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DESIGN, DEVELOPMENT AND EVALUATION
QF A BENISELED OIL EXPELLER

T AL Olayanin
Departinent of Agrico tural Engineering, College of Erairesring, Liniversioy of Agricuiture,
Abeoluta, Ogen state, Nigeria,
Ll oy o von

ABNTRACT

Dased ¢n the resells of some dzenmivad ghysical and miechanizel propertios of hwo berisead cocessions
(Ymuley 5§ and FRY, & pototype all expeller wag dezigned and tobricated. It kus @ burrel of 60mm
dimmeter and a apecial wo:m shatt length of G00mm rotating at o speed cf 45rpm threugh a 0.75kW
claeti’e pear reduction motor. The tirougaput wes estimeted as [UXg benissed per nour, I e be used
fen wther oil-beariag seeds #0ch as greundauts, caster beims and melon sewcs,

The elliciency ol the sxpeller in lenns of ol recovery T the sead as infuenced by worm shall
spead erd seed moatsture conlent wae evalvaledl The woximem Clieses ol recoveries of 79,63 anc
74 28% and minimum oitan-take of 1445 and 17.73% were obteined for Yurdev-35 and ER
raspeetively from a - ene -ass crushing. These values wers obtained at worm shutt spzed 2f 45rpm
and maiztere content of 5.5% and aze 0 ggrevment with what eblained for other oilseves.

KEYWORDS: Benisced. « <peller. evaluation, effici ney

L. INTRODUCTION

Seniseed 18osamon indicen LY is hessed i axia! capsule, whizh is 5w dem long, with & sepments
vich contapitting 20 1o 25 coaall Nat seads (Olayanje, o0 o! 20007 The s2ed iz wery sma’l amd lender
witl 1he weight of abou: 1000 seeds being 2.0 to 3.5g. Beniseeds have been classified into thiee main
varieties bzsad on their chemeleristics. These ure whits, black, and red or brown varietics. The white
virnely s rich in oil (30 o 032 ) and contairs lower levels of holl than the black and ned vacieties. ltis
[zun: in sine pants of Nigoa. The black svariety Tias an ail conterr nf abkour 48%, hur wislds (he best
quiaslity ol while the red viclds aliowt 46% oil. Boty varieties are found iv Tedia it nat so popular
HMiwaria [Onesanya and Koloosn, 19900,

Alliongh, the seed iz edible the ail is the major component ¢ the crop that is ul general demund. The
oil is i valueble, high-grads stable ol vsually relesred 10 as "Cueza of nils" and is used as o substngts
f elive oil In cooking and redicing Censon ef ol 1979 and Taveng and Exanen, 1396), The usual
reethed ol bemserd oil ext ceilon ot domestic level invalves pounding the seeds i a weodsn morar
crdl treating them with hot »cater, which makes the il w0 floar to the surface frem whene if s skimmed
all Thes rethod 1s slowe, with low oil yield, gives rise to unplzasant ndouvr and Ritter tastz (IINIFCM,
1487,

Commercially, beniseed il i produced ellher by extraction or expression. Extracion method 5 st
cotathe or cotlage sealy levs) secause of the expersive solvent ‘nvolved: the problom of separatiog the
vl it Fronn the eily oo the Gie! ol exteactaon soight sesull e devalaton ¢l the seed (Davies
atd Vincenr, 1980). Therenre, expression mathar is prefarred. Khan and [lannah (1983) desenbed
cupwession a3 the process of machanically ramoving Fanic aut of salid containing liguid by the vs= of
aqipmert acch as paace prasses, kyaeelie pressas and expelles. Plar: and hyd=alic presaes sne mch
mare Iahorious, time oonsuning and less effective than serew peassesiexpellers 1Ciesmys und Kolsoso,
1090, NCRI, 19951, An expeller is therzfore preferred. However, mast availahle expellers conld mol
reriorm eectively with berf:ved bocaese ol their amall zizs (Oleyanju, 20020 Henee, the abiective of
lhis work is lo design and eorizate an expeller thut will be suitable for hauschald and cottape-scale
production of benisesd oil.
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7. MATERIALS AND MITTHODS
2.1 Design Assumptions '

Fersimplicity ol design, (he fo owing assamplions were imnele:

o Inne revniution af serow, the charpe nfhenisead is advanced by ane pitzh of fipead

o There azz negligible air spaces sevween Hanisccds on entering th2 caamoaer.

