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Abstract— This paper represents an overview of a storage 

hopper used for rice mill industries. Also this paper includes 

design of a pyramid shaped rice hopper. Generally for 

different rice mill, there are different types of hopper present 

in market based on different size and shape. So while 

selecting any hopper as per requirement, the different design 

parameters of hopper are need to be taken into consideration. 

The relationships obtained through requirement were used 

together with other relevant expressions for determination of 

the hopper design parameters such as exit size, mass flow 

rate, approximate bin size, hopper angle, wall friction angle, 

flow factor, flow function and different forces acting on 

hopper surface. The design procedure used for hopper is 

determined by considering only rice as a storage matter.  
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I. INTRODUCTION 

People have stored powdered materials for thousands of year. 

Prior to the 1960s storage bins were designed largely by 

guessing. A hopper is a large container used in industrial 

processes to hold particulate matter that has been collected 

from expelled air. Hoppers are used in industry for protection 

and storage of powdered materials. Hoppers must be designed 

such that they are easy to load. More importantly, hoppers 

must be designed such that they are easy to unload Hoppers 

are usually installed in groups to allow for a greater collection 

quantity. Most hoppers are made up of steel. Mainly storage 

container is divided into two parts. One is ‘Bin’ and another 

is ‘Hopper’. Bin can be defined as a container in a box, frame, 

crib or enclosed placed used as a storage container. While 

hopper is a funnel shaped function used as a temporary 

storage bin, filled from top and emptied from bottom. [1] 

II. TYPES OF HOPPER 

A. On the basis of flow: 

1) Mass Flow Hopper: 

In mass flow hopper all of the material in the bin is in motion, 

though not necessary all with the same velocity. 

2) Funnel Flow Hopper: 

In funnel flow hopper only a core of material in the centre 

above the hopper outlet is in motion while material next to 

the walls is stationary (stagnant). [2] The advantages and 

disadvantages of mass and funnel flow hopper are as follows, 

 
Mass Flow 

Hopper 

Funnel Flow 

Hopper 

 

Advantages 

1. Flow is more 

consistent 

2. Reduced radial 

segregation 

1. Low head room 

required. 

3. Stresses on 

wall are more 

predictable. 

4. Effective use of 

full bin capacity. 

 

 

Disadvantages 

1. More wear of 

wall surfaces. 

2. Higher stresses 

on walls. 

3. More head 

room required. 

1. Segregation. 

2. Reduction of 

effective storage 

capacity. 

3. Poor distribution 

of stresses. 

4. Flooding. 

Table 1: Advantages and disadvantages of mass and funnel 

flow hopper 

B. On The Basis of Shape: 

1) Cone shaped hopper: 

 
Fig. 1: Cone shaped hopper 

2) Pyramid shaped hopper: 

 
Fig. 2: Pyramid shaped hopper 

3) Vertical front walls shaped hopper: 

 
Fig. 3:  Vertical front walls shaped hopper 
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4) Inclined front walls shaped hopper [3]: 

 
Fig. 4:  Inclined front walls shaped hopper 

III. DESIGN OF PYRAMID SHAPED HOPPER 

Stage 1: 

Define the storage requirement, 

The first step in designing a hopper to store rice is to review 

key storage requirement and operating conditions. These 

includes different factors such as, 

1) Storage capacity. 

2) Discharge frequency and rate, 

3) Temperature and pressure. 

4) Fabrication material. 

5) Safety and environmental conditions. 

6) Bulk solid uniformity. [4] 

Once basic requirement with dimensions are known 

then storage requirement can be determined using following 

steps, 

1) Calculate mass of hollow rectangular bin, 

𝑀 = 𝑉 × 𝜌  
Where, 

M = Mass of hollow rectangular bin (kg) 

V = Volume of hollow rectangle (kg) 

    = Length × Breadth × Height 

𝜌 = Density of milled rice (𝑘𝑔 𝑚3⁄ ) = 800 𝑘𝑔 𝑚3⁄  

2) Calculate mass of truncated square pyramid hopper, 

𝑀 = 𝑉 × 𝜌  
Where, 

M = Mass of truncated square pyramid hopper (kg) 

V = Volume of truncated square pyramid hopper (kg) 

