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NOMENCLATURE 

• Hydrocyclone diameter. 

Di • Hydrocyclone inlet dJ.ameter. 

Do • HydJ:ocyclone overflow diameter. 

Du • Hyd.rocyclone underflow diameter. 

4so • 50% separation size. 

dmax • Maximum particle size in hydrocyclone 
o.arflow. 

g • Gravitational acceleration. 

Vi • Liquid inlet velocity. 

Xf 

L 

I 

gc 

• solid concentration Kg, of solids = 
100 kg, of water 

• Liquid absolute viscosity. 

• Liquid kinematic viscosity. 

• Liquid density 

• Length of cylindrical portion. 

ii Length of pzojection of vortex finder 
into the cylindrical portion. 

• Gravitational. c:onetant. 



CHAPTER 1. 

INTRODUCTION 



1. IN'I'RODOCTION 

Butter. a fat rich dairy product is manufactured 

from cream. Am:>ng various methode for its production 

the basic principle of operation has remained as "churning 

of cream• to achieve fat separation. using mechanical 

means. Large scale manufacture of butter with (stainl.ess 

steel butter churns of larqe capacities) has been in 

extensive use for over three to four decades. 'Ihis 

design is still very popular and chums continues to be 

economical with many dairy plants. While the butter 

produced through churn continues to receive the accepta-

bility as to it's quality, however its usage suffers 

from the following disadvantages. 

-
-
-
-
-
-

Batch operation and hence limited eapaci ty. 

Labour intensive. 

System not beinq very convenient to rework and 
stored butter. 

Manual handling of product which limits the 
hy9ienic quality of prodUct. 

Large floor apace involved. 

Hi9h dynamic and iqlact loads during butter 
manufacture. which calla for precision and 
heavy duty components reflectin9 in equipment 
coat. 
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Besides with the improvement in milk collection. 

the production of butter should increase tremendously in 

future which also calla for ita continuous production. 

Inception of continuoue machines has helped to a great 

extent in overc:omin9 the problems associated with 

batch production or seasonal variation in product quality, 

reduced shelf life etc. Due to the above limitations 

the manufacturing process for butter has undergone quite 

a few changes compared to its earlier methods of 

production. 

Continuous butter making is a process which 

gives uninterrupted production for a given run. It 

involves a set of new processes and equipments. In this 

the butter making stages are arranged in mechanical 

sequence rather than in time sequence. 

On the basia of the working principles the 

modern continUoua butter making pxoceae can be divided 

into three main groups. 

(a) 'lhe churning process o .r Fri ts process a 

The machine worlcing on continuous churning 

p rinciple include -

(1) 

(11) 

(iii) 

Buttermatic (Weat Falia). 
HCT-'l'ype butter maker (Silkeborv). 

Contimab (Simon Frere • •) • 
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(b) The concentration and phase reversal process1 

This process is of two types and they area 

(1) Alfa type 

(ii) Maleshin 

(c) The emulsification process: 

Two kinda of process exist and they ares 

(1) Gold'n flow process 

(ii) Creamery package process 

For manufacturing table butter, salt is added. 

The advantages of adding sale to the butter are to 

increase its keeping quality, improve its flavour and 

to satisfy the requirements of the trade. In countries 

where legal standards are confined to a maxiJmJm moisture 

limit and have no limit on minimum fat, the salting of 

butter may serve as a means to increase the over run. 

Mostly in European countries continuous butter 

makinq machines are designed with little regard to the 

manufacture table butter/aal ted butter. so in existing 

continuous butter making machine (CBM) which are imported 

to this country, none of the methods for addin9 salt is 

entirely satisfactory as reported by the Dairy plan ta. 

In our country demand for salted butter is high, it ia, 

therefore, essential to nodify the salt inj ection system 
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in CBMs in order to obtain butter having uniformly 

distributed salt. It has been observed that when size 

of salt particles are in the range of 50 to 100 microns. 

they get dispersed in the butter phase easily. 

The present study aims at evolving a sui t a 'ble 

device namely hydrocyclone which can yield slurry h aving 

very fine particles of salt. such a slurry can be 

directly injected into the mixing section of CBM. A salt 

mixing device was also developed to examine the 

efficiency of hydrocyclone. 
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2. REVIEW OF LITERATURE 

The present study necessitated search for 

literature on the following aspectsa 

belows 

(1) Effect of salt on keeping quality of 
butter. 

(ii) Sal ting in continuous butter making 
maclU.nes. 

(iii) Hydrocyclone. 

A brief review of the published work is presented 

2 .1 EFFECT OF SALT ON KEEPING QUALITY OF 
BUT'l'ER 

It was established that a salt content of 1.s 
to 2.s per cent is a quite suitable for butter storage. 

The salt influences the keeping quality both bacterio10-

gically and chemically. There is sufficient experimental 

evidence to show that higher salt contents atimulate 

chemical changes in butter during storage and is therefore 

detrimental to ite keeping qualit.y. Gray and Mckay (1906) 

found that lightly •al ted butter had superior keeping 

quality. Wuhburn and Dahlberg (1918) found that salt 

exclusive of ita antiseptic properties, has tened the 



deterioration of bitter in storage except at temperatures 
0 below O c. Both chemical arid biological changes were 

arre•ted at lower temperatures and little difference i.n 

scores waa noted. 

