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UNIT-1 PHYSICAL PROPERTIES OF FOODS 

1. Methods of estimation of Shape, 
Size 

2 [S1] Pg: 01-08 BB+PPT 

2. Volume, Density 2 [S1] Pg: 15-24 BB+PPT 

3. Porosity and Surface area 1 [S1] Pg: 24-30; 
[S3] Pg: 14-16 

BB+PPT 

4. Sphericity, roundness, specific 
gravity 

2 [S4] Pg: 58-65; 
[S1] Pg: 3-15 

BB+PPT 

5. Frictional properties-coefficient of 
friction 

1 [W1] BB+PPT 

6. Storage and flow pattern of 
agricultural crops. 

1 [S2] Pg: 50-62 BB+PPT 

7. Tutorial 1 Revision  

 
TOTAL HOURS FOR UNIT- 1 

Theory hours : 9 
Tutorial hour : 1 
Total hours    : 10 

UNIT-2 RHEOLOGICAL PROPERTIES OF FOODS 

8. Definition – classification – 
Newton’s law of viscosity 

2 [S1] Pg: 39-42 BB 

9. Momentum-diffusivity-kinematic 
viscosity – viscous fluids – 
Newtonian and Non Newtonian 
fluids 

2 [S1] Pg: 42- 46 BB+PPT 

10. Viscosity Measurements- 
Viscometers of different types and 
their applications 

3 [S1] Pg: 52-71 BB+PPT 

11. Texture measuring instruments-
Hardness and brittleness of Food 
materials. 

2 [S1] Pg: 91-100 
[J1] 

BB+PPT 



12. Tutorial 1 Revision  

 
TOTAL HOURS FOR UNIT- 2 

Theory hours : 9 
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Total hours    : 10 

UNIT-3 THERMAL PROPERTIES OF FOODS 

13. Definitions of Heat capacity, 
specific heat, enthalpy, conductivity 
and diffusivity, surface heat transfer 

coefficient, 

1 [S1] Pg: 120, 142-148 BB+PPT 

14. Measurement of thermal properties 
like specific heat 

1 [S1] Pg: 142-148 BB+PPT 

15. Enthalpy 1 [S1] Pg: 148-149 BB+PPT 

16. conductivity and diffusivity 3 [S1] Pg: 120- 138; 
150-151 

BB+PPT 

17. DTA, TGA, DSC. 3 [W2] 
[S5] Pg: 163 

BB+PPT 

18. Tutorial 1 Revision  

 
TOTAL HOURS FOR UNIT- 3 

Theory hours : 9 
Tutorial hour : 1 
Total hours    : 10 

UNIT-4 AERODYNAMIC AND HYDRODYNAMIC PROPERTIES OF FOODS 

19. Drag and lift coefficient, terminal 
velocity and their application in the 

handling and separation of food 
materials. 

2 [W3] 
[S6] Pg: 549-559 

BB+PPT 

20. Water activity- measurement-vapor 
pressure method –freezing point 

depression method 

2 [S1] Pg: 200-202 
[S5] Pg: 9-14 

BB+PPT 

21. Effect of temperature, and pressure 
on water activity 

1 [S1] Pg: 212 
[S3] Pg: 386-389 

BB+PPT 

22. Moisture sorption isotherms- 
models-Henderson, BET and GAB 

models 

3 [S5] Pg: 75-79; 
Pg: 123 

BB+PPT 

23. Tutorial 1 Revision  

 
TOTAL HOURS FOR UNIT- 4 

Theory hours : 8 
Tutorial hour : 1 
Total hours    : 9 

UNIT-5 ELECTRICAL PROPERTIES OF FOODS 

24. Dielectric properties-dielectric 
constants 

1 [S3] Pg: 572-580 BB+PPT 

25. Dielectric measurements 2 [S3] Pg:580-587 BB+PPT 



26. Ionic Interaction-Dipolar rotation 1 [S1] Pg: 173-174 BB+PPT 

27. Effect of moisture, temperature and 
pressure on dielectric properties 

2 [S1] Pg: 177-180 
[S3] Pg: 592-597 

BB+PPT 

28. Microwave heating-Infrared  2 [S3] Pg: 282-308 BB+PPT 

29. Ohmic heating and Irradiation 2 [J2] 
[W4] 

BB+PPT 

30. Tutorial 1 Revision  

 
TOTAL HOURS FOR UNIT- 5 
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ENGINEERING PROPERTIES OF 
FOOD MATERIALS 

18BTFT402  



Course Objectives 

• Describe the physical properties of food materials  
• Explain the rheology of food and use of 

viscometer and texture analyzer in food industry.  
• Impart knowledge on thermal properties of food 

commodities  
• Outline the aerodynamic and hydrodynamic 

properties of foods  
• Define the electrical properties of food and its 

applications in food engineering. 