» lThe macerztion of vilsees was complele in tae feed sectier leaving the homegencus mixtue
of oil and solids ir the ram seotion. .

e Nepressurs developiment woeld lahe place in iae feed sectier. Uhe pressore deveiepmant and
the expression nlail st at he bepinning of 1he mm section. '

e Thatemperztors of nilsced mass remainad constant in the ram section. Inoeality, e
tertperatune wonld incrcase alang the 1am section duz t shearing action of ¢ shill

2.2 Design Speciltcations

Based on the above azaemptons, determination ol some hysical and mechonical propertics of the
seed i smelysis of infommation received on the extstivg ofl expel ers (Olayaniv, 20020, the toliowing
specificalions were ¢btainad ard used in e fbrication of |he serewed shall conveying end
compressing the vilseess: ;

Length ol chamber, L= 300mm; Namber of wonns, n = &; Pilct of screw, P = 2 x 25, 37.5.
SLAOYLEOATE AT S meng Deprh o worm, 1= 823w Flight width, e = 6, 23mm; Helix angle, o —
0%, Mean diameter, T, — Slnm; and Waeneshaft rotaticeal speed, N =45rpm

The serew is 2 vasiablz type at the entry soint,

2.3 Design Capacity

The theoretical capac.ty of an expeller wita single flight in fead scetinn was piven by Varma {1994)
At
Q-aldNcos xiPoosae—cl H

A computer pragram in basic language was written to evalucte the design capacity basad an e above
sguation as follows:
0 INPUT "PL="; ¥l
20 INPU T INNER DIAMETER CF BARKEL (IN MILLEMETRES) =" D
30 INPL T SWORMSLALT SPLED (N REVOLUTTONS PER MINUTLS) =" N
A0 INPUT “NELIX ANGLE{IN DEGREESY =" ALPIA

50 INPUT “PITCH {IN MILLEMETRES) =" "
ot INPUTSWORM THICKNESS [IN MILLEMETRER) =Y 2
70 INPUTYWORM DEFTH (IN MILLEMETRES) -": H
80 REM .

el REM —emeeeee s CALCULATION OF DATA QUANTITIES
Ino ., REM
o QI—PI=*N
20 QX COS(ALPITA)
30 -0 QR
M0 Q4=r*Q2
150 Q5-04-E
180 Qa-Q5*H
170 Q-Q3*Q%
180  PRINI
0 PRUNTOUTPUY DERTVABLES
200 PRINT
2t PRINT*CAPACITY, 0 {CUBIC MILLIMETRES PER MINLUTE) = Q: "mm /min”
220 END

Nigeerdan sustnon of Ageicirioral Sngineeee 1) 71
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e tomon the prgin, the fellaw g Hacative values were gsed:

Ple-3.142

[2=Sdnn

ALPHA - T0egrees

N = A Srpm 3

P=nDiane— 35142 * 54 *tan 13— 2002

H=-02P-0Z23mm =05 * 290 +025 ~&20mm

c—OSH=0D5* 12.753-32mm

Oufpust Derivablie

D=2 428 i w A5 s Cos IN{20.9008 10 = 3 21623
' <120 N0t pee i

= PNGTT4m h for single suutin 3 passes
=46.13kg'h for evernge bulls density o 68 kg’ [Olayanju, 20072}

- 15.538kaT e single pass
This cao he aspioximated to 1Ckg'h considering ell foses in nateral and machine cperahion, which
translzres i .25 metric anne/day.

2.0 Fucces Acting, en Serew Thread

The two main lorces gcting o the serew theewd e Diase neguired o ueslae sl comzress the
ten szed charge and the friczional fres resuliing fromn the scres s motivn,

The warm shats has six worms, gach ol which is subjrered 1o pressurs dag 1o compression o7 bemseed
kernels. This pressure increases frem a minimum value ot the Teed anil toe prdionm an the dhscharge
end Consider o porfien of the worn serew as shown o Figore 1 ander the siatic eandilion, the
direction of Cemesial oo, 1Koan e wnil lesgth ol the threas will be voreal fo the threee surface
along fne AC, When e serew i cotdal st e lsd s onovad, the e ol action AQ sl be
ot thrcegh the sogle of Tctien, & 10 B For equilibiium ol Buces, reselvieg e foee BO
verdval wnd hortzertalle, the cortponent pasallel e oxis of e serew s piven o
' = Keas (e )

(2)
Sl le . the compenent perpendicnkae roonbe i o the senew

= Ksin{a-—-q) {3

then, I == Ksmijo gl

W Keos [cn - g)
= 1 W (e A )

The Ticion angle,

G = (3)

weliere:
i~ cocHiclent of static friction = DARG {Olayanin, 2002
o= tar' (U.280)=25"
Wois the axial foree requirsd o expel a great deal o 1he oil al the oil-point and has beso
Seterminzd to bz 288N on the average. Baszed on the average size ol Lzaiseed {1500 ) abom 100

se=ds are crusned at the considersd leed =nd porlion. Therelore a force of 285RN will he required 1o
L eprass 112 ol

ST TN DY
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Fizwel: Moo aeirg onaoa threed