SOmmer and Slnit (1923) observed that salt is 

one of the factors which contribute to the development 

of fishy flavour in butter. Lecithin dissolves in salt 

solutiona and salt accelerates the change of lecl.thin into 

trimethlamine lllich is the fi&hY-flawured substance. 

However, several •ther factors also contribute to the 

development of fishy flavour. In fact, fiahiness is not 

a conmon flavour defect of bitter. Factors favouring 

the dewlopment of fishy flavour area 

{1) Rav ere• 

(ii) Hi(Jh acid C%ealll 

(iii) High salt 

(v) Presence of iron and copper sal ta. 

Macy ~-.Al· (1932) found that Hlt chackad the 

growth of yeasta am bac:teri.a. IU inhibitift ef£ecta 

on mold ware l•• madad. Hi~ pereentaCJU of salt 

were nmre ef&ctiw in reducing the mneber of organi r • 



Thornton and Wood (1935) also concluded that 

•alt i• an important inhibi toxy factor in the qrowth of 

microoroaniama in butter. Guthrie n·.Al· (1936) stated 

that, their results confirmed previous experimental 

work Which •bowed th• inhibitory action on micxoorganisnus 

of lactic acid and salt in butter. '11\e presence of 

either lactic acid or salt in bu.tter without containing 

other apoilaqe factors conaidered in their study resulted, 

after storage, in a poorer quality of butter. The 

combined. effect of salt and ac1d was shown by lower 

scores after 36 days storage at 10°c. 

2.2 SALTING IN CONTINUOUS BUTTER MAXING 
MAClilNE 

Muller (1949) found that if salt crystals 

remain undissolved at the end of working, they will 

attract water from the eorrounding area of 'butter, giving 

area of reduced water content deeper yellow colour 

than the rest of the body of the butter. 'l'hia leads to an 

yellow spot againat a paler back gmund, thus, giving 

rise to th• defect Jcnovn aa spotted colour. 

Dolby, K. (1955) nported that if the salt is 

not uniformly diatributed, then, also 1 t would cause 

apotted colour. He auw••ted that it would be better 
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if the salt was added immediately a£ter the Point at 

which the last part of the butter milk was drained from 

the granules while making non washed butter or as early 

aa possible in the working section. while making washed 

butter. According to this author if salt is added at 

these points. there would be free moisture available to 

dissolve it and a longer working time to disperse it 

evenly and throughout the butter. 

Dolby (1956) reported that in conventional 

churning the salt is added to granules when they are 

fairly small and have sufficient free moisture on their 

aur£aces. Dolby (1961) showed that salt particles in the 

size range of 1&-25 mesh when mechanically stirred in 

water, took 40 seconds to dissolve. As this condition is 

very much different from that exista during the working 

of butter. he suggested that very fine salt is required 

vhen dieaolving times are short. 

Rusell (1971) shoved that aalt for use in 

continuous butter making machine should be filtered 

through a fine mesh sieve to remove extraneous matter 

and the size of salt particles p~ into the machine 

ahoulc.t be l••• than 100 mici:ona. The ealt which should 

be stored in a clean dry zoom at an ambient temperature 

of 10°c or above ia added in form of a •lurry to Fri ts type 



continuous bitter making machine. A change from 60a40 

to 40160 slurry will increaae the moisture by 

approximatal.y 1 per cent and vi.ca versa. Bamaly (1971) 

suggested that salt used should be very finely divided 

preferably to a maximum particle aize of 80 microns. 

Mccartney (1972) ahowed that the working ti.nm should be 

at least 45 seconds in continuous proeesa. Fai.l.ua to 

maintain thi• t.1ma results in looee moisture and 

discoloration with a subsequent i:eduction in keeping 

quality. Ruell (1972) found that since the working period 

in continuous pxoceaa 1.s lesa than 1 minute it requires 

a apec:ial technique of salting to obtain aatisfac1:0ry 

resUl ta. Ideally 1 t would be :beat to add the 50 per cent 

aal t in form of bnn•. But sa'bU&ted brine solution 

contains only 25 per cent salt. A relatively small 

amount of brine ie requind to be added to the butter 

and this would increase the rm:>ist:ure content to 3 per cent. 

To achiew 2 per cent aal t content in the final product 

it is necessary to use a salt slurry with the graJ.na eo 

fine in size that they do not affect the distribution 

of moisture while the butter is under storev-. He alao 

found that it is always advantageoua to use •• low 

concentration of aalt u poaaible. , becauae the anount 

of undis90lved salt will not only be leas with low 

concentration but the siae of the aalt grain will also be 
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less. Practical experiments indicate that for a salt 

content of 2 per cent in the finished butter, a slurry 

of 60 per cent water and 40 per cent salt would be 

appropriate. 

Mccartney (1972) tried the method of salting 

the butter by adding salt directly intx> the cream. The 

disadvantage of this method was the loss of salt through 

the butter milk. Jebson (1974) found that the fine salt 

(particle size approximately 100 microna) for use in 

continuous butter making machine could be obtained 

economically and ef ficlently by wet grinding process 

comprising a colloid mill and classifying and concentrating 

cyclones. The proportion of fines in the feed to the mill 

was recorrrnended to be kept at minimum for obtaining high 

efficiency good quality butter. 

