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ABSTRACT 

The aim of the present study is to construct and evaluate a centrifugal milk 

separator for cream and skim milk production. The milk separator consists 

of five main parts: power source, transmission system, collection milk 

vessel, centrifugal separation unit and production collectors. The 

centrifugal separation unit consists of three parts: housing, separated discs 

with totally number of 40 conical discs collect and fix in the housing 

together and stuck base, which fastening the conical discs and the housing 

together through a stud and Hex. Hd. Nut. Laboratory experiments were 

conducted to optimize milk feeding rate, separation rotating speed and raw 

milk temperature degree. While the separator performance was evaluated in 

terms of cream and skim milk amounts, skim milk fat percentage, separation 

efficiency, specific energy and operational cost of milk separation. The 

experimental results reveal that the milk separator is recommended to be 

used under the following conditions to give the highest cream amount of 35 

kg/h with lower specific energy and operational cost of 25.14 kW.h/Mg and 

228.60 L.E/Mg, respectively: 

- Milk feeding rate to the conical separating unit of 400 kg/h. 

- Separation rotating speed of 8000 rpm. 

- Temperature degree for the raw milk of 37 C. 

1. INTRODUCTION 

ilk is the oldest and at the same time most natural “energy drink” 

in the world. Alongside the health aspect is the enjoyment 

factor. New specialists, not least in quark and soft cheese 

products or flavored drinks, have resulted in chiller cabinets for dairy 

products becoming larger than ever. The major components of raw milk are 

water, fat, protein, lactose and minerals. These components can be 

influenced by many factors, including genetics and nutrition.  
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Cream is prepared from milk by centrifugal separation. United States 

standards require cream containing a minimum of 36% fat to be labeled 

“heavy whipping” cream. Cream used as an ingredient contains 36% to 40% 

fat. By standardizing with skim milk, cream of different fat levels can be 

produced. Light whipping cream and light (“coffee” or “table”) cream 

contain 30% to 36% and 18% to 30% fat, respectively. Specific 

homogenization and heat treatments bring about desirable grades of 

viscosity in cream products. Cream should be stored under refrigeration. It 

can be quick-frozen and stored frozen until used. (According to DMI, 

2005). Burgess (1991) stated that the modern dairy separator will separate 

virtually all fat globules larger than 0.8 μm, and because most of the milk fat 

is present in the form of such globules, it is relatively easy to separate the 

bulk of the milk fat. Fat globules below 0.8 μm are generally referred to as 

no separable globules. Tetra Centri (2003) reported that the cold milk 

separation at 4-8 °C is the alternative when heating milk is undesirable. 

Cream’s viscosity and characteristics at low temperatures make the Air-

Tight technology the only feasible form of separation for this task. The fat 

content of the skim milk can vary between 0.1-0.2% and the maximum fat 

content of the cream at 40 °F is generally 42%. The hot milk can be also 

separated the globular milk fat from the serum, the skim milk. The 

separation process is normally incorporated into a pasteurization line and 

combined with a Tetra Alfast in-line fat standardization system. Outgoing 

cream from Tetra Centri Air-Tight separators can contain up to 70% fat. The 

skimming efficiency of hot milk separators has been enhanced. In a modern 

dairy, common Tetra Centri skimming efficiency figures are in the range of 

0.045-0.06%. Endress and Hauser (2008) found that after the initial 

heating of the raw milk in the first regenerator section of the HTST, the raw, 

whole milk, containing approximately 3.6% fat, is separated into a cream 

phase and a skim milk phase with a constant fat content. To reach the 

desired fat content of the cream, a controlled flow rate of skim milk enters 

the cream line in the separator. Cream is usually standardized from 35% to 

50% fat. Standardized cream can then be remixed with the skim after the 

separator. The flow rate of the remixed, standardized cream with the skim 

phase determines the final milk standardization (1-2%). If none of the 

standardized cream is remixed, the final product is skim milk. Westfalia 
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(2010) reported that raw milk contains around 4 percent fat. In order to 

produce non-fat milk, this cream must first be separated. Here, a 

differentiation is made between warm milk separation at temperatures 

between 50 and 60 °C and cold milk separation, which takes place at 

temperatures between 4 and 30 °C. A vertical centrifugal separator supports 

both these processes. For locally milk, this means the lowest possible feed 

pressure, gentle product intake, the lowest possible shearing forces and 

therefore the highest possible separation efficiency. Atia et al. (2012) 

reported that the centrifugal separation is a very common process in dairies. 