Torgue an Screw Thread

c. T and axial load. W are related to each mlier throug't 1he fallow ng equation for advance
inst load (Heall, er at, 1980}
T =% iRiandiz 431 L) (6)

5 the use ol o well ubncated bearing, the frictioral force. fo at the zallar will &e agglecled, thus,
quantily Lr. will be zero, Jlenve, the equation bevomes;

T = WRkn{e 1 §) (7)
equation{4). F — W tan | = ¢)
= T—=FR (R}
where: R - Mean radius —2%mm . (2]

Power Regquiremuent

The pawer input 1o the exaeller is used 10 convey and heat the material for eil expreasion. The power
~=rive mechanizm incorporates the use of a reducticr. gear motor of ratio 12 w0 1. This is conplad o e
Cexpelier snall by solley ancl bells erangemeny The chosen spred tor 72 expeller K, iz 43rpm

the areuter speed, vee — 2uN (10}

50

= Uhe puwer inpul w e espeller can be cumapilal as given below;
M=Te, (11
A camputer program was also weitlen w obtain the abuve parameters as follows:

o INPUL *PL="; PL
0 INPLT “AXIAL FORCE (IN NEWTON UNIT) =", W
30 INPUT“WORMSHAFT SPEED {IN REVCLUTION PER MINUTE] =" N
40 INPUT “FRICTICN ANGLFE (IN DEGREES) =7, TETHA
50 INPUT “HELIX ANGLE (IN DEGRILS) = ALPIA
40 INPUT “MEAN RADIUS (IN METRLES] - R
WG REM e
i ) REM - eee CALCULATION OF DATA QUANTITIES -—memememeeee
&0 REM

Nigerian Donrtition sl agowensiol Bigineers T 73
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1OOF = W 2 (TAN{(TETHAY | {ALPIIAYN
1NoT=F=*R
1Z0O0MECA =2+ PL* N su
120P =T * OMEGA
140 PRINT
H qﬁ PR'NT R A L R L A LR L s
160PRINT “OUTPLIT DERIVARIFES”
1 'l’l) ]xR]N'I" AV ety TRt Vet by v ere
IROPRINT
I90PRINT “LXPULSION FORCL (IN NIEW IOI\ LNETY = Fy ¥N?
200 PRINT*IOWQUIL N NRWTON METRE) =%, T “\ln’"
21() PRINT “ANGULAR VELOCITY {IN RALD PLRE 550 =" ; (',)Ml'-:('i.“\; “radde”
220PRINT “POWER REQUIREMENL (IN WATT UNMIT) =" 5 Ty 9™
2:0 PRINT “EXPULSION FORCL {IN NEWTON UNIT) =" T “N?
240 PRINT
ZSOEND
Input Parameters
Pl—3.142
W= 28R00N
N = A45rpm
0 = 25degrees
= INdagreas
R =0C0%m
Output Derivables
l"\l"l. SION FORCE, F= 13.65KN
TORQLUE, T=36RAINmM
ANGLLAR VELOCITY, 0\1£GA =47 rad's
POWER RF‘QU]RF’V]FNT. P=1753KW

This power input to the expeller s untlized ic heat the malerial, w convey the material for ol
expression. In onler o give allovaance B power osed in deiving worm shaft and sulleys, 2 ZKW
{1.5hp) clecwic reduction gear motor with o speed of about [40rpm is chasen,

2.7 Belt Sclection

A2 RAS - synehmonnus (mnethed) helt anangement that enmbines the characteriznies of belis and

chinns was selecied, This will gode speivst s pl"(!,r, nence aEv kg 4 Censtan! spesd ratio
setwern the driving and e l|rl\|-'ll shafts

2.8 Muvhine Fenlures

The ool expeller cansists of seven main parts naracly: the feeding assembly, the exprassion arel, the
wenns and worm shdl’l ussemibly. the cone mechanism. the puwer tcasisinission unit, the oil and cake
worghs and 1he main frame (Figot), The wxule»lon chanmber is made of twenly wear resistant bars
ananged longinidinaily to form a civeular arrel with slots hetwaen them for oil drainage, The clamber
splitints taa halves. The top camies <he hopoer at the extreme ripht whilz the bottom parr is welded 10 the
frame for rigidizy. The split parts are bolted teaernar,

Migeviga Insrititian af Agvicwftoval Soppreeey €0 74
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Fig. 2 1he falwicared beniseer oil exnellar

A The happen, 15 The expression ala

Do, €0 The povwes Crve,

worms nFdifferent pitches weere Tilied on the main shafl The Gt weorm iz i the reverse direction 10
praper sqneezing, of the cake hetere discharpe. The warm tlight design, along, pressure and
rge section i3 such that the matenal does nazwrap arnund more than 320" This leaves an axial gap
Tight that enables the compressad marerial te slide in cither dircetion refative to velaciny penerated by
pilch.-This balauces the pressure ever o grosp ol wenn section and reduces the teadency oI material
m. ndividesTsection and ratate with fie shall. The uiirisdeiven Ly a 0.7 kW elestric imolern