2.3 HYDROCYCLONE 

'fhe hydroc:yclone uaes liquid, generally water, 

instead of gu. A swirling motion ia imparted to the fluid 

by a tang'elltial entry near the top of hydrocyclone. '?he 

EOtational ene?'(JY of the fluid is utilized in varioua 

separation techniques. Ita potential for multiple 

applications collbined with i ta auperior performence and 

owrall economy have placed the hydxocyclonea in a position 

of greater adTantage over the conventional equipments like 
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centrifuges and gravitational thiclcners. etc. 

Though the equipment ia small. simple and cheap 

having no moving parts yet its design is quite controversial 

and difficult. Different schools of thought have put forward 

their own methods of design. Almost all designs are baaed 

on d 50 the particle size present in the feed which haa 

statistically 50 per cent chances either to be recovered 

in over flow or under flow. 'Dlis is often a very good 

index for the study of the separation ef ficienc:y of the 

hydrocyclone. However• its utility in design has been 

proved to be 11.mi tad (Panesar (1966) • In the first place. 

it becomes rather difficult to estimate the exact fineness 

of the product from the d50 concept. Dah1 st.J:om (1954) 

suggested 1.s per cent recovery size as the mesh size 

separation while Rietw and Vener <1961) suggested the 

use of eo per cent point as a measure of separation 

efficiency. Secondly the particle• used by earlier wor~n 
.• ·~ · ' .. ·,: .. 1 fo.:~ ;:~ . 

had a negligible friabili ty. : ·~~/; c(r oC\ ~-\., 
::;.' 7,., c · ._ : - ... n ,, . ... , , 

I .... 1, I. - , . 
. ~: " "'- i·".: . ="1 : 
~ " ·-· :L -~~/ ' 

Bradley (1964) revi~ in detail varioua.~· f.­
:;. . ~ ~ ...., .. 

.._ ~- · _...,. 
of velocity distribution. flow patten. areas of application. 

performance. design and operating variablu and categori.u 

of hydzoayclonea. Rozmally. the amount of fluid head 

available ia either fixed by the process or ia natricted 

i,y the capac:i t.y of the available pump. Varioua equations 



12. 

have been put forward for pressure drop J.n hydrocyclone 

(Braley. 1965). The most recent one is reproduced 

below Gazder (1966). 

In actual practice it has been established that additional 

fines are formed during separation because of a high 

shear field. 'DU.a effect has been shown to be more 

predominant £or high concentration of solids (Panesar, 

1966). 

It is, therefore. better to base the design 

of hydrocyclone for classification on the basis of the 

maximwn particle size that can be present in the overflow, 

d max, so that a hydzocyclone can be designed to giw 

definite cut point accepted for the process. Study of 

the effect of various design parameters gave the following 

dimnaionleaa correlation for calcium carbonate slurries 

(Paneaar, 1966) • 
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This equatJ.on has to be corrected if the 

density of the solids ia appreciably different from that 

of calcium carbOnate. Optimum ratios of De/Di• Dc I o0 • 

Dc I Du have been worked out and llOst generally accepted 

ratios are1 (Bradley, 1965). 

D• 
1 • 

-
- De /15 - (3) 

'nlese two simultaneous equations may now be solved for 

two unknowns that is v1 and Dc for efficl•t and economic 

separation, it ia, auggeated that value of the hydrocyclone 

Reynold' a Number Dc Vi/~ should be of the order of 10
5

• 

A cone angle of 20°, lenqth of the cylindrical portion, 

L • 1.5 t.o 2.0 timea D
0 

and projection of vortex finder 

into the cylindrical Po~ 1 • 0.4 DC have generally been 
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This equation has to be corrected if the 

density of the solids is apprecl.ably different from that 

of calcium carbonate. Optimum ratios of Dc:!D1 • Dc I D0 • 

Dc I Du have been worked out and m:>st generally accepted 

ratios are1 (Bradley, 1965). 

D• 
1 D /7 c 

DC /5 

De /15 - (3) 

Substituting these values in equation (1) and (2) 

..J - a· '1 _. O· ~ 
qrn~x ~ ) 

~ 7 x , ; r 4,.,, ~ )i ~ ]; "; J G Vt' J x 1 , 7 ,. , 
. - -- - - - • ,.. -- I /_, ) 

~ . .lJc_ t ~- . . 
J(t'r 

:J-] 
/SI> 

These two simultaneous equations may now be solved for 

two unknowns that is v1 and Dc for effici•t and economic 

separation, it is, suggested that value of the hydrocyclone 
5 

Reynold• a Number De V JI~ should be of the order of 10 • 

A cone angle of 20°, length of the cylindrical portion, 

L • 1.5 to 2.0 times D and projection of vortex finder c 
into the cylindrical Portion 1 • 0.4 DC have generally been 



14. 

accepted from considerations of operation and fabrication 

of the equipment. Lynch and Rao <1968) studied the 

operating characteristics of hyd.rocyclone classifier. 

Panesar ll•.A!• (1970) carried out experimental 

investigations to find (1) the plane of equilibrium of a 

particle rotating at the cone wall of a hydrocyclone 

Cii) the radius of maximwn tangential velocity of 

hydrocyclone. and (iii) the maximum particle size in 

the overflow stream of a hydrocyclone and developed 

equations. Kumar ll•.I!.• <1974) -worked on verification 

of Mussorie Rock phosphate by hydrocyclone. Row and 

Row ( 1975) analysed concept of reduced efficiency curve 

of a hydrocyclone and developed an expression relating 

percentage of feed solid. to under flow and size of 

particles having corrected efficiency of 50 per cent 

of operation. Sastry ~·.Al.• (1976) carried out pressure 

drop studies on two phase flow tlu:ough a hydrocyclone. 

