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Abstract: A tumble barrel food /feed mixer was designed and fabricated. It has a 

volumetric capacity of 0.33 m3. The tumble barrel mixer consists of a hopper, a stainless 

steel barrel with baffles. It is mounted on a steel framework and driven by a shaft 

connected to stirrers inside the baffles. The baffles are alternatively placed in the barrel in 

such a way that they do not touch the stirrers during operation. The shaft is driven by a 

3HP (2,25 kW) variable speed electric motor. Performance tests were conducted on the 

machine after fabrication using the ASAE (R2006) test standards, and also Completely 

Randomized Design (CRD). Three speeds of the mixer, 100,150 and 200 rpm (min-1)             

( and four mixing times of 5,10,15 and 20 minutes were studied as they affected the Degree 

of Mixing (DM) of ground and shelled corn samples in the mixer. Results obtained 

showed, there was an increase in the degree of mixing as the speed of the machine 

increased from 100 to 200 rpm (min-1). Also the degree of mixing increased as the time of 

mixing increased from 5mins to 20 minutes for the three speeds studied. From the Analysis 

of variance tables, the calculated F-values were very much higher than the tabulated values 

at 5% probability.  

These indicate a high significance of the effect of speeds of mixing on the degree of 

mixing of the tumble barrel mixer. The speed of 150 rpm (min-1) gave the highest effect 

in the tumble mixer. From the difference of means tables, there were significant 

differences in the degree of mixing for 100 and 150 rpm (min-1) speeds for all the different 

time of mixing durations. However, in the 200 rpm (min-1) speed, there was no significant 

difference in the DM between the 15 to 20 minutes mixing time duration. 
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INTRODUCTION  

 

Mixing is a process by which food or feed ingredients are stirred together to get a 

uniform mixture [1]. Mixers are designed to mix a wide variety free flowing materials for 

food and feed formulation. To achieve a well-balanced diet with all the relevant nutrients 

mixing is necessary, providing a uniform mixture by stirring of two or more ingredients 

[2]. The purpose of mixing is to blend the ingredients of certain formulation into a 

compound such that each small unit of sample of a given mass has the same composition 

of each ingredient as the design formula [3]. In this case the mixing is said to be thorough 

and uniform [4].  

There are basically two methods of mixing. They are: 

I. Manual mixing 

II. Mechanical mixing 

According to [5], the manual method of mixing feed entails the use of shovel or hand 

to intersperse the feed’s constituents into one another on open concrete floors. The manual 

method of mixing feed ingredients is generally characterized by low output, less efficient, 

labour intensive and may prove unsafe and hazardous to the health of intended consumers. 

The mechanical method of mixing on the other hand is achieved by using a wide variety 

of mechanized mixers to achieve mixing while eliminating the drudgeries imminent in 

manual mixing. Tumble barrel mixers are mechanized mixers that use the principle of 

rotating barrel movement and internal baffles or stirrers to mix feed homogeneously inside 

a barrel. They have the advantage of total mixing of constituents and completely 

eliminating unmixed spots (dark spots) in the mixer because of their tumbling actions. [4]. 

The purpose of the machine is to make solid food and feed mixing process less 

laborious especially for medium scale industries and for domestic purposes. The 

objectives of this study therefore include; to design and fabricate a motorized tumble barrel 

mixer. To test the developed mixer for performance during operation and to analyze the 

experimental results obtained using completely randomized design (CRD). 

 

MATERIAL AND METHODS 

 

Design Considerations 

 

The following considerations were made during the development of the machine: 

Develop a machine that can mix solid food or feed materials uniformly without dark 

spots.  

Develop a machine that is smooth in operation with little noise.  

To use locally available materials for its construction.  

To develop a rigid, reliable and efficient mixing machine when in operation.  

 

 

Description of the Machine 
 

The tumble barrel mixer consists of a cylindrical stainless  steel drum of length 0.99m 

and diameter of 0.5m mounted on a rigid steel frame work, powered by a 3Hp variable 

speed gear motor. The frame is 0.6m in height,1.8m length and 0.54m width.  
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The driving shaft length is 1.9m. The cylindrical drum is slanted 300   to the horizontal 

to aid mixing. The mixer has a feed opening at the topmost part of the drum and a discharge 

point at the bottom. Stirrers are fixed on the driving shaft inside the drum. There are also 

baffles by the sides of the drum located below and above the stirrers on the driving shaft. 