Machine 'erformance Evaluation

Lilogroms each ol dehulie:l benissed sumples wis expressed in fhe ail expeller, The [Flered oil and

Teake are as shown in Fig, 5. Theoperation wiss serlommed a1 d, 1 5.3, 7.7 and 10,3 %% seed moisture
1= (wbl and machine wern shall speeds o730, 45,60, and 7Scpm, The yolemes ol the expressed and

oil were measured by using o pradusted oylinder while the weipht of the cuke cbtained afier
sion was macasured on o chemical balance. The expression elliciency, € in tenns of the oil recovery
alvatec as the ratin of the expressed and filiered oil ta that of the expressible oil, whick is equivalent
mitial oil content ol the seed. Tae vil content ol e seed and residual @il in Cie cale we

re determined
shlctextiaction apparatnz with normal hexanc as,

RESULTSAND DISCUSSION

! zives the data en the prrivomence vperauonal lests in ferms of the macaine tkroughput, oil recovery and
ol pilineake at diffzrent worm shott zpoeds and moisturc contant levelz. The maximum machine throughputs of
2ad [2.08kahour: maximum Hltered oil recovery of 79,063 and 74, 28% and minimum 2il-in-cake of 1413 and
s wene oblaired tor Yandew-55 and FR respechively Inpma one piss ereshing Tness vilues were o

incd ot
sl spyed al'dSpr Tmesture content oF S 152 ol are i ined for other oilsecds

sreemznl wi b whal oz
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Swer than al the nther mossture levels, This is bezawse maistiure waorks as heat sranster medivsm. So the roral
e zeneratec hy wormshaft during pressing mightbe fully transferred te the individual G globules. which
Seuits in orcakdown of the erulsion form of the lat and helps in releasing more oil droplets. While &
osture cases britdensss, higher mocstore contert vauses plasticising effect. wiich reduces
CspressionEnd Bives ponrrseavery,

A

¢ level of

Cwtier oil can be recovered from the expressed cake inmulliple passesdcrusiing el te cake i the expelier
Sowever, s choice depends on the economics of the process and exd uase ol the cake. According 10
wwantand Shukla (19917, high pressure can be used to express moere ol from the seed inasingle pass, b
S quality crtre nil and the nutritienzDalne ofthe eake may be atfected  10will alse redoce the capacity of
e cxpeller

*sormatively, the press salvent axeractinn rechnique can he nsed. In this case the oil is first expelled a
Lo pressere from the seed, the cake, which contain rnore than 8% oil, is then extracted in 2 solvent
wwraction plant. This technique 3s advantapeous as more oil is expelled using less encrgy. The qualiny of
Cos ol is gead Trom nstcitonal and consumption Doint of view.

b fastintion o Agriculivrsd Ragroceee v 6
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Tablz I: Porformarce evalustian or"tbp fabricatad benisced ail expeller

mishi 0 Maislui aching . Qil revevery; . Residual
e, vondent, thiaug hpsal, vil-in-cake.
i %, wl kah ’ Y %
Yandew 33 L8 © Yandevs3 L8 Yeandev 55 FR

4.1 9.7 YuG  37.56 33.70 4039 4277
5.3 11.54 1122 42,57 4448 3730 26.i2
T 14,59 uid - 41.57 42.02 37n2 37.64
13 A 9.42 Se.ed 1458 4219 4225
4.1 11.33 088 G2 G485 19.93  23.55
5.3 1281 11.2G TRAE3 Ta2R 443 17,75
I3 1:.71 11.540 G610 G1.43 2272 25.64
10.3 11.63 10797 593 5908 2708 27.11
4.1 LY 19715 R 3091 32.15 3277
53 2.9y 1260 - 3484 52.72 . 2973 1108
7T 11.84 1154 43.52 43.12 G841 1696
1z 11L.:7 1134 42.9% 0.3 37.04 3943
4.1 11.56 L0446 20023 3877 3R875 53554
5.1 1223 11.85 A1.40 4058 3RO2 3R.S3
TR 1158 11.50 . 38R 32.51 1128 4251
123 1130 I 3247 3192 4254 4188

CONCLUSIONS

on the resuls ol e perfonnunce svalualion, te [ollewieg vconslusions are diasn: the mechine
s adequately for expiossing oil fom pilsoals, benisosds in particelan the 0l cxprossion
oy is oo peeeble 1oowdat cbiined for athee oilzeeds; the threrghont of the excelier shewld e
Dsu bnad g quandities can be handled e uait tine and the madified maching shonld e
cinliserd so as tnomeet the il demand of the peaple.
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