Gupta and Grover <1976) developed correlation for 

critical feed inlet velocity for maximum collection 

efficiency in hydrocyclone. 

Mahajan and Pai (1977) carried out studies on 

liquid - liquid separation efficiency and volume split 

in hydrocyclone. 
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3. OBJECTIVES, SCOPE AND PLAN OF WORK 

3.1 OBJECTIVES 

The main objectives of this study were as followsi 

(i) To design a hydrocyclone which will give 80 micron 

size salt particles when the feed is in the temperature 

range of 6• 12 and 20°c. 

(ii) To test the performance of the hydrocyclone by 

various operating parameters. 

(iii) Employing the hydrocyclone for injecting solution 

with desired size of solution crystals into butter to 

achieve uniform distribution of salt. 

3.2 SCOPS 

Various invastigationa haw been carried out on 

aaltinq by the Dairy Plants in India uaJ.nq the continuous 

butter making machJ.nea wt none of the •thoda hu been 

found entirely satiafactory. This work hu been directed 

to achiew fine particle• of salt in the solution thereby 

rectifying few defects caused by the coarse salt cryatala 

in manufacture by the contimab process. 

The present study haa been cataooriaec! u under1 
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Oeaign of Hvd.rocxclone 

A hydrocyclone was designed for a pressure drop 

of 2.s lssl and a discharge of 2,200 kg• This hydrocyclone 
cm2 hr 

waa fabricated f.rom stainless steel. It was devided into 

three portions vizs 

(i) Cylindrical 

(ii) Top cone 

(iii) Bottom cone 

Theae three parts were joined by threading. This method 

of joining was employed with a view to dismantle the device 

completely when necessary. 

Performance of hydrocxclone 

For performance testing of hydroc::yclone, trials 

were conducted at different temperature• mainly at 6, 12 and 

20°c. 'lbe effect of temperature on overflow concentration 

was •tudied. Particle size distribution "aa measured both by 

microscopic as well as wet screening method. 

salt 1n1es;tion 

For aal ting, a mixinq device was de~loped. The 

sample• were tested for unifoxmity in salt distribution. 
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4 • MATERIALS AND ME'IHODS 

4.1 DESIGN OF HYDROCYCLONE 

The pressure energy of the fluid is utilised in 

creating a swirling flow inside the hydrocyclone. When 

swirling flow is fully established. the feed gets split 

into under flow and overflow. The ratio of split depends 

upon the physical and dynamic parameters. 

Pressure drop a 2.s leg -
an2 

2500 gm 
c:m2 

P • Density of Brine • 1.1894 ~ at 20°c (unit operation 

cm 

of chemical Engg. McCabbe && Smith P•P• 998). 

2 
Viscosity of Brine • 1.889863 c:p • 1.8898 x 10 

at 20°c concentration of Brine • 33.33 per cent 

at 20°c (unit operation of chmnical EnCJ9 • 

HcCabbe & smith P•P• 998) • 

.J • Liquid Kinematic Viacoaity 

• 0.0158892 



CYLINDRICAL 
SECTION 

VORTEX FINDER 

CONICAL 
SECTION 

CONE ANGLE 

FLOW 

Front View 

Top View 

Fl G. I (a) 

HY ORO CYCLONE. 



~!+-Du ITEMS. SPECIFICATION . 

De 1 cm 

Dl I cm 
Do 1.4 cm 

Du 0 .466 cm 
L 14 cm 

t 2.s cm 

FIG. I (b) 

DIMENSIONAL SKETCH OF HYDROCYCLONE. 



1e. 

dmax a 80 microns • e x 10-3 ems 

-.4 e D 7 x 1.315842 ~ vi " 15. 72 ,.. vi -DC 
D c 

..!._. 
-.a 1.4 

92.929594.,. v1 ~ DC 
DC 

-.a 1.4 

o.0860866 • vi )t DC )C 

~~ 
I e.. • o.s6 

vi J ~ p x 9c. • 
9 DC 

1.1894 
o.e6,. r 2.52466 x 1oj • 

vi 2500 x 980 
980 x Dcj 

vi 6.96756 x 10 -· • 0.96 )f 

0,5449165 x _, 
6.8756 x 10 

782.0761' 
D .O§ 

c 

.6343505 )( 

1 
D .b9 
c 

[ 0.33] 
-.4 

)( .6418 

- (1) 

.03 .44 

[ 1 -~ 
100_ 

11 .44 

-~ 100 

.9988 -.09 
k" D c 

(1) 

.4 

- (2) 



Putting the value of v 
1 

- 8 0.0860816 • 782.07614 • 
D •9 

c 

0.0860866 • 4.84619 x 10-3 

17.763769 • D 1 •472 
c 

(1) 

D 1.4 
c 

D 1.4 
c 

D -0.072 
c 

' /1.472 • 7.06104477 ems. 

Putting the value of 'De• in equation (2) 

782.07614 
.09 

(7.0619447~ 

655.9199 cm 
sec. 

• 655.9199 cm 
sec. 