A centrifugal separator consists of a stack of discs in a rotating bowl. The 

entering milk is accelerated to the same speed of rotation as the bowl and is 

distributed in the separation channels between the discs. The cream, having 

a lower density than skimmed milk, moves inwards towards the axis of 

rotation, whereas the skimmed milk moves outwards to the space outside the 

disc stack. The two fractions are then discharged from the separator through 

separate outlets. In most dairies the cream separation is carried out by means 

of self-cleaning separators. The milk is separated into a stream of cream 

containing 40% fat and a stream of skimmed milk containing 0.04-0.07% 

fat. The separator also discharges sediment consisting of dirt particles, udder 

cells, bacteria, leucocytes, etc., which is normally carried to the drain. The 

total amount of sediment in milk is normally about 1 kg/10,000 liters. The 

separator is usually connected to the preheating section of the pasteurizer, as 

the optimum temperature for separation is about 65°C. Westfalia (2012) 

reported that the centrifugal of cream concentrators are directed towards the 

following: a) attainment of a high cream fat content, b) maximum separating 

efficiency to achieve the lowest residual fat content in the discharging heavy 

phase and c) fast and precise partial solids ejection from the bowl in order to 

minimize fat losses. The 40% cream to be concentrated is fed through the 

central feed tube with a certain flow velocity into the inlet chamber, which 

rotates at the same speed as the bowl. The energy of flow in the stationary 

feed tube is converted into pressure energy in the optimally widened inlet 

chamber (principle of the soft-stream system). Kenana online (2013) 

reported that, the factors which can be affected the percentage of fat in the 

cream and fat losses of in the skim milk were; a) Separator rotating speed: 

the percentage of fat in the cream increases as the separation rotating speed 
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(centrifugal force) is increasing. B) The temperature of raw milk: the most 

suitable temperature to skim milk ranging between 29-43 C. c) Feeding rate 

of raw milk in the separator cone: If the feeding rate of entry milk to the 

separator increased, the separation efficiency decreased due to lack of 

centrifugal force acting on milk and therefore can not be separated fat 

efficiently from the raw milk and increases the loss of fat in the skim milk 

and also increases the amount of cream and less than fat. Meshref (2013) 

mentioned that most farmers milk their cows and buffaloes manually and 

separate milk into cream and skimmed milk. The skimmed milk is used to 

manufacture Kareish cheese, while the fresh cream is stored at room 

temperature in a one-piece goatskin bag to make butter.  

So, the objectives of this study are to: 

 Construct a vertical milk separator to be suitable for separating the cream 

from the raw milk. 

 Optimize some operating parameters: milk feeding rate, separation speed 

by centrifugal force, and temperature degree of the raw milk affecting the 

performance of the milk separator. 

 Evaluate the milk separator from the economic point of view.  

2. MATERIALS AND METHOD 

This study was carried out through the during the summer season of  

2013 at Agricultural Engineering Department and Food Science 

Department,  Faculty of Agriculture, Zagazig University to construct and 

evaluate the performance evaluation of a centrifugal milk separator for 

cream skimming from raw milk. 

2.1. MATERIALS: 

2.1.1. Raw milk: Fat full milk used to separate cream from raw milk was 

gathered from local buffalos in Abo Al-Akhdar village, Sharkia 

Governorate. The milk fat exists as small globules or droplets dispersed 

in the milk serum. Their diameters range from 0.1 to 20 µm. The average 

size is 3-4 µm and there are some 15 billion globules per ml. As the fat 

globules are not only the largest particles in the milk but also the lightest 

density at 15.5°C = 0.93 g/cm
3
. They tend to rise to the surface when 

milk is left to stand in a vessel for a while. But the small size of the fat 

globules makes creaming a slow process. 
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2.1.2. Constructed milk separator: The constructed milk separator was 

manufactured from low cost and local materials to overcome the problems 

of high cream loss percentage in skim milk and the low overall separator 

efficiency under the use of the other separators. The centrifugal milk 

separator was manufactured specially for this work and constructed at a 

private workshop in Sharkia Governorate as shown in Fig.1 and Photo 1. 

The constructed milk separator consists of the following parts:  

2.1.2.1. Power source: An electric motor with rated power of 1.10 kW 

(1.50 hp) at a rated speed of 1500 rpm was used to operate the milk 

separator by means of pulleys and V-belt. 

2.1.2.2. Transmission system: The rotating motion of the electrical motor 

was transported to the vertical separation unit using V-belt and two pulleys: 

the first one located on the electrical motor shaft with changeable diameters 

of 45, 55, 6.5 and 75 mm, while the second one located on the separation 

unit shaft with constant diameter of 150 mm.   

2.1.2.3. Collection milk vessel: a collection milk vessel was made from 

aluminum with whole diameter at the top end of 530mm and depth of 

280mm to receive the worm milk at treatment temperature. The collection 

milk vessel is steady on a circular metal base and has a tap located at the 

front side directly over the inlet gate of the stuck discs. The inlet gate has 

aluminum float to adjust the worm milk feed rate entering to the disc stuck. 

2.1.2.4. Centrifugal separation unit: called (Stuck discs), which consists of 

three parts: the first part is the housing or the cover made of steel with 

conical in shape (large diameter of 160mm, small diameter of 50mm and 

height of 90mm). The second part is the separated discs with totally number 

of 40 conical discs collect and fix in the housing together.  Each disc has 

three holes with 10mm diameter located at the circumference of the disc 

from the upper side. The third part is the stuck base, which fastening the 

conical discs and the housing together through a stud and Hex. Hd. Nut. 