Course Outcomes 
1.Estimate the physical properties of food materials 
2. Report the frictional properties and storage of 

agricultural crops  
3. Compare and contrast the Newtonian and non-

Newtonian fluids  
4. Express the overall thermal properties of food 

materials  
5. Measure the aero- and hydrodynamic characteristics 

and the application of frictional properties in grain 
handling, processing and conveying.  

6. Demonstrate the dielectric and radiation heating 
properties of foods 



UNIT I -PHYSICAL PROPERTIES OF 
FOODS 

• Methods of estimation of Shape, 
Size, volume, density, porosity and 
surface area, sphericity, roundness 
specific gravity. Frictional properties-
coefficient of friction, Storage and 
flow pattern of agricultural crops. 



UNIT II -RHEOLOGICAL PROPERTIES OF 
FOODS 

• Definition – classification – Newton’s law of 
viscosity – momentum-diffusivity-kinematic 
viscosity – viscous fluids – Newtonian and Non 
Newtonian fluids- Viscosity Measurements 
Viscometers of different types and their 
applications-Texture measuring instruments-
Hardness and brittleness of Food materials. 



UNIT III - THERMAL PROPERTIES OF 
FOODS 

• Definitions of Heat capacity, specific heat, 
enthalpy, conductivity and diffusivity, surface 
heat transfer coefficient, Measurement of 
thermal properties like specific heat, enthalpy, 
conductivity and diffusivity, DTA, TGA, DSC. 



UNIT IV - AERODYNAMIC AND HYDRODYNAMIC 
PROPERTIES OF FOODS 

• Drag and lift coefficient, terminal velocity and 
their application in the handling and 
separation of food materials. Water activity- 
measurement-vapor pressure method –
freezing point depression method- Effect of 
temperature, and pressure on water activity-
moisture sorption isotherms- models-
Henderson, PET and GAB models. 



UNIT V - ELECTRICAL PROPERTIES OF 
FOODS 

• Dielectric properties-dielectric constants, 
Dielectric measurements-Ionic Interaction-
Dipolar rotation. Effect of moisture, 
temperature and pressure on dielectric 
properties. Microwave heating-Infrared and 
Ohmic heating, Irradiation  



Introduction 
• Mass–volume–area-related properties are one of five groups (acoustic, 

mass–volume–area related, morphological, rheological, and surface) of 
mechanic. 

• These properties are needed in process design, for estimating other 
properties, and for product characterization or quality determination. 

• The geometric characteristics of size, shape, volume, surface area, density, 
and porosity are important In many food materials handling and 
processing operations. 

•  Fruits and vegetables are usually graded depending on size, shape, and 
density.  

•  Impurities in food materials are separated by density differences between 
impurities and foods. 



• Knowledge of the bulk density of food materials is necessary to estimate floor 
space during storage and transportation. 
 

• When mixing, transportation, storing, and packaging particulate matter, it  is 
important to know the properties of bulk material. 
 

• The surface areas of fruits and vegetables are important in investigations related to 
spray coverage, removal of residues, respiration rate, light reflectance, and color 
evaluation, as well as in heat-transfer  studies in heating and cooling processes. 
 

• In many physical and chemical processes, the rate of reaction is proportional to the 
surface area; thus, it is often desirable to maximize the surface area. 
 

•  Density and porosity have a direct effect on the other physical properties. 
 

• Volume change and porosity are important parameters in estimating the diffusion 
coefficient of shrinking systems. 



• Porosity and tortuosity are used to calculate effective diffusivity during mass 
transfer processes. 

• Mechanical properties of agricultural materials also vary with porosity 



Size 
• Size is an important physical attribute of foods used in screening solids to 

separate foreign materials, grading of fruits and vegetables, and evaluating 
the quality of food materials. 

• In fluid flow, and heat and mass transfer calculations, it is necessary to 
know the size of the sample. 

• Size of the particulate foods is also critical. For example, particle size of 
powdered milk must be large enough to prevent agglomeration, but small 
enough to allow rapid dissolution during reconstitution. 

• Particle size was found to be inversely proportional to dispersion of powder 
and water holding capacity of  whey protein powders. 