   =  
1

3
(𝐴2  +  𝐴 × 𝐵 + 𝐵2)  × 𝐻 

𝜌 = Density of milled rice (𝑘𝑔 𝑚3⁄ ) = 800 𝑘𝑔 𝑚3⁄  

3) Calculate total mass of storage hopper, 

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠
= 𝑀𝑎𝑠𝑠 𝑜𝑓 ℎ𝑜𝑙𝑙𝑜𝑤 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑏𝑖𝑛 
+ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡𝑟𝑢𝑛𝑐𝑎𝑡𝑒𝑑 𝑠𝑞𝑢𝑎𝑟𝑒 𝑝𝑦𝑟𝑎𝑚𝑖𝑑 ℎ𝑜𝑝𝑝𝑒𝑟   
Stage 2: 

Calculate the approximate size of the bin,: 

The approximate height of the cylinder section needed to 

store the desired capacity is simply: 

𝐻 =  
𝑚

𝜌 × 𝐴
 

Where, 

H = Cylinder height (m) 

m = Mass to be stored (kg) 

𝜌 = Bulk density (𝑘𝑔 𝑚3⁄ ) 

A = Cross sectional area of cylinder section (m) [5] 

Stage 3: 

Calculate wall friction angle and hopper angle,: 

1) Wall friction angle: 

Wall friction angle is nothing but the angle between the 

powder and the wall of the hopper. This property is 

determined by finding shear force and normal load. Once 

shear force and normal load are calculated, the graph of shear 

force and normal load is plotted. Often the data are linear. If 

they are nonlinear then the smallest angle is used. The normal 

stress and shear stress is calculated as follows, 

Normal stress :- 

𝜎𝑤  =  
(𝑊𝑤𝑡  +  𝑊𝑤  −  𝑊𝑚)

𝐴
 × 𝑔 

Where, 

𝑊𝑤𝑡  = Gross weight with rice (kg) 

𝑊𝑤 = Load on the bottom face of the hopper (kg) 

𝑊𝑚 = Wall material weight (kg) 

A = Cross-sectional area (𝑚2) 

g = Acceleration due to gravity (𝑚 𝑠2⁄ ) 

Shear stress:- 

𝜏𝑤 =  
𝑆𝑤

𝐴
 × 𝑔 

Where, 

𝜏𝑤 = Shear stress (𝑁 𝑚2⁄ ) 

𝑆𝑤 = Shear stress registered (kg) 

A = Cross-sectional area (𝑚2) 

g = Acceleration due to gravity (𝑚 𝑠2⁄ ) 

 
Fig. 5: Graph of Shear stress vs. Normal stress 

Where, 

𝛿𝑤 = 𝑊𝑎𝑙𝑙 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 [2] 

1) Hopper angle: 

Hopper angle can be calculated as, 

𝛿𝑤 =  tan−1 [
tan(𝜃)

√2
] 

Where, 

𝛿𝑤 = Wall friction angle  

𝜃 = Hopper angle [3] 

Stage 4: 

Calculate outlet size,: 

In order to calculate outlet size it is necessary to determine 

consolidated stress generated. This consolidated stress 

generated can be determined by plotting graph of flow 

function verses flow factor. The term flow factor and flow 

function can be calculated as follows, 
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a) Flow factor, 

 
Fig. 6: Chart to calculate flow factor 

Above graph shows relation between wall friction 

angle and semi included angle. By plotting values of wall 

friction angle and semi included angle (hopper angle) flow 

factor can be determined. 

b) Flow function, 

 
Fig. 7: Chart to calculate flow function 

Above graph shows relation between wall friction 

angle and semi included angle. By plotting values of wall 

friction angle and semi included angle (hopper angle) flow 

function can be determined. [2] 

The consolidated stress generated is determined 

through following graph, 

 
Fig. 8: Graph to determine consolidated stress generated 

Where, 

MFF = Minimum flow factor 

CAS = Critical applied stress 

𝜎1 = Consolidated stress generated 

So outlet size can be determined as, 

𝐵 =  
𝜎1 ×𝐻 (𝛼)

𝜌 × 𝑔
 

Where, 

B = Outlet size (m) 