2.1.2.5. Productions collectors: during the milk separator is operating, the 

cream comes out from the disc stuck to the cream out let and the skim milk 

comes out from the disc stuck to the skim milk out let. Each out let is 

delivering its product through a runway to a special container. 

2.1.2.6. Frame: the milk separator has a special rectangular frame with three 

stands to carry all milk separator components. This frame has metal base 

with dimensions of 850mm in length, 320mm in width and 40mm in 

thickness. 
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2.2.1. Physical properties of milk: in recent years, there has been a general 

recognition of the need to determine the physical and engineering 

characteristics of milk. This characteristics are used to design and 

manufacture different machines or in the analysis of the behavior of the 

product in handling of material. In this study some physical and engineering 

properties of milk were either measured or calculated. A random sample of 

5.00 kg was taken from raw milk to obtain data on some physical properties 

such; as appearance, density and acidity. 

2.2.1.1. Appearance: the opacity of milk is due to its content of 

suspended particles of fat, proteins and certain minerals. The color varies 

from white to yellow according to the coloration (carotene content) of the 

fat. Skim milk is more transparent, with a slightly bluish tinge. 

2.2.1.2. Density: the density of milk normally varies between 1.028 and 

1.038 g/cm
3
 depending on the composition. The density of milk at 15.5 

°C can be calculated according to following formula: 

3g/cm,
Water1.608SNF0.93F

100
ρ


                    (1) 

Where: F = Fat in milk, %.       

SNF = Solids non fat, %. 

Water, % = 100 – F – SNF. 

2.2.1.3. Acidity: the acidity of a solution depends on the concentration of 

hydronium ions [H
+
] in it. When the concentrations of [H

+
] and [OH

–
] 

(hydroxyl) ions are equal, the solution is called neutral pH represents the 

hydronium ion concentration of a solution and can mathematically be 

defined as the negative logarithm of the hydronium ion [H
+
] 

concentration. The pH value of a solution or product represents the 

present (true) acidity. Normal milk is a slightly acid solution with a pH 

falling between 6.5 and 6.7 with 6.6 the most usual value. Temperature 

of measurement near 25°C, the pH is checked with a pH-meter. 

2.2.2. Preparation of milk separation: Raw milk must be strained to 

remove any dirt or particles. Milk must not be cold, homogenized or sour. 

For best results, separate milk right out of the cows or buffaloes. If that is 

not possible, rewarm the milk to approximate cow body temperature 38°C 

(100°F). It is very important that the milk is warm and stays warm 
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throughout the separating process. The milk prepared for separation process 

will warm as follows:  

- A tank with approximately 20 liters of water was but over the flame, then 

the milk container of 10 kg was place into the water to catch the heat of 

hot water.  

- When the temperature of milk reached about 35-42°C, it will disburden in 

the separator vessel slowly.   

2.2.3. Separation process: machine operation for separating and removing 

cream from whole milk is based on the fact that skim milk (milk with no 

butterfat) is heavier than cream. The separator consists of a centrifuge in the 

form of a rapidly revolving bowl containing a set of disks shown in Fig.2. 

The bowl is mounted on a spindle situated underneath the milk supply tank. 

As milk enters the bowl at the top, it is distributed to the disks through a 

series of openings in the distributor.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
No. Part name No. off No. Part name No. off 

1 Feed opening 1 6 Discs 40 

2 Cream outlet 1 7 Soft-stream inlet 1 

3 Skim milk outlet 1 8 Sediment holding space 1 

4 Skim milk chamber 1 9 Sediment ejection space 1 

5 Cream chamber 1 10 Rotor 1 

Fig.2. A cross section of the milk centrifugal separator. 
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Thin films of milk are generated as whole milk is forced out between the 

disks; the milk assumes the speed of the bowl, approximately 6000 to 8000 

rpm and the heavier skim milk is thrown to the outer edge of the bowl and 

led off through an opening. The cream concentrates in the interior and 

moves up to the cream outlet near the center of the bowl. The most efficient 

separators leave less than 0.01 percent fat in the skim milk. 

2.2.4. Separation by centrifugal force: in the dairy industry, in 

particular, there were cream and cultured milk products which 

characteristics can be partially or completely spoiled if their flow 

behavior was not understood. What follows here was a brief guide to the 

flow behavior of some typical dairy industry products. 

2.2.5. Sedimentation velocity: a field of centrifugal force was generated 

if a vessel was filled with liquid and spun. This creates a centrifugal 

acceleration. The centrifugal acceleration was not constant like the 

gravity g in a stationary vessel. The centrifugal acceleration increased 

with distance from the axis of rotation radius (r) and with the speed of 

rotation, expressed as angular velocity (ω). The acceleration can be 

calculated by the formula:  

 
2

m/s      , 
2

a r                                           (2) 

Where: r = radius of separation cone, m         ω = angular velocity, rad/s. 