• Decrease in particle size also increased the steady shear and complex 
viscosity of the reconstituted powder complex viscosity of the reconstituted 
powder. 

• The size of semolina particles was found to influence mainly sorption 
kinetics. 



• The importance of particle size measurement has been widely recognized, especially in 
the beverage industry, as the distribution and concentration ratio of particulates present 
in beverages greatly affect their flavor. 

• It is easy to specify size for regular particles, but for irregular particles the term size 
must be arbitrarily specified. 

• Particle sizes are expressed in different units depending on the size range involved.  
• Coarse particles are measured in millimeters, fine particles in terms of screen size, and 

very fine particles in micrometers or nanometers.  
• Ultrafine particles are sometimes described in terms of their surface area per unit mass, 

usually in square meters per gram 
 

• Size can be determined using the projected area method. In this method, three 
characteristic dimensions are defined 

• Major diameter, which is the longest dimension of the maximum projected 
area 

• Intermediate diameter, which is the minimum diameter of the maximum 
projected area or the maximum diameter of the minimum projected area; and 

• Minor diameter, which is the shortest dimension of the minimum projected 
area. 



• Length, width, and thickness terms are commonly used that correspond to major, 

intermediate, and minor diameters, respectively. 

• The dimensions can be measured using a micrometer or caliper.  

• The micrometer is a simple instrument used to measure distances between surfaces.  

• Most micrometers have a frame, anvil, spindle, sleeve, thimble, and ratchet stop.  

 

• They are used to measure the outside diameters, inside diameters, the distance between 

parallel surfaces, and the depth of holes. 

 

• Particle size of particulate foods can be determined by sieve analysis, passage through an 

electrically charged orifice, and settling rate methods.  

 

• Particle size distribution analyzers, which determine both the size of particles and their 

state of distribution, are used for production control of powders. 



SHAPE 
• Shape is also important in heat and mass transfer calculations, screening solids 

to separate foreign materials, grading of fruits and vegetables, and evaluating 
the quality of food materials. 

• The shape of a food material is usually expressed in terms of its sphericity and aspect 
ratio. 

• Sphericity is an important parameter used in fluid flow and heat and mass transfer 
calculations. 

• Sphericity or shape factor can be defined in different ways. 
• According to the most commonly used definition, sphericity is the ratio of volume 

of solid to the volume of a sphere that has a diameter equal to the major diameter of 
the object so that it can circumscribe the solid sample. 

•  For a spherical particle of diameter Dp, sphericity is equal to 1. 
 



• Assuming that the volume of the solid sample is equal to the volume of the triaxial 
ellipsoid which has diameters equivalent to those of the sample, then: 
 
 
 
 

 
• In a triaxial ellipsoid, all three perpendicular sections are ellipses. If the major, 

intermediate, and minor diameters are 2a, 2b, and 2c, respectively, volume of 
the triaxial ellipsoid can be determined from the following equation: 
 
 



• Sphericity is also defined as the ratio of surface area of a sphere having the same 
volume as the object to the actual surface area of the object. 
 
 
 
 
 
 
 

• The equivalent diameter is sometimes defined as the diameter of a 
sphere having the same volume as the particle.  

• However, for fine granular materials, it is difficult to determine the 
exact volume and surface area of a particle.  

• Therefore, equivalent diameter is usually taken to be the nominal size 
based on screen analysis or microscopic examination in granular 
materials.  

• The surface area is found from adsorption measurements or from the 
pressure drop in a bed of particles. 
 



• In general, diameters may be specified for any equidimensional particle.  
• Particles that are not equidimensional, that is, longer in one direction than in others, 

are often characterized by the second longest major dimension. For example, for 
needle like particles, equivalent diameter refers to the thickness of the particles, not 
their length. 

• In a sample of uniform particles of diameter Dp, the number of particles in the 
sample is: 
 
 
 
 
 

• Total surface area of the particles is obtained from 
 
 
 

• Another definition of sphericity is the ratio of the diameter of the largest 
inscribed circle (di) to the diameter of the smallest circumscribed circle (dc) 
 



• Another equation to calculate sphericity as: 
 
 
 
 
 
 
 

• According to this formula, equivalent diameter for irregular shape 
material is accepted as the average dimension.  

• Differences between average diameter and measured dimensions are 
determined by the sum of square of differences.  

• When this difference is divided by the square of product of the average 
diameter and number of measurements, it gives a fraction for the 
approach of the slope to an equivalent sphere, which is sphericity. 