𝜎1 = Consolidated stress generated (𝑁 𝑚2⁄ ) 

𝐻(𝛼) = Function that take account of variation in thickness, 

hopper angle = 1.41 

𝜌 = Bulk density (𝑘𝑔 𝑚3⁄ ) 

g = Acceleration due to gravity (𝑚 𝑠2⁄ ) [6] 

Stage 5: 

Calculate discharge rate (mass flow rate),: 

There are number of methods for calculating discharge rates 

from silos or hoppers. For coarse particles such as rice which 

have diameter less than 500 microns there are two equations 

commonly used one for mass flow and one for funnel flow.  

c) For mass flow hopper, 

For mass flow hopper Johnson equation is used. The Johnson 

equation used can be given as, 

𝑀 =  𝜌 × 𝐴 ×  √
𝐵 × 𝑔

2 (1 + 𝑚)  ×  tan 𝜃
 

Where, 

M = Mass flow rate (𝑘𝑔 𝑠⁄ ) 

𝜌 = Bulk density (𝑘𝑔 𝑚3⁄ ) 

A = Outlet area of hopper (𝑚3) 

g = Acceleration due to gravity (𝑚 𝑠2⁄ ) 

B = Outlet size (m) 

𝜃 = Hopper angle (°)  

M = 0 for rectangular shape 

d) For funnel flow hopper, 

A theoretical equation for discharge through funnel flow 

hopper is not available. Beverloo tested a variety of samples 

of rice and derived an empirical equation. The Beverloo 

equation is, 

𝑀 = 0.58 ×  𝜌 ×  𝑔0.5  ×  (𝐷 − 𝑘𝑑𝑝)
2.5

 

Where, 

M = Mass flow rate (𝑘𝑔 𝑠⁄ ) 

𝜌 = Bulk density (𝑘𝑔 𝑚3⁄ ) 

g = Acceleration due to gravity (𝑚 𝑠2⁄ ) 

D = Outlet diameter (m) 

𝑑𝑝 = Particle diameter (m) 

K = Constant, typically 1.3<k<2.9 [2] 

Stage 6:- 

Calculate forces acting on hopper surfaces, 
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Fig. 9: Forces acting on hopper surfaces 

The different forces acting on hopper surfaces are as given 

below.  [3] 

Dead weight force of rice, 

𝑑𝐹𝑔 =  𝜌 × 𝑔 × 𝑏 × 𝑑ℎ𝑏  × 𝑙 

Wall surface force, 

𝑑𝐹𝑤 =  𝜎 × sin 𝛿  × 𝑑ℎ𝑏  ×  cos 𝛿  × 2𝑙 
Force of inertia, 

𝑑𝐹𝑡 = 𝑑𝐹𝑔  ×  
𝑎

𝑔
 

Stage 7: 

Selection of material for hopper,: 

Storage hoppers used for storage variety of materials, are 

typically constructed from metal or reinforced concrete.  

Metal silos:- Metal silos can be made from carbon 

steel, stainless steel, or aluminum. They can be skirt support 

down to concrete pad, or they can have simple leg supports. 

Metal silos have more advantages over concrete silos. 

Flexible fabrications:- Metal silos can be shop-

fabricated, field-fabricated, or made with a hybrid 

construction, where the vessel is started in the shop and 

finished in the field. 

Sanitary construction:- Stainless steel tanks are 

commonly used for pharmaceutical and food applications that 

require full sealing, clean ability, and corrosion resistance. 

Other material:- In some cases alloys such as 

Hastelloy, or Inconel, or metals such as titanium have been 

used for hopper construction. Fiberglass tanks can also be 

used. [4] 

IV. CONCLUSION 

This paper gives the basic information of hopper used for 

storage of milled rice. Also different types of hopper are 

mentioned in this paper. For different industries, as per their 

requirement, different types and sizes hoppers are used. Not 

only this, but this paper gives a general design procedure used 

for designing pyramid shaped hopper. It includes different 

design parameters if pyramid shaped hopper such as, storage 

requirement, approximate size of bin, hopper angle, wall 

friction angle, outlet size, discharge rate, forces acting on 

hopper surfaces and material used for construction of hopper. 

This design has been done on the basis of considering only 

rice as a storage matter.  
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