe milk separation with theuse ofheater. \

iii. To perform the operation under hygienic condition,

iv. To use proper materials that would not react with the product.

3.2 Description ofthe machine

l

The machine is made oftwo cylindrical containers, one ofwhich is fixed inside theother, j

Theouter cylinder haS a 0.3mdiameter, innercylinder of diameter 0.2mand a heightof

0.3m. Theoutercylinder has a capacity of 0.0118m3 whilethe innerhasthe capacity of
i

0.0094m3.

18



Themachine hasa casing at the topcovering Iheinner cylinder where the shaftattached

the electricmotorare bolted. The shaft has six paddles weldedto it each machinedat an angle to

be able to slice throughthe whole milk during operation.

At thetopofthe outer cylinder, a hole isbored and a plastic pipe isfitted tothebored

hole which serves as an outlet for the steam that comes from the raw milk. Also another hole is

bored at the samedistance from the first hole through to the innercylinder and a pipe is passed

through leading to the innercylinder as a steamoutlet.

Atthe bottom ofthe outercylinder, holes are bored leading to eachofthe cylinders. A

pipe ispassed through to the one leading tothe inner cylinder and on the outside ofeach ofthe

bored holes, a valve is fixed for thedischarged ofwater andseparated products respectively.

19
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33 Machine component design calculation

3.3.1 Shape and dimension ofthe cylmdrical container

Cylindrical shape was used because it tends to conform with the centrifugal principle which

rotates substances in a circular motion.

Fig 3.1 showing the centrifugal cylinder.

Volume ofcylinder = 7rr2h

Where;

II = 3.142

R

h

V

radius ofthe cylinder

height ofthe cylinder

volume ofthe cylinder

Inner cylinder

Outer cylinder

20



To calculate for the volume ofthe outercylinder

Diameter of0.3 mouter cylinder and 0.2 minner cylinder was chosen to ease portability.

Where the diameter D = 0.3 m

Radius - /2

= 0.15 m

Volume = 3.142 x0.152x0.3 (
I

0.0212 m3 J

For inner cylinder •

I
r

Where the diameter, d = 0.2 m £
*

i
Radius = d/2 I

= 0.1m i

r

Volume = 3.142x0.1x0.3 [
i

= 0.0094 m3 \

i

t

To calculate for water compactment \

Volume ofouter cylinder - volume ofthe inner cylinder =volume occupied by water.

P
0.0212 - 0.0094 = 0.0118 m3 *

21



3.4 Flow rate

To calculate the amount ofthe whole milk:

Mm
Pm=^

Note thatallowance should be leftto avoid spillage. Therefore, milk will only occupy 85% Ofthe

total volume ofthe cylinder.

| Assuming time- 60 nuns

85% ofthe total volume ofthe cylinder=the volume occupied bythe milk.

Where;

the density ofmilk,

the mass ofmilk

Volume ofmilk

PlTl X Vm

1031x0.0079

8.14 Kg

p

Mm =

vm =

Mra =

Mlvlm
=

Mm =

Mass flow rate - Mass/
/Time

_ 814/60

= 0.14kg/min
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Flow rate, Q = velocity x area

_ distance / . x area
/timexared

_ volume of milk / .
- /time

<J= aO0776o

= 0.0013m3/rmn

3.5Calculationofcentrifugal force and speed ofrotation

Accordingto McGraw (1982),

Centrifugal force, Fc = mrto2

m= pv

to = v/r

«=2n%o

Centrifugal force can also be written as

i
j Fc=mxrx(2«!760)2
1

j Fc =0.0109 xpxvxrxN2

3 Where,

; m = mass ofmilk
I

1 co = angular velocity
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r = radius of rotation, 0.02 m

v = linear velocity

p =density ofmilk, 1031 kg/m3

v =volume ofmilk, 0.0079 m3

N = number of revolution per minute

Fc= 0.0109 x 0.0079 x 1031* 0.02 x N2

Fc = 0.00047 x N2

I According toRajput (2006),

N=60000P/2nfr

Where,

P = power ofthe electric motor, 1.5 kw.

f= centrifugal force, 0.00047 x N2

r = 0.02 m

XT _ 60000 X1.5/ nnMA- „o «aoW- /2nx 0.00047 xN2x 0.02

N3 = 90000/(
0.000059

N=V1523823923

N= 1150.74 rpm
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Centrifugal force,

Fc - 0.00047* 1150.742

Fc = 622N

3.6 Determination ofthe wall pressure

Staticpressure(ps) exertedby the milk on the separatorbowl

= forcej
rs 'Area

Pvg/

Where;