• According to the above equation, if the sample sphericity value is close to zero 
it can be considered as spherical. 
 



• Calculate the sphericity of a cylindrical object of diameter 1.0 cm and height 1.7 
cm. 
 



• The aspect ratio (Ra) is another term used to express the shape of a material. It is 
calculated using the length (a) and the width (b) of the sample as 
 
 
 

 
 

• Certain parameters are important for the design of conveyors for particulate foods, 
such as radius of curvature, roundness, and angle of repose.  

• Radius of curvature is important to determine how easily the object will roll.  
• The more sharply rounded the surface of contact, the greater will be the stresses 
• developed. 
•  A simple device for measuring the radius of curvature is shown in figure below. 
• It consists of a metal base that has a dial indicator and holes into which pins are 

placed.  
• Two pins are placed within these holes according to the size of the object.  
• When the two pins make contact with the surface, the tip of the dial indicator is 

pushed upwards.  
• Then, the dial indicator reads the sagittal height (S). 
• The radius of curvature is calculated from the measured distances using this simple 

device and the following formula: 
 



• The minimum and the maximum radii of curvature for larger objects such as apples 
are calculated using the larger and smaller dial indicator readings, respectively. 

• For smaller objects of relatively uniform shape, the radius of curvature can be 
calculated using the major diameter and either the minor or intermediate diameter. 
 



The major diameter (L) and the average of the minor and major diameters (H) of barley 
are measured as 8.76 mm and 2.83 mm, respectively. Calculate the minimum and 
maximum radii of curvature for the barley. 
Solution: The minimum and maximum radius of curvatures can be calculated 
 



• Roundness is a measure of the sharpness of the corners of the solid. Several 
methods are available for estimating roundness. 
 

 
where 
Ap = largest projected area of object in natural rest position (m˄2), 
Ac = Area of the smallest circumscribing circle 
• Roundness can also be estimated 

 
 
 

 
 
where 
r = radius of curvature (m), 
R = radius of the maximum inscribed circle (m), 
N = total number of corners summed in numerator. 

 
 



Angle of repose 
• Angle of repose is another important physical property used in particulate foods 

such as seeds, grains, and fruits.  
• When granular solids are piled on a flat surface, the sides of the pile are at a definite 

reproducible angle with the horizontal.  
• This angle is called the angle of repose of the material. 
• The angle of repose is important for the design of processing, storage, and 

conveying systems of particulate material.  
• When the grains are smooth and rounded, the angle of repose is low.  
• For very fine and sticky materials the angle of repose is high. 
• For determination of this property, a box with open sides at the top and bottom is 

placed on a surface.  
• The angle of repose is determined by filling the box with sample and lifting up the 

box gradually, allowing the sample to accumulate and form a conical heap on the 
surface.  

• Then, the angle of repose is calculated from the ratio of the height to the base radius 
of the heap formed. 





























































































VISCOSITY MEASUREMENTS 
AND DIFFERENT TYPES OF 

VISCOMETER 



INTRODUCTION 

• Viscosity is the resistance of a fluid (liquid or gas) 
to a change in shape, or movement of neighboring 
portions relative to one another. Viscosity denotes 
opposition to flow.  

• Viscosity is a major factor in determining the forces 
that must be overcome when fluids are used 
in lubrication and transported in pipelines.  

• It controls the liquid flow in such processes as 
spraying, injection molding, and surface coating. 

• For liquids, it corresponds to the informal concept 
of "thickness": for example, syrup has a higher 
viscosity than water. 



MEASUREMENT OF VISCOSITY 

 The most commonly used viscosity measurement 
devices are  
• capillary flow viscometers  
• Orifice type viscometers 
• falling ball viscometers and  
• rotational viscometers. 



 
CAPILLARY FLOW VISCOMETERS  
 
• Capillary flow viscometers are generally in the form of a 

U-tube. These types of viscometers are very simple, 
inexpensive, and suitable for low-viscosity fluids. 

• In capillary flow viscometers, the time for a standard 
volume of fluid to pass through a known length of 
capillary tubing is measured.  

• The flow rate of material due to a known pressure 
gradient is determined.  

• The driving pressure is usually generated by the force of 
gravity acting on a column of the liquid although it can 
be generated by the application of compressed air or by 
mechanical means. 



Fig 1 Cannon-Fenske capillary 
flow viscometer 

• Gravity-operated glass capillaries 
are suitable only for Newtonian 