The mixer is designed to operate in batches. The isometric and orthographic drawings of 

the machine are shown in Figs 1 and 2, while the developed machine is shown Fig.3.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Isometric View of the Tumble Barrel Mixer 

 

Figure 2. Orthographic View of the Tumble Barrel Mixer (All dimensions in mm) 
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Figure 3. The Developed Tumble Barrel Mixer 

 

DESIGN ANALYSIS AND CALCULATIONS 

 

Volume of the Mixer 

 

The mixer has a diameter of 0.5m and a length of 0.99m and therefore has a volume 

of 0.2m3 

 

The Power Drive Mechanism 

 

The power is from the variable speed gear electric motor and the power required by 

the mixer was calculated using the relation by [6];  

 

𝑃 = 𝜏𝜔                 …………….. (1) 

 

Where:  

P = power required (HP);  

 τ = Torque (Nm) 
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And the torque is calculated from the equation by [6] as; 

 

𝜏 = 𝐹𝑟                  …………….. (2) 

 

F = weight of mixer fully filled with wet feed. (i.e 1.121N.)  

r = Radius of mixer. 

 

A 3 HP electric motor was selected because of the estimated power requirements for 

turning and driving the mechanisms in the tumble mixer.  

 

Belt 

 

The length of belt otherwise known as effective belt length (Le) is a design 

parameter required for the selection of belt length to fit in sheave  so as to avoid error that 

can lead to accidents. 

 

Effective length of belt can be gotten using the formula outlined by [6] as; 

 

𝐿𝑒 = 2𝑐 + 1.57(𝐷 + 𝑑) + (𝐷 − 𝑑
4𝑐⁄ )2        ……………..(3) 

C = 41.91cm 

D = 20.48cm 

d = 16.51cm  

 

Where: 

 

𝐿𝑒 = the effective belt length  

C = the design distance between the two pulleys (D and d) 

D = the diameter of the driver pulley (cm) 

𝐿𝑒 = 2(41.91) + 1.57(20.48 + 16.51) + (20.48 − 16.5
4(41.91)⁄ )2 

        𝐿𝑒 = 140.67𝑐𝑚 

 

Determination of the thickness of the cylindrical wall of the mixer 

 

The mixer barrel has a circular cross section and is therefore subjected to 

circumferential stress concentration. According to [7], the stress is given as; 

t

pd

4
=               …………….. (4) 

therefore,  

4

pd
t =                  …………….. (5)  
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Where: 

 t = thickness of the mixer wall 

P = 68.95-275.79 MPa (operational pressures recommended for mixers) [8] 

σ = maximum shear stress of stainless steel material (310N/mm2) 

d = 700mm; t was calculated as, t = 68.95 x 700/4 x 310 = 39mm.  

 

To avoid any underestimation a 40mm thick stainless steel mixer was used. 

 

 

Mixer drive shaft diameter 

 

The drive shaft diameter was obtained using the expression outlined by [9], and is 

given as; 

d3 = 16
πτmax

⁄ √(MbKb)2 + (MtKt)
2
        …………….. (6) 

 

Where: 

 

Mt = torsional moment (136.05Nm);  

Kb = combined shock and fatique factors applied to bending;  

Kt = combined shock and fatique factors applied to torsional moment;  

Mb = bending moment;  

τmax = allowable shear stress of mild steel.(40MN/m2) 

 

The diameter of the mixer shaft was obtained as 250mm  

 

Bearing selection 

 

Using the expression by [10], the radial load acting on the drive shaft is obtained as  

 

𝐹 = 19.1𝑃𝐾 × 106

𝐷 𝑆   ⁄                 …………….. (7) 

Where, F is the radial force on the shaft (N), P, the power transmitted (kW), D is the 

diameter of the drive shaft. 

 

The Frames 

 

The frames are made of 3mm thick mild steel rectangular bars and have the following 

dimensions; 1800mm x 650mm x 540mm for length, breadth and height respectively. 
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MATERIALS AND METHODS 

 

Performance Tests 

The performance tests for the tumble drum mixer was carried out according to the 

standard test procedure for farm batch mixers developed by [11]. In the tests, 100kg of 

ground corn and 2.8kg of shelled corn were put into the mixer before operation. Four 

mixing durations of 5min,10min,15min and 20min were used during the mixing operation. 

Three speeds of the machine, 100,150 and 200 rpm respectively were tested for the three 

mixing time durations to determine their various degrees of mixing (DM). At the end of 

each test run, ten samples of 500g each were drawn from the mixed components and 

analysed. 

 

There were three replications of each test. The coefficient of variation among the 

blended samples and level of mixing were computed using the expressions developed by 

[12]. 