Verification of Discharge• 

7 c:m 

7/7 • 1 CID 

7/5 • 1.4 em 

7/15 • o.466 aa 

'1T d C), • 0. 7855 Clfl
2 

1 

' 655.92 sm.. 
aec. 

v • 0• 7855 x 655.92 • s1s.22516 cm3 

~ • Ai x i aec. 



515.22516 x 1.1899 - 612.81 gm 

sec. 

612.8 x 360g 
1000 - 2201.11 J(q nr:-

20. 

The dimensioned sketch of the Hyd%0eyclone is shown in 

l'ig.1 Cb). 

4.2 DESCRIPTION OF THE EXPERIMENTAL 
SETUP 

The schematic diagram of the experimental setup 

is shown in Fig 2. It consisted of a tank (1) connected 

to the inlet of centrifugal pump (2). The discharge line 

of the centrifugal pump (2) was provided with a bypass line 

to control the feed rate. The feed line was connected to 

hyd%0cycl.one inlet (3). A Bourden type pressure gauge (4) 

was provided to measure the feed pressure. 'lhe feed 

pressure could be controlled by a control valve (S) and 

also by a by-pus valve (6). Durino recirc::ulation the 

under flow was directed to feed tank (1) through a hose 

pipe. 'lbe over flow line was bif\lrcated into two part.a• 

the feed line and the by-paaa line. 1be feed line was 

provided with a control valve (7) and connected to the 

aalt injecter (8). 'lbe ealting chamber consiated of two 

componenua 

(i) Butter moulding machine (9) 

(ii) Mixing device (10) 
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--------------------------

8 7 

31 13 

1. TANK 
2. CENTRIFUGAL PUMP 
3. HYDROCYCLONE INLET 

4. BURDON PRESSURE 
GAUGE 

S. FEED CONTROL VAL VE 

6 . FEED BY-PASS VALVE 

FIG.2 

I I 

SALT IN 

9 

12 

7 . O.F. CONTROL VALVE 

8 . 0. F. BY-PASS VALVE 

~ 

w 
t- t­
t- .:::> 

~::> 0 
ill 

9. BUTTER MOULDING MA CHINE 
I 0 . Ml XING OEVlCE 

II . PULLEY 
12 . MOTOR 
13. HVDROCYCLONE 

SCHEMATIC LINE DIAGRAM OF EXPERIMENTAL SET-UP. 
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Butter moulding machine has two augers. The 

augers were driven by a ll¥)tor and pulley arrangement. 

The exploded view of mixing device is shown in Fig 3. 

It consisted of one perforated plate (P) and a cone ( C) • 

This device was fixed to the outlet of the butter rroulding 

machine. 

Salt was injected through a line connected 

from the over flow straight way into the chamber of the 

butter moulding machine. 

sr. No. 

1. 

2. 

3. 

s. 

Item 

Tank 

Hyd.rocyclone 

Pump 

Pipe fittings 

Butter ~uldin; 
machine 

Specification 

1818 stainless steel 

~ a 30.5 cm 

Height = 3 cm 

Capacity • 30 litres 

1818 stainless steel 

CentrifUgal 

A.c. Industion Motor. 

H.P. • 1 

Phase • 3 

Head • 2.2 M. 

Discharge • S,000 lit/hr. 

Galvanized iron 

- • 1.3 cm 

Make a -Laval 

capacity 15 ktVhr. 



Mixing devices 

1) Perforated plate 1s.2 cm x 10.2 cm 

1.3 cm drill 

Mild Steel 

ii) Cone 

L • 3 cm 

4.3 PERPORMANCE TESTING OF HYDROCYCLONE 

22. 

Predetennined quantity of brine slurry was 

preparecS by taking 40 parts by weight of corrmon salt 

with 60 parts by -1ght of water. Then all the valves 

of the setup were closed except valw No. (6) to achieve 

proper mixing. 1'len valve number (6) was closed and 

all the control valves for under flow and over flow were 

opened. The mass flow rate waa calculated for both 

owr flow and underflow and the saq>les were collected 

from under flow, over flow and feed for testing of 

c:oncentretion and particle aiae distribution. The outlet 

temperature of over flow was also measured. The trials 
0 

were conducted at 6, 12 anc! 20 c. 

collection am preaenation of •!l!Rl• 

sample• for cheeking of concentration were 

c0llec:ted fl'Om owrnow. But for the determination of 
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Particle aize distribution, the samples van collected 

from feed, under flow and OVer flow. The samples were 

preserved in mixture of diethyl ether and petroleium 

ether (50150) in which brine is completely insoluble 

to Prevent salt crystal growth. 

Partic1• 1111 AistriWtion 

4.3.2.1 MicJ:Oscopic analyaiaa !U.cxoecopic analysis was 

done to detez:mine range of the salt particles. 

A thin smear waa made on a glass slide and to 1 t 

Nigrosine was added to obtain coloured back ground. Thia 

vaa observed under low power microscope and simultaneously 

th• size wu measured by an occular micrometer. 

4.3.2.2 Wet acreeninga The wet screening m.thod waa 

adopted to determine the size distribution of salt 

particle• in the entire sample. 