Ps = static pressure

A = areaof the innercylinder £

I

F = force, N t

p = Density ofmilk e

V = volume ofmilk

g = 9.81 m/s2

Area of inner cylinder bottom = nr

I
r

[
!

it

i
5
I

2 i
I
r

r
r
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3.142 xO.l2

0.0314 m2

Area ofthecylinder = 2nrn
i

! = 2x3.142x0.1x0.3

i
i = 0.118 m3
%

1

! Totalarea = nr2+2nrh
t

j = 0.314 +0.188

0.219 m2

1031 x0.0079 *9.81/o2ig

364.85 N/m2 |

1 3.7 Pressure exerted on inner wall due to centrifugal force

Centrifugal acceleration Gis measured in multiples ofearth gravity.

\ According to Leung (1997) Gis giving by;
'j

i

j GJ = 0.00059Q2D

'3 Q = speed ofcentrifuge
1

i
1 D = diameter ofthe bowl

1
G = 0.00059x 1150x 0.2 xg
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!

135.7 xg

Pressure on the inner wall due tocentrifugal acceleration isgiven;

Pc - f7a

- mg/a

Where;

Pc = wall pressure due tocentrifugal force N/m2

Fc = centrifugal force [
I

M = mass ofwhole milk per batch. |

Pc - 8-14^135-7z9-8Vo.l88

57.63 N/m2

Totalwall pressure - Ps + Pc

121.50 + 57.63

179.63 N/m2

3.8 Calculationofthe component weight

To calculate the axial load

Mass ofthe milk perbatch = 8.14kg

Weight ofmilk per batch = 79N

27

I.



Weight ofthebowl

Area ofthe bowl

Weight ofthe bowl

areax thickness xpxg

2nrh

2x3.142x0.15x0.3

0.283 m2

0.283x0.001x2700x9.81

7.49N

3.9 calculation oftheshape ofthe paddle

The largerthe surface area ofmepaddle in comae, with the mKh,re, memore efficien.me
.Therefore, me area covered by the paddle has to be put into consideration.

operation.

_ Paddle

shaft

\

\ Fig. 3.2 Showing shape ofthe paddle welded to the shaft.
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30 mm

30 mm

50 mm
Wered by me paddle derived from fig 3.2 above.

Fig 3.3 showingme shape ofthe areaToae.rminemeareacoveredbymepaddlenom.hef.gureabove;
Total areacovered - Areaof rectangle, Area of.nangle.
Area oftriangle - 2gxbasexheigh.)
Areaofrecfcngle - length xbreadth

Total area covered - 'U /

900 + 1500

To determine me M. surface area ofthe paddle;
From me fig 3.2, me shape ofthe paddle is cuboid's.

30 mm

5 mm

10mm

-the dimension ofthe paddleFis 3 4 showing U"-""—— „„+mf hoid-20engthxwidth +widthxheight+heightxlength)
Total surface area ofacuboid - 2(lengtn

=2(10x5+5x30+10x30)

= 2400 mm^
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= 2 x500

= 1000mm2

3.10 Calculation oftorsional moment

= KWx9550/n

5 Where;
4

\\ KW = power required from electric motor, 1.5 kw
\ N = numberofrevolutionperminute,H50.74rpm
i

| m = l-5x9550/ll5074

1

1

12.4 N/m

3.11 Power required to operate the machine

Power = 2nNT

ThemachineiSexpectedtoworkataspeedofl460rpm

To rev/sees, it becomes

- 115074/60

= 19.2 rev/sees

Where;

T = torsional moment

N = shaft revolution per sees
30



2xnx 19.2x12.4

1495 watts

1.5 Kw

3.12 Centrifugal shaft design

Powerof elctric motor

Speed ofelectric motor

Mass ofthe bowl

Mass ofmilk per batch

\ Density ofaluminium, P

Weight ofthe driving motor

1.5 kw

1150 rpm

2.20 kg

8.14 kg

2700 kg/m3

5.2 N

3.12.1 Determination ofshaft diameter

According to hall (1980)

d3 = ^^/o^m^ToS)"2

where;

Shaft diameter
d =

Ss =
Allowable stress ( for shaft without keyway) - 55MN/m2
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Kb = Combined shock andfatigue factor forbending moment forgradually

applied load = 1.5

Mb = Bending moment

Kt = Combined shock and fatigue factor for torsional moment for gradually

appliedload = 1.0

Mt = Torsional moment

* - 16/«(5S. 10-)V(l-5*0)>+ (1x12.4)*

d3 = 9.2xl0-8Vl53.76

d3 - 9.2 xl0_8x 12.4

d3 = 114.08 xlO-8

d = Vll4.08x 10"8

d = 0.0094 m j

3.13 Heat insulation load

Ambient operating temperature

Required whole milktemperature
fa
r

' r

Thermal conductivity ofaluminium = 240 JnT's"10^1 j,
i
•F

t

Thermal conductivity ofwhole milk = 0.56Jm"1s",pc'1 g

= 30°C

= 35°C
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Circumference ofthe cylinder - 2nr