 

𝐶𝑉 =
𝑆𝐷

𝑌
× 100                       ……………..(8) 

 

𝑌 =
∑ 𝑦𝑖

𝑛
                   ……………..(9) 

 

( )
1

2

−
−


n

yiY
SD           …………….. (10) 

𝐷𝑀 = 100 − %𝐶𝑉
           …………….. (11) 

 

Where:  

 

CV = percent coefficient of variation,  

DM = percentage degree of mixing,  

SD = standard deviation  

Y = mean, yi = individual sample analysis results,  

n = total number of samples 

 

Experimental Design 

The experiments were designed using Completely Randomized Design (CRD). Three 

speeds of the machine, namely 100,150 and 200rpm were investigated. For each speed, 

four mixing time durations of 5,10,15 and 20 minutes were used to determine the 

corresponding percentage degrees of mixing (DM) of the materials.  The CRD was used 

because the design has the maximum degrees of freedom for estimating the error variance. 

Also the number of replications and factors are restricted only by the number of 

experimental units available. In this design variations or factors are applied to 

experimental units at random without restrictions [13]. 

 



Ukachi et al: Development and Performance Evaluation of ... /Agr. Eng. (2022/4). 15-27 22 

The linear model by [13] of the CRD is given as; 

ijiij EFX ++=                ……………..(12)  

Where:  

 

Xij =Any individual observation;  

µ=Mean;  

Fi =Variation or Factor effect 

Eij  = Experimental Error 

 

 
RESULTS AND DISCUSSION 

 

Results  

 

 
Table 1: Degree of mixing (DM) at 100 rpm (min-1) for indicated times 

Replications @5mins @10mins @15mins @20mins 

1 88.6% 91.5% 92.6% 93.1% 

2 88.7% 91.6% 92.6% 93.1% 

3 88.8% 91.6% 93.1% 93.1% 

4 88.8% 91.7% 93.1% 93.1% 

Total 354.9 366.4 371.4 372.4 

Mean 88.7% 91.6% 92.9% 93.1% 

 

 

 

Table 2.  Degree of mixing  (DM) at 150 rpm (min-1)  for indicated times 

Replications @5mins @10mins @15mins @20mins 

1 89.7% 92.4% 92.5% 92.7% 

2 89.7% 92.4% 92.6% 92.7% 

3 89.8% 92.4% 92.6% 92.8% 

4 89.9% 92.4% 92.7% 92.8% 

Total 359.1 369.5 370.4 371 

Mean 89.8% 92.4% 92.6% 92.8% 

 

 

 

Table 3. Degree of mixing  (DM) at 200 rpm (min-1) for indicated times 

Replications @5mins @10mins @15mins @20mins 

1 88.7% 91.7% 93.6% 93.7% 

2 88.6% 91.8% 93.7% 93.6% 

3 89.2% 91.7% 94.1% 94.1% 

4 89.1% 92.1% 93.8% 94.1% 

Total 355.6 367.3 375.2 375.5 

Mean 88.9% 91.8% 93.8% 93.9% 
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Table 4. Analysis of Variance for (DM) at 100 rpm (min-1) 

Source Degrees 

of freedom 

Sum 

of squares 

Mean 

square 

F 

calculated 

F 

tabulated(5%) 

CFM 1     

134157.4 

24.1   

Factors 2 48.2 0.039 617.9*** 3.8 

Error 13 0.5 3.25 (highly 

significant) 

 

Total 15 48.7    

 

 

 

Table 5. Analysis of Variance for  (DM) at 150 rpm (min-1) 

Source Degrees 

of freedom 

Sum 

of squares 

Mean 

square 

F 

calculated 

F 

tabulated(5%) 

CFM 1 135056.3 11.9   

Factors 2 23.8 0.015 793.3*** 3.8 

Error 13 0.2 1.6 (highly 

significant) 

 

Total 15 24    

 

 

Table 6. Analysis of Variance for  (DM) at 200 rpm (min-1) 

Source Degrees 

of freedom 

Sum of 

squares 

Mean 

square 

F 

calculated 

F 

tabulated 

(5%) 

CFM 1 135718.6 32.7   

Factors 2 65.4 0.054 605.6*** 3.8 

Error 13 0.7 4.41 (highly 

significant) 

 

Total 15 66.1    

 

 

 

Table 7. Difference of Means Table in F-LSD for 100 rpm (min-1)  Speed 

Means 88.73 91.6 92.9 93.1 

93.1 4.37 1.5 0.2 0 

92.9 4.17 1.3 0  

91.6 2.87 0   

88.73 0    

FLSD =0.084 

 

 

Table 8 : Difference of Means Table  in F-LSD for 150 rpm (min-1) Speed 

Means 89.8 92.4 92.6 92.8 

92.8 3 0.4 0.2 0 

92.6 2.8 0.2 0  

92.4 2.6 0   

89.8 0    

FLSD = 0.033 
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Table 9: Difference of Means Table  in F-LSD for 200 rpm (min-1) Speed 

Means 88.9 91.83 93.8 93.83 

93.88 4.98 2.08 0.08 **NS 0 

93.8 4.9 2 0  

91.83 2.93 0   

88.9 0    

FLSD= 0.115 

 

 

 
 

Fig. 4. The Graph of Mixing Time Against Degrees of Mixing for Three Speeds of the Mixer 

 

 

Discussion of Results 

 

There was a general trend of increase in the degree of mixing as the speed of the 

machine increased from 100 to 200 rpm (min-1).This is in line with the results obtained by 

[14] and [15]. It was also observed from tables 1 - 3 that the degree of mixing increased 

as the time of mixing increased from 5mins to 20 mins for the three speeds studied.  