The following formula was obtained if the centrifugal acceleration was 

substituted for the gravitational acceleration in Stokes’ law equation can 

be used to calculate the sedimentation velocity (v) of each particle in the 

centrifuge. 

 
2

rω .
μ 18

fg
ρ

sm
ρ2d

c
V








 

                              (3) 

Where: d = diameter of fat globule, m. 

sm = density of the skim milk, kg/m
3
. 

fg = density of the fat globules, kg/m
3
. 

μ = dynamic viscosity, kg/m.s. 

2.2.6. Flotation velocity of a fat globule: equation (4) was previously 

used to calculate the flotation velocity of a single fat globule 3 µm in 

diameter at a radial position of 0.05 m in a centrifuge rotating at a speed 

of N = 8000 rpm. The angular velocity can be calculated as: 
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  rad/s , 
60

N2 



                                       (4) 

Where: N = rotation speed of separation cone, rpm. 

Dividing the sedimentation velocity in a centrifugal force field by the 

sedimentation velocity in a gravity field gives the efficiency of 

centrifugal separation, compared with sedimentation by gravity. The 

sedimentation velocity in the centrifuge was 5.92 10
-4

 m/s = 0.592 

mm/s. 

2.3.7. Experimental methodology: The present study was conducted to 

investigate the relation between separation rotating speed of the disc stuck 

separator, milk feed rate and milk temperature degree and their effect on 

cream and skim milk amounts, cream and skim milk fat percentage, 

separation efficiency, specific energy and operational cost. 

The centrifugal milk separator was evaluated using the following 

parameters: 

- Milk feed rate: 150, 250, 350 and 400 kg/h. 

- Milk temperature: 35, 37, 40 and 42 °C. 

- Separator rotating speeds: 6000, 7000, 8000 and 9000 rpm.  

2.3. MEASUREMENTS AND DETERMINATIONS:  

Evaluation of the performance of the centrifugal milk separator was based 

on the following indicators: 

3.1.1. Cream amount, (CAm.): 

h/kg,
t

C
C M

.Am                                            (5) 

Where: CM = Mass of cream in the milk sample, (kg). 

t = Time consumed in the separation process, (h). 

3.1.2. Skim milk amount, (SMAm.): 

h/kg,
t

SM
SM M

.Am                                       (6) 

Where: SMM = Mass of skim milk in the sample, (kg). 

t = Time consumed in the separation process, (h). 

3.1.3. Cream fat percentage, (CF): 

Cream fat percentage was determined according to Gerber's method (1891). 

3.1.4. Skim milk fat percentage, (SMF): 

Cream fat percentage was determined according to Gerber's Method (1891). 
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3.1.5. Separation efficiency, (ηSep.): 

%,
C

C

Total

.Am
.Sep                                            (7) 

Where: CTotal = Mass of cream in the sample, (kg). 

CTotal = CAm. + CL                                             (8) 

Where: CL = Mass of cream loss in the skim milk, (kg). 

3.1.6. Required power, (Po): 

The required power was estimated with the following formula. (Jon Ashby, 

1988).    

 VIφ cos3Po                                       (9) 

Where: Po = power required, kW              I = current intensity, Ampere 

            V = Voltage, (380 v)                      φ cos = 0.70 

3.1.7. Specific energy:  

Specific energy for the separation process can be calculated as follows: 

  kW.h/kg       ,
sp

E
Am.C

Po
                                  (10) 

3.1.8. Operational cost:  

The operational cost required for the separation process was estimated using 

the following equation: (Awady, et al. 1982).  

 L.E/Mg       ,
.op

C
Am.C

C
                                 (11) 

Where: C = Hourly cost, L.E./h.          

The hourly cost of milk separator was determined using the following 

equation: (Awady, 1978).  

L.E/h   ,
144

m
(W.e)r)t

2

i

a

1
(

h

p
 C                    (12) 

Where:  

p = price of machine, L.E.               h = yearly working hours, h/year 

a = life expectancy, h.                     i = interest rate/year 

t = taxes, over heads ratio.          r = repairs and maintenance ratio 

W = power of motor in kW.          m = monthly average wage, L.E. 

e = hourly cost/kW.h                144= monthly working hours. 
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3. RESULTS AND DISCUSSION 

The obtained results will be discussed under the following items: 

3.1. Influence of separation speed and temperature degree on cream 

and skim milk amounts: 

Concerning the effect of separation speed, Fig.3 show that increasing 

separation speed from 6000 to 8000 rpm, measured at different feed rates of 

150, 250, 350 and 400 kg/h, increased cream amount from 6.33 to 12.00, 

from 11.90 to 20.38, from 23.80 to 33.33 and from 24.50 to 35.00 kg/h, any 

further increase in separation speed more than 8000 up to 9000 rpm the 

cream amount decreased from 12.00 to 10.00, from 20.38 to 17.80, from 

33.33 to 30.50 and from 35.00 to 32.20 kg/h at the same previous 

conditions. On the other hand, increasing separation speed from 6000 to 

8000 rpm at the same previous feed rates, the skim milk amount decreased 

from 143.65 to 138.00, from 238.10 to 229.60, from 327.05 to 317.55 and 

from 375.50 to 365.00kg/h, respectively. 
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Fig.3. Effect of separation speed on cream and skim milk amounts at 

different milk feed rates. 

While the increases in separation speed from 8000 to 9000 rpm, the skim 

milk increased from 138.00 to 142.35, from 229.60 to 236.65, from 317.55 

to 326.10 and from 365.00 to 373.60 kg/h, respectively at constant 

temperature degree of 37 °C. Higher values of separation speed more than 

the optimum value tend to decrease cream amount because the time required 

to separate cream from the milk was inadequate due increasing centrifugal 

force resulting in less cream amount and more skim milk amount with 

higher percentage of fat.  

Fig.4. shows the effect of temperature degree on cream and skim milk 

amounts. Increasing in temperature degree from 35 to 37 °C leads to 
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increase cream amount from 8.20 to 12.00, from 14.30 to 20.38, from 25.60 

to 33.33 and from 27.64 to 35.00 kg/h. While the skim milk amount 

decreased from 141.80 to 138.00, from 235.70 to 229.60, from 325.25 to 

317.55 and from 372.35 to 365.00 kg/h, respectively. On the other hand, 

increasing temperature degree from 37 to 42°C at the same previous feed 

rates, the cream amount decreased from 12.00 to 7.30, from 20.38 to 13.00, 

from 33.33 to 23.20 and from 35.00 to 24.90 kg/h, while the skim milk 

amount increased from 138.00 to 142.70, from 229.60 to 237.00, from 

317.55 to 327.65 and from 365.00 to 375.10, respectively at constant 

separation speed of 8000 rpm. Higher values of temperature degree more 

than the optimum value of 37 °C tend to decrease cream amount because of 

increasing the percentage of small fat granules at the expense of the large 

granules go towards the skim milk to an axial outlet with continues flow, 

since the smallest fat globules, normally < 1 mm, do not have time to rise at 

the specified flow rate but are carried out of the separator with the skim 

milk. 
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Fig.4. Effect of temperature degree on cream and skim milk amounts at 

different milk feed rates. 

3.2. Influence of separation speed and temperature degree on cream fat 

and skim milk fat percentages: 

Considering the effect of separation speed on cream fat and skim milk fat 

percentages, Fig. 5 indicated that the increase in separation speed from 6000 

to 8000 rpm measured at different feed rates of 150, 250, 350 and 400 kg/h, 

led to increase cream fat percentage from 58 to 68, from 56 to 66, from 53 to 

60 and from 51 to 58 %. While the skim milk fat percentage decreased from 

0.30 to 0.05, from 0.40 to 0.10, from 0.50 to 0.20 and from 0.70 to 0.40 %, 

respectively. On the other hand, increasing separation speed from 8000 to 
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9000 rpm at the same previous feed rates, the cream fat percentage 

decreased from 68 to 65, from 66 to 63, from 60 to 59 and from 58 to 57 %, 

while the skim milk fat percentage increased from 0.05 to 0.10, from 0.10 to 

0.20, from 0.20 to 0.30 and from 0.40 to 0.50 %, respectively at constant 

temperature degree of 37 °C. 
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Fig.5. Effect of separation speed on cream fat and skim milk fat 

percentages at different milk feed rates. 

Concerning the effect of temperature degree on cream fat and skim milk fat 

percentages, Fig.6 shows that increasing temperature degree from 35 to 37 

°C measured at different feed rates of 150, 250, 350 and 400 kg/h, increased 

cream fat percentage from 62 to 68, from 59 to 66, from 56 to 60 and from 

53 to 58 %, any further increase in temperature degree more than 37 °C up 

to 42 °C the cream fat percentage decreased from 68 to 62, from 66 to 59, 

from 60 to 55 and from 58 to 52 % at the same previous conditions. On the 

other hand, increasing temperature degree from 35 to 37 °C at the same 

previous feed rates, the skim milk fat percentage decreased from 0.20 to 

0.05, from 0.30 to 0.10, from 0.50 to 0.20 and from 0.60 to 0.40 %, 

respectively.  
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Fig.6. Effect of temperature degree on cream fat and skim milk fat 

percentages at different milk feed rates. 
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While the increases in temperature degree from 37 to 42 °C the skim milk 

fat percentage increased from 0.05 to 0.30, from 0.10 to 0.40, from 0.20 to 

0.50 and from 0.40 to 0.70 %, respectively at separation speed of 8000 rpm. 