In thi• process. three acreena of meah aiue 

120, 200 and 240 were chosen which correspond to 115, 74 

and 63 microns respecti•lY• All the•• acreena were placed 

one amve the other iD all uaencH.ng oner of meah •i• and at 

~ mttoa, a ve•Ml vu Jciept. 'l'hia uran~.-nt. wu 

fiye4 to a a.chan.ical M&kere Total llllQUnt. of alur~ fed 

throuoh th• top acraen th• amounta retained owr ••ch 
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screen and at the bottom. were determined. This procedure 

was adopted for feed. under flow and over flow. 

4.4 PROCEDURE ~R Ill:TECTING SALT 
IN'ro BUTTER 

Brine slurry (40160) was prepared and kept in 

the brine tank. All the valves were closed except 

valve (6) to achieve proper mixing. Then valve (6) was 

cloeed and all the valves were opened. Valve (7) was 

adjusted in such a way that it exactly deli ve~d 2 per 

cent brine. This method was standardized prior to 

starting of the operation. Then the brine pump and 

butter moulding machine were switched on. 

Collection of 1mnples 

The butter ejected out from mixing device in 

the form of a continuous cylindrical roll. The samples 

were collected at various section along the length of 

the butter roll. 

4.5 ANALYTICAL PROCEDURE 

s:9ncentration 

An aiwninium dish was cleaned, dried and then 

wei9hed empty. The sample waa taken into the diah and 

,...9 sample waa kept in hot air oven and weighed 
wei;hed. ~ .. 



P£RF0RATEO PLATE (P) 

Fl G. 3 (a) 

EXPLODED VIEW OF MIXING 

FIG. 3 (b) 

CONE (c) 

DEVICE. 

SCHEMATIC DIAGRAM OF MIXING DEVICE. 



internaittantly till the weight was constant. 

4•5•1•1 Calculations 

4.5.2 

A •weight of the emply dish in q 

B • weight of dish + sample in g 

c a weight of dish + salt in g 

B-A • weight of sample in q 

C-A =- weight of salt in g 

B-C = weight of moisture in g 

Parts of salt ~ y • ~t x 100 

Parts of water • z • 100 - Y 

Concentr~tion • YaZ 

S@l t content in ~tttr 

25. 

The butter was melted in hot water and chloride 

in the mixture was titrated with a solution of silver 

nitrate using potassium chromate as indicator. 

S gram of the sample was accurately weighed 

in a conical flask. 100 ml of boiling distilled water 

waa carefully added. It waa allowed to stand with 

occasional swirling for 5 to 10 minutes. It was cooled 

to so-ss0 c (titration umperature) 2 ml of potassium 

chromate was added. Aqain it waa mixed by awirling. 



0.25 gm of calcium carbonate was added and again mixed 

by •wirling. This mixture waa titrated at so-ss0 c with 

Standard silver nitrate solution with continuouBly swirling 

until the brownish colour persists for half a minute. A 

blank test wu carried out with all the reagents in the 

same quantity except the sample material. 

where 

sodium chloride • s.as N <v1 - v2> 
per cent by 
weight w 

N • 

w • 

Normality of silver nitrate 50 per cent 

Volume of silver nitrate in the sample 
titration. 

volume of silver nitrate in the blank 
titration and 

Weight in g of the sample. 



CHAPTER S. 



S. RESULTS AND DISCUSSION 

In acoordanc:e with the objectives of the study 

earlier stated the investigations were conducted. Based 

on these, the necessary data was recorded and analysed. 

S.1 ANALYSIS OF TRIALS 

The studies involved the following stepsa 

A. Performance testing of hydrocyclone 

(i) Bf feet of temperature on mass flow 

rate and concentration. 

(ii) Salt particle size distribution. 

e. Mixin9 of salt in butter. 

s.1.1 Thirty trials, 10 each at temperatures of 6, 12 

and 20°c were conducted and the results were recorded in 

tables 5 .1 to 5. 3. In all the trial.a the feed slurry 

concentration was kept at 40a60 level. 

0 
s.1.1.1 When the feed temperature was maintained at 6 c, 

the cliachar;e rate ranged from 1238 to 1280 JcWhr and aa 

auch, th• over-flow discharge rates were in the range of 

860 to 812 kWt\r and under flow ranged from 398 to 468 

Jci;/lu' reapectiftly. '1'he awra99 brine concentration in 

o~flow vu Jt.s • &o.s. 
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When the feed temperature waa maintained at 
12°c, the discharge rate ranged from 1614 to 1618 kg/hr 

and aa such, the ever-flow discharge rates were in the 

range of 1100 to 1105 kq/hr and underflow 508 to 518 

Jcg/hr respect! V9l y. The average brine concentration 

in O'Wtr-flow was 38.4161.6. 

When the feed temperature was maintained at 20°c, 

the discharge rate ranged from 2174 to 2191 kq/hr and aa 

such, the over-now discharge rates were in the range of 

1504 to 1518 kq/hr and under flow 668 to 680 kg/hr 

respectively. The average brine concentration in over­

flow was 37.6 1 62.4. 

Prom the above mentioned observations it can be 

inferred that mass flow rate ie a function of temperature. 
0 

Aa the temperature increased from 6 to 20 c the mass flow 

rate increased. 1b.is could be attributed to lowering of 

viscosity of the brine slurry with increasing temperature. 

At lower temperature the soluhili ty of sodium chloride 

alao decreasea resulting in large number aalt particles 

remaining in suspended form in the solution and hence 

forming a viacoua alurey. 