From the analysis of variance tables for the different speeds (tables 4 - 6), the calculated 

F-values were very much higher than the tabulated values at 5% probability. These 

indicate a high significance of the effect of speeds of mixing on the degree of mixing of 

the tumble barrel mixer. These observations are in line with the results obtained by 

[16].The speed of 150 rpm (min-1)  gave the highest effect in the tumble mixer.  
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In the difference of means tables (tables 7-9), there were significant differences in the 

degree of mixing for 100 and 150 rpm (min-1)  speeds for all the different time of mixing 

durations (tables 10-11).  

However, in the 200rpm speed (table 12), there was no significant difference the degree 

of mixing between the 15 to 20 minutes mixing time duration.  

This can be attributed to the fact that at such high speed the mixing may have consolidated, 

therefore more residence time of the materials in the mixer will not affect the degree of 

mixing any more. From the graph in Fig.4, the degrees of mixing (DM) increased 

proportionally with time up to 10 mins duration. However, the DM tend to be 

approximately constant after 15 mins of mixing in all cases. 

 

 

CONCLUSIONS 

 

The tumble barrel food/feed mixer performed satisfactorily well during tests. Results 

obtained showed, there was an increase in the degree of mixing as the speed of the machine 

increased from 100 to 200 rpm (min-1) . Also the degree of mixing increased as the time 

of mixing increased from 5mins to 20 minutes for the three speeds studied. From the 

Analysis of variance tables, the calculated F-values were very much higher than the 

tabulated values at 5% probability. These indicate a high significance of the effect of 

speeds of mixing on the degree of mixing of the tumble barrel mixer. The speed of 150 

rpm gave the highest effect in the tumble mixer. From the difference of means tables, there 

were significant differences in the degree of mixing for 100 and 150 rpm (min-1) speeds 

for all the different times of mixing. However, in the 200 rpm (min-1)  peed, there was no 

significant difference in the DM between the 15 to 20 minutes mixing time duration. 
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Apstrakt: Dizajniran je i proizveden mešač (mikser) za hranu i stočnu hranu sa 

cilindričnim oblikom. Ima kapacitet zapreminski od 0,33m32. Cilindrični mikser se sastoji 

od rezervoara, cilindra od nerđajućeg čelika sa pregradama (lopatice). Montira se na 

čelični okvir i pokreće osovinu koja je povezana sa mešalicama unutar pregrada. Pregrade 

su alternativno postavljene u cilindru tako da se ne dodiruju tokom rada. Osovinu pokreće 

elektromotor promenljive snage od 3 KS (2,25 kW). Testovi performansi su sprovedeni 

na mašini nakon proizvodnje korišćenjem standarda za testiranje ASAE (R2006), kao i 

potpuno randomizovanog dizajna (CRD). Proučavane su tri brzine miksera, 100, 150  i 

200 rpm (min-1) i četiri vremena mešanja od 5, 10, 15 i 20 minuta, jer utiču na stepen 

mešanja (DM) mlevenih i oljuštenih uzoraka kukuruza u mešalici. 

Dobijeni rezultati su pokazali da je došlo do povećanja stepena mešanja kako se brzina 

mašine povećavala sa 100 na 200 rpm (min-1). Takođe se stepen mešanja povećavao kako 

se vreme mešanja povećavalo sa 5 minuta na 20 minuta za tri proučavane brzine. Iz tabele 

Analiza varijanse, izračunate F-vrednosti su bile mnogo veće od tabelarnih vrednosti sa 

verovatnoćom od 5%. Ovo ukazuje na veliki značaj uticaja brzina mešanja na stepen 

mešanja cilindrične mešalice. Brzina od 150 rpm (min-1) dala je najveći efekat u mikseru.  

Iz razlika u tabelama srednjih vrednosti, uočene su značajne razlike u stepenu mešanja 

za brzine od 100 i 150 rpm (min-1) za sva različita vremena trajanja mešanja.  
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Međutim, pri brzini od 200 rpm (min-1), nije bilo značajne razlike u DM između 

vremena mešanja od 15 do 20 minuta.  

 

Ključne reči: Razvoj, Performanse, Tumble Barrel mešač, punjenje, osovina, CRD. 
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