2x3.412x0.1

0.628 m

Heat conducted away from the milk to the sorrounding atmosphere

240 x 0.628 x 0.36 x (35 - 30)

271.13 KJ

Heat released by the wholemilk

0.56 x 0.628 x 0.36 x (35 - 30)

24.373 KJ

3.14 Calculation ofratio ofmilk to cream.

According to Ito etal,{\996), the fat content most not be more than 25%.

Volume ofwhole milk, V- 0.0079 m3

25% ofthe whole milk is;

—x 0.0079
100

= 0.0019 m3
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Therefore, the volume ofmilk is= Whole milk - the fatcontent.

= 0.0079-0.0019

The ratio ofmilk to cream

0.006 m3

0.006

0.0019

3:1

3.15 Performance test procedure

After the design machine was fabricated, performance test was carried out to actually

assess its performance. The assembled machine was first ran empty. 0.0079m3 quantity of raw

milk was obtained and poured into the machine and the machine was operated for 20 minutes. A

reasonable separation was not achieved at that time, so the machine was then operated for

another 18 minutes taking the total time ofoperation to 38 minutes before the separation was

achieved. The product was then left to settle for total separation to occur after which the j

separated products were collected and weighed.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Results

From the experiment conducted, the results are as shown in table 4.1 below.
Table 4.1: The results obtained from separation ofmilk from cream

Measured Parameters
Values

n, j- i •« fm*\ 0.0079Volume ofthe whole milk (m )

Expected time ofseparation (mins)

I Time ofseparation occurs (mins)

jJ Mass ofwhole milk (kg)

s
1 Mass ofmilk (kg)

Mass ofcream (kg)

From the table above;

6 22/ration of milkto cream = • /rj.6

-10:1

35

20

38

8.10

6.22

0.60

t"



42 Discussion of result

The results ofthe performance test carried out on the designed machine are as recorded in

the table 4.1. From araw milk of0.0079m3 or 8.1kg, the cream obtained after 38 minutes was

0.00058m3 or 0.60kg while the milk obtained was 0.006m3 or 6.22kg. This result showed that the

ratio ofmilk to cream obtained was 10:1. This result differ slightly from that in literature {Itoet \

al, 1996) which gave a ratio of3:1.

Though the time designed for was 20 minutes, it took 38 minutes to achieve the above

separation. It was observed during the test that the paddle did not cover enough area inside the
cylinder hence the stirring ofthe raw milk was not effective.

inner i

sum ofmass ofseparated productafter operation ^ ^Q
The efficiency ofthe machine = mass ofthe whole productbefore separation

= —xlOO
8.1

= 84%
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Aportable centrifuge has been designed and fabricated using available material which
could be employed at household level to process raw milk. From the performance test, it can be
concluded that with little modification the machine can form part ofthe drive to establish small
to medium scale processing industries at the rural communities in the country.

From the experiment conducted, the fabricated centrifijge was able to separate 0.0079m3
of raw milk into 0.00058m3 ofcream and 0.006m3 ofmilk giving aratio ofmilk to cream to be

10:1 and separation efficiency of84%.

5.2 Recommendations

The following recommendations were made;

1. Abetter way ofreducing the sticky nature ofthe cream should be investigated.
2. Alarger paddle design should be taken into consideration to improve the efficiency ofthe

machine.

3. Stainless steel should be used for the part that comes in contact with the milk.
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APPENDIX

Table 4.2: Material Cost

S/N Material
Specification Quantity

Aluminium sheets Two square meters Two

Taps

Bolt and nuts

Shaft

Electric motor

• wi„ 2mm'.thicknessElectric cable ZIU"

Plastic
Three

Tenandeight
millimeter diameter »«

0.0094 diameter Obb
Rod

1.5kw
One

Amount ^__W»W_
600 1200

600

200

500

1500

Twoyards 350

1800

1200

500

1500

700

1500

1200

One
1500

Boiling ring

Raw milk
Cow milk

0.0079m
1200

Wire gauze
0.5square meter One

500 500

Two
500

1000

10 Gum

1000 1000

11
Welding

2000
2000

12
Labour cost

14100

Total cost
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