It wu alao ol>aerftd. that u the feed t.mperature 

iM~•.S. fio• 6°c to 20°c th• ealt concentration in 



in Oftr-flow decreased from 98.75 per cent to 94 per 
cent. 

29. 

'l'he reason could be that at lower temperature 

the slurry becomes highly viscous and la.rqe number of 

the salt Particles remain in suspended font. This might 

enhance collection of mre solids in the over-flow. 

S.1.1.2 Particle size diatributiona The particle size 

distribution waa investigated thro\19h microscopy and wet­

sc:reening method. 

The microscopic examination revealed that the 

particle size in the main feed. over-flow and under-flow 

ranged u •0-120, 4~90 and 40-120 microns respectively. 

These figures seem to over lap each other. 

tc estimate the quantity in each range wet 

screening method was adopted. The results obtained are 

shown in table S.4. It was observed that the large 

percentage of fine• in the ranqe of 63 and 74 microns, 

were obtained in over-flow as compared U> that in under 

flow. Th• •alt particlu in thie range are euily 

diapenibl• in butter. 

Since almo•t all de•ivna of hydroeyc:lone are 

baaed • dso concept, tM particle aiM preeen~ in the 

feM! whic:h haa atutieally 50 per eent ehance• either to 
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be recovered in overflow or underflow. 

To achieve higher separation efficiency 

micropul verized salt should be used. The salt should be 

wet qrounded followed by separation of over size particle s 

in a hydrocyclone system. The roost successful method 

would be uainq two hydrocyclones in such a way that the 

under-flow of the first hydrocyclone will be the feed for 

the second hydroc:yclone and finally the over-flow of the 

second hydrocyclone should be injected in continuous 

butter making machine. 

Though salt mixing section could not be exactly 

simulated as that exists in the continuous butter malting 

machine, somewhat a similar system was developed. The 

samples collected from the mixing device were analysed 

for salt distribution and the resul ta were recorded in 

table s.s. It could be observed that out of ten samples, 

six had unifonn salt content. The arm:>unt of salt content 

in the final product wae lass than the a.mount injected 

because ao• portion of salt was lost in butter milk. 

Considering the imperfections in mixinc; device, 

the aalt distribution in •ample• can be regarded u 

satisfactory. 'n\ia reault can be attributed to the 

hydroc:yclone• perfOrmanc• in yielding fine •alt part.id•• 

in th• over-flow which could be di•tributed in the butter 

euily. 



CALCULATIONS 

concentration 

A • 30.20 grams 

B - 40.30 grams 

c I: 34.1.39 grams 

B-A - 40.30 - 30.20 • 10.1 grams 

C-A s: 34.139 - 30.20 -

B-C I: 40.30 - 34.139 -

Parts of salt • Y • c-A x 100 
B-A 

3.939 

6.161 

a 3.939 X 100 
10.1 

II 39 

Pa.rta of water • z • 100-39 • 61 

concentration • 39~61 

Salt qmtagt 

w .: 5 g:xw 

• 0.1 

v1 - 30.6 

v2 - 15.4 al 

qramis 

9ram8 

aod.itw chloride 
per cemt br • ( 1 - 2 > 

weight 

-
• 

• 
s.15 x 0 .1 <10·' - 15.tl 

5 

S.fS a p.1 (\S.2) 
5 

\ 
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TA8LS 5.1 I ~ RATE., COl1CDTRATION A1K> PARXI.a.E SI 
or nm • '0160 

l'LON AAD . ~) Concentration 
Of overflow 

O\ltlet owr Under Total ai.er 
T9nl»· f loM flow flow flow 
ov.r 0 low c. 

• 1 10 468 1278 39161 40-90 ,, 000 J98 1258 39.2 I 60.8 40-90 

u .... 12 460 1280 39 I 61 40-78 

0 603 471 1274 39.8 I 60.2 40-90 

u ->2 445 1 277 39.5 I 60.5 40-90 

"·! 890 385 1 :275 39.4 I 60.6 40-SO 

.. - >O ''' 124, 39.8 I 60.2 40-78 

t f\)2 ''' 1:'79 39.2 • 60.8 40-90 

.... . s o•o ,,. 1 ~ 71 39.7 I 60.J 40-80 

.. . . 1) ,,, 1.277 39.7 I 60.l 40-90 

UDder 
flow 

40-120 

40-110 

40-120 

40-120 

40-120 

40-110 

40-110 

40-105 

.0-110 

40-120 

... 
40-120 

40-120 

40-120 

40-120 

40-125 

40-110 

40-110 

40-110 

40-110 

40-120 

w 
w 
• 



sr. ... 
1. 

2. 

3. 

'· s. 
6. 

1. 

a. 
9. 

10. 