3.3. Influence of separation speed and temperature degree on cream 

separation efficiency: 

Representative values of separation efficiency for the milk separator versus 

separation speed and temperature degree at different feed rates are given in 

Fig.7. With respect to the effect of separation speed, results show that 

increasing separation speed from 6000 to 8000 rpm, measured at different 

feed rates of 150, 250, 350 and 400 kg/h, increased separation efficiency 

from 99.49 to 99.93, from 99.29 to 99.85, from 99.06 to 99.67 and from 

98.64 to 99.32 %, consecutively. Any further increase in separation speed 

more than 8000 rpm up to 9000 rpm at the same feed rates decreased the 

separation efficiency from 99.93 to 99.85, from 99.85 to 99.68, from 99.67 

to 99.49 and from 99.32 to 99.13 %, respectively at constant temperature 

degree of 37 °C.  
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Fig.7. Effect of separation speed and temperature degree on separation 

efficiency at different milk feed rates. 

With respect to the effect of temperature degree, results in Fig. 7. show that 

increasing temperature degree from 35 to 37 °C measured at different feed 

rates of 150, 250, 350 and 400 kg/h, increased separation efficiency from 

99.68 to 99.93, from 99.49 to 99.85, from 99.12 to 99.67 and from 98.88 to 

99.32 %, consecutively. In spite of increasing temperature degree from 37 to 

42 °C, measured at the same previous feed rates, decreased separation 

efficiency from 99.93 to 99.52, from 99.85 to 99.33, from 99.67 to 99.10 

and from 99.32 to 89.79 %, respectively, at constant separation speed of 

8000 rpm. The highest value of separator efficiency of 99.93 % was 
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recorded at the optimum values of separation speed of 8000 rpm and 

temperature degree of 37 °C because of they give the fat globules at the 

suitable time to rise and be discharged through the cream outlet. Under this 

condition the skim milk fat percentage was decreased at the lowest value of 

0.05 %.   

3.4. Influence of separation speed and temperature degree on specific 

energy: 

Concerning the effect of separation speed, Fig.8 show that increasing 

separation speed from 6000 to 8000 rpm, measured at different feed rates of 

150, 250, 350 and 400 kg/h, decreased specific energy from 139.02 to 73.33, 

from 73.95 to 43.18, from 36.97 to 26.40 and from 35.92 to 25.14 kW.h/Mg, 

any further increase in separation speed more than 8000 up to 9000 rpm the 

specific energy increased from 73.330 to 88.00, from 43.18 to 49.44, from 

26.40 to 28.85 and from 25.14 to 27.21 kW.h/Mg at constant temperature 

degree of 37 °C. 
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Fig.8. Effect of separation speed and temperature degree on specific 

energy at different milk feed rates. 

With respect to the effect of temperature degree on specific energy, results 

in Fig. 8 show that increasing temperature degree from 35 to 37 °C 

measured at different feed rates of 150, 250, 350 and 400 kg/h, decreased 

specific energy from 107.31 to 73.33, from 61.54 to 43.18, from 34.38 to 

26.40 and from 31.84 to 25.14 kW.h/Mg, respectively. In spite of increasing 

temperature degree from 37 to 42 °C, measured at the same previous feed 

rates, the specific energy increased from 73.33 to 120.55, from 43.18 to 

67.69, from 26.40 to 37.93 and from 25.14 to 35.34 kW.h/Mg, respectively, 

at constant separation speed of 8000 rpm. The higher values of separation 
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speed and temperature degree more than the optimum value tend to increase 

the specific energy due to decrease cream amount or separator production.  

3.4. Influence of separation speed and temperature degree on 

operational cost: 

Relating to the effect of separation speed on operational cost. Fig. 9 shows 

that increasing separation speed from 6000 to 8000 rpm, measured at 

different feed rates of 150, 250, 350 and 400 kg/h, decreased operational 

cost from 1263.80 to 666.70, from 672.30 to 392.50, from 336.10 to 240.00 

and from 326.50 to 228.60 L.E/Mg, any further increase in separation speed 

more than 8000 up to 9000 rpm the operational cost increased from 666.70 

to 800.00, from 392.50 to 449.40, from 240.00 to 262.30 and from 228.60 to 

248.40 L.E/Mg at constant temperature degree of 37 °C. 
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Fig.9. Effect of separation speed and temperature degree on operational 

cost at different milk feed rates. 

Concerning the effect of temperature degree on operational cost, Fig.79 

shows that increasing temperature degree from 35 to 37 °C measured at 

different feed rates of 150, 250, 350 and 400 kg/h, decreased operational 

cost from 975.60 to 666.70, from 559.40 to 392.50, from 312.50 to 240.00 

and from 289.40 to 228.60 L.E/Mg, any further increase in temperature 

degree more than 37 °C up to 42 °C the operational cost increased from 

666.70 to 1095.90, from 392.50 to 615.40, from 240.00 to 344.80 and from 

228.60 to 321.30 L.E/Mg at constant separation speed of 8000 rpm. Both 

higher and lower values of separation speed and temperature degree more 

than or less to the optimum values tend to increase operational cost due to 

the decrease the separator productivity. 
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4. CONCLUSION 

A milk separator for skimming milk was manufactured from locally 

available materials in a private workshop in Zagazig city and evaluated at 

Agricultural Engineering Department and Food Science Department under 

laboratory conditions. The obtained laboratory tests reveal that the cream 

amount value was at maximum of 35 kg/h, while the specific energy and 

operational cost were at minimum of 25.14 kW.h/Mg and 228.60L.E/Mg, 

respectively under the following conditions: 

- Milk feeding rate to the conical separating unit of 400 kg/h. 

- Separation rotating speed of 8000 rpm. 

- Temperature degree of the raw milk of 37 C. 
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 ـًــــــــص انعشبـــانًهخـ

 انًشكــــــــــضيشد ــــــــبن رو انطـــــــشاص انهــــــى أداء فـــــــع وتقٍٍــــتصنٍ

د. يحب يحًذ أنٍظ انششباصً
1
ذســـــذ بـــــذ يحًــد. يحً                   

2
 

انىاحذعبذ يحًذ  انغٍذد. 
3

 

ى َحىٌ كل العناطش الغزائُت راث الطبُعت الخاطت مزلل للظحت فه ومهما   كامل   َعخبش اللبن غزاء  

الخللٍ حلعلللا غللزاء  كللامل   البشوحُنللاث والللذوىلأ وا ملللي والنُخامُنللاث وا اضَمللاث والغلل شَاث

وٍ الطبقت الخٍ حخ ىلأ فىق علط  الللبن وحخشكلض فُهلا اللبن عخبش قشذة وح .ووظُنُا  فٍ انظ الىقج

م ىااث المىجىدة فٍ اللبن ال امل الزٌ ححضلش منلا ول لن ححخىي علً جمُع ال اغبت الذون ووٍ

 ا  ـــلـفٍ حشكُب جلذاس الخلُلت والبشوحلىبلصت وحعخبلش مظلذسا  وام قشذة اللبنحذخل  .مخناوحت بنغب

 وبلزل  ح لىلأ وعلُلت (A,D,E,K) للطاقلت الحشاسَلت وكزُلشا  ملن النُخامُنلاث حلزول فلٍ اللذون

ما أاها حبعلذ عللٍ الشلبع  اهلا حم لذ ملذة فىَللت فلٍ كلخحغُن امخظاطها وحملها داخل اللغم. 

جشات ل لل  2 –1المعذة فل َشعش الإاغالأ باللىع بغشعت. وعلٍ العمىت َقذس للشخض البالغ من 

  ععشا  حشاسَا  عنذ أكغذحا داخل اللغم. 3.3كُلىجشات من وصاا، وكل جشات من الذون َعطٍ 

نظل القشذة من اللبن ألا وولى لاللبن ا كزش شُىعا   َهذف وزا البحذ إلً حظنُع وحقُُم أداء فشاص

 بغلُ الحللم،  النلشاص طلغُش ا. ولزالنشاص الشأعٍ رو ا قشاص الزٌ َعمل بقىة الطلشد المشكلضٌ

. مللن ااحُللت أخللشي فهللى الظللغُشة للمشللاسَع مناعللب اللاالخشللغُل والظللُاات كمللا أ عللهلالخشكُللب و

الخلٍ ماصاللج مىجلىدة فلٍ مع لم َقلت الخشقُلذ  )فشالنشص الُلذوٌ غاعذ علً الخغلب علً مش لت َ

  .حىفُش الننقاث وحلنب الخ الُف العالُتإلً  مما َؤدٌ قشٌ الشَف المظشٌ

اخخبلاس  وحقُلُم أداء  بقغلم خاطلت بمذَنلت الضقلاصَت وحلم فلٍ وسشلت  فلشاص الللبنحم حظنُع أجلضاء 

جامعلت الضقلاصَت. َخشكلب  - كلُلت الضساعلت -الهنذعت الضساعُت معمل ا لبالأ بقغلم عللىت ا غزَلت 

  -فشاص اللبن من ا جضاء اِحُت:

َغللخمذ النللشاص حشكخللا الذوسااُللت مللن مىحللىس كهشبللٍ قذسحللا واحللذ حظللالأ  :يصددذس انقددذس . 1

  .(V)كُلىواث  ورل  من خلل فاسحُن وعُش ااقل علً ش ل حشف  5..5مُ ااُ ٍ )

1
 يصش. -جايعة انضقاصٌق  - كهٍة انضساعة -قغى انهنذعة انضساعٍة  -أعتار يغاعذ  
2
 يصش. -جايعة انضقاصٌق  -كهٍة انضساعة  -قغى انهنذعة انضساعٍة  -يذسط  
3
 يصش. -جايعة انضقاصٌق  -كهٍة انضساعة  -قغى عهىو الأغزٌة  -يذسط  

http://www.tetrapak.com/
http://www.westfalia-separator.com/
http://www.westfalia-separator.com/
http://www.westfalia-separator.com/
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حنقل القذسة من المىحىس ال هشبلٍ إللً فلشاص الللبن بالغلشعت المناعلبت ورلل  : جهاص نقم انقذس . 2

عم مشكبت عللً محلىس  4.5. الطاسة ا ولً بقطش (V)علً ش ل حشف  ن وعُش ااقلعبش فاسحُ

 عمىد 

 عم مشكبت علً محىس عمىد النشاص.  15.5المىحىس ال هشبٍ، والطاسة الزااُت بقطش 

عللم واسحنللاع     53.5الشلل ل بقطللش اعللطىااٍ مللن ا لىمىاُللىت عبللاسة عللن وعللاء : وعدداء انهددبن. 3

مُت اللبن المطلىل فشصوا. َىجلذ فلٍ ولزا الىعلاء طلنبىس لللخح م كمخظض لاعخقبال عم  5..2

  فٍ كمُت اللبن الىاطلت إلً النشاص.

)القاعللذة  ووللٍ  حخ للىلأ وحللذة النللشص مللن رلرللت أجللضاء سئُغللُت وللٍ:. وحددذ  انزددشص صانزصددم : 4

قلشص  45علم. )ملمىعلت ا قلشاص  علذدوا  5.5عم وعلم   15.5مظنىعت من الظلب بقطش 

عم واسحنلاع  5.5عم وقاعذة طغشي قطشوا  15.5ل بقاعذة كبشي  عنل قطشوا مخشوفُت الش 

 عم بحُذ حىضع وز  ا قشاص فىق بعضها البعض م ىات  مخشوف النشص ال لٍ. 5..

عللم فللٍ اللللضء العلللىٌ علللً محللُ  القللشص.  1.5َحخللىٌ علللً رلللد رقللىل بقطللش كللل قللشص و

ل مخشوف قاعذحا ال بلشي  علنل بقطلش ووٍ مظنىعت من الظلب علً ش  الغطاء أو  )الحاف ت

بىاعلطت َلخم سبل  ولز  الملمىعلت  علم. 3.5عم واسحناع  5.5عم والقاعذة الظغشي بقطش  16.5

طللامىلت عذاعللُت ا وجللا مللن خلللل الخغللنُن المىجللىد فللٍ اهاَللت العمللىد المىجللىد فللٍ منخظللف 

  القشص ا ول من أعنل.

بعللذ الخظللنُع والخشكُللب والخللٍ حشللمل اعللخخذات  فللشاص اللللبنحللم دساعللت عللذد مللن المخغُللشاث لخقُللُم 

دسجلاث حلشاسة ؛ كللم/ط 455و 355،  255،  155ولٍ:  معذلاث مخخلنت لخغزَت النشاص باللبن

عللشعاث دوسااُللت مخخلنللت للطللشد ؛ دسجللت ميىَللت  42و 45،  .3،  35 :وللٍ مخخلنللت للللبن النللشص

ملن خللل  ولزا النلشاصأداء . وقذ حم حقُُم دلنت/ 3555و 555.،  555.،  6555المشكضٌ وٍ: 

، كنلاءة النللشص ،اغللبت اللذون فلٍ القشلذة والللبن النلشص ،كمُلت القشللذة وللبن النلشصالقُاعلاث الخالُلـت: 

 .اللصمت لعملُت النشص ل ل مُلا جشات من اللبنح الُف الخشغُل والمغخهل ت النىعُت الطاقت 

  وقذ أظهشت اننتائج انًتحصم عهٍها يا ٌهً:

لنت/د ومعذل إضافت اللبن  555. دوسالأ للنشاصعشعت كلم/ط عنذ  35كااج  كمُت قشذةأعلً  -

  .ت .3لخش/ط عنذ دسجت حشاسة للبن الخات  455للنشاص 

 555.عنلذ علشعت دوسالأ للنلشاص  % 33.33كاالج  كناءة لنشاص اللبن فلٍ فظلل القشلذةأعلً  -

 . ت .3خات لخش/ط عنذ دسجت حشاسة للبن ال 155لنت/د ومعذل إضافت اللبن للنشاص 

كُلىاث.ط/مُللا  25.14أقل قُمت للطاقت المغخهلت وأقل قُمت لخ الُف حشغُل فشاص الللبن كاالج  -

لنللت/د  555.عنللذ عللشعت دوسالأ للنللشاص جنُللا/مُلا جللشات، علللً الخشحُللب  65..22جللشات و

 . ت .3لخش/ط عنذ دسجت حشاسة للبن الخات  455ومعذل إضافت اللبن للنشاص 

نهحصىل فشاص انهبن انًصنع يحهٍاً نزصم انقشذ  عن انهبن انخاو عتخذاو وبانتانً ٌىصى با -

 -عنذ انظشوف انتانٍة:تكانٍف تشغٍم طاقة يغتههكة وأقم  عهى أعهى كًٍة قشذ  بأقم

 لخش/ط. 455معذل إضافت اللبن الخات إلً النشاص عنذ  -

 لنت/د. 555.عشعت الذوسالأ )الطشد المشكضٌ  عنذ  -

 .ت .3 ات عنذدسجت حشاسة اللبن الخ -