Inlet 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

TABLB 5.2 t PLOW RATE. CONCENTRATION ~D PARTICLE SIZE CONCENTRAflO~ 
OP F'SSD 40160 

Outlet 
T.-p. 
over 
flow 0 c 

15 

19 

18 

15 

16 

15 

18 

17 

18 

15 

l'LOW RATE .!g 
hr 

OVer Under Total 
flow flow flow 

1100 518 

1104 514 

1102 515 

1104 512 

1105 512 

1104 512 

1103 511 

1105 511 

1105 508 

1104 514 

(obaer­
...S) 

1618 

1618 

1617 

1616 

1617 

1616 

1614 

1616 

1613 

1618 

concentration 
of 

overflow 

38.1 • 61.9 

38.1 • 61.9 

38.8 s 61.2 

38.1 • 61.9 

38.1 • 61.9 

38.2 I 61.8 

38.1 • 61.9 

38.6 I 61.4 

38.6 I 61.4 

38.2 I 61.8 

PARTia.E SIZE DIS'l'lU:aJTIOR DI 
MICRONS (MICROsa>PIC ARALYSI8} 

Over 
flow 

40-110 

40-SO 

40-80 

40-90 

40-SO 

40-80 

40-80 

40-SO 

40-80 

40-80 

Under 
flow 

40-110 

40-110 

40-110 

40-120 

40-120 

40-110 

40-105 

40-120 

40-110 

40-110 

Feed 

40-110 

40-120 

40-110 

40-120 

40-120 

40-110 

40-110 

40-120 

40-110 

40-120 

w 
w 
• 



sr. 
11o. 

1. 

2. 

3. 

4. 

s. 
6. 

1. 

a. 
9. 

10. 

TA.BLB 5.3 1 FLOW RATE,, CONCENTR t.TION AND PARTICLE SI ZE CONCEN'l'RATION 
OF FEED 40160 

Inlet 
Tanp.o 
feed c 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Outlet 
Temp.o 
Flow C 

27 

27 

27.5 

29 

27 

27.S 

28 

27 

27 

27 

FLOW RATE JSg 
hr 

Over 
Plow 

Under -Total 

1511 

1518 

1509 

1504 

1507 

1516 

1508 

1508 

1509 

1504 

Plow Flow 

668 

672 

672 

670 

678 

675 

673 

672 

668 

680 

(obsar­
Yed) 

2179 

2190 

2181 

2174 

2185 

2191 

?.101 

2180 

2177 

2184 

concentration 

of 
Overflow 

37.9 I 61.1 

37.8 • 62.2 

37.1 I 62.9 

37.9 • 62.1 

37.9 I 62.1 

37.6 I 62.4 

38.0 I 62.0 

38.1 I 61.9 

37.9 I 62e1 

37.6 I 62.4 

PAHTICLE SIZE DI STRI 13trl'ION IN 
MICRONS (MICROSCOPIC ANALYSIS) 

Over 
.i'lov 

40-90 

40-90 

40-80 

40-110 

40-80 

40-90 

40-90 

40-90 

40-80 

40-90 

Under 
Flow 

40-110 

40-110 

40-110 

40-120 

40-120 

40-110 

40-110 

40-110 

40-110 

40-110 

Feed 

40-110 

40-110 

40-110 

40-120 

40-120 

40-120 

40-110 

40-120 

40-120 

40-120 

t 
• 



TABLE 5.4 a WET SCREENING ANALY~S 

OVER FLOW UNDER FLOW 
Particles Retained (%) Particles Retained (%) 

sr. 120 Mesh 200 Mesh 2~0 Mesh 120 Mesh 200 Mesh 240 Mesh 
No. sise size sJ.ze size size size 

(115 (74 (63 (115 (74 (63 
Microns) Microns) MJ.crons) Microns) MJ.c.rons) Microns) 

1. 30 24 15 99 12 6 

2. 28 24 15 79 12 6 

l. 28 23 15 79 11 7 

4. 31 24 15 79 11 6 

AV 29.25 23.75 15 79 11.s 6.25 

FEED 
Particles Retained (%) 

120Mesh 200 Mesh 
size size 

C11s (74 
Microns .Microns 

91.7 3.9 

91.0 3.0 

91.0 4.0 

91.0 3.0 

91 3.25 

240 Mesh 
size 

(63 
Microns) 

2.0 

2.0 

1.0 

2.0 

1.75 

w 
U1 
• 
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TABLB 5.5 I SALT DlSTRIBUTXON 

Amount of aalt 
injected (") 

2 

2 

Am:>unt of salt obtained in final product % 
1 2 3 4 5 

1.875 1.775 1.775 1.775 

1.775 1.775 1.875 1.775 1.82s 

\ 



CHAPTER 6. 



6. SUMMARY 

A hyd.cocyclone t.o handle salt slurry was deai9ned 

on 450 concept and its performance was teated. Dl s c har e 

rate and concentration of slurry from ove~flow and 

underflow were found to be temperature dependent. Aa 

the temperature waa increased, discharge rate increa ed 

but the concentration decreased. The particle aize 

measurement and distribution were determined by m1cro aco1Jic 

and wet screening techniquu. 

A salt mixing device vaa al so deve lo ed . in.c 

s alt slurry in 80 micron range particle aize, ob tain ~ 

from over-flow of hydrocyclone, was inj cted into butter 

111Culding machine. 'lhe butter sample• were teated for 

uniform salt distribution. Out of ten a l e a, aix had 

salt content of 1.775 per cent while the ~ r 

had 1.ess respectively. In overflow l a r ge p r c;porti..cn 

of particl .. were in the r8Jl99 of 40-SO microna. 

conaiderill9 the imper fectiona in a al t - 1 ... 

aal t di• tribu ti.on in aople vu aa U. facto ry• 'th1.a " 

al.o attributed to tbe nyd.%0C7cloee pe.rtom1rre in j'ieldJ "J 

fine aalt part.icl .. in the owr•flow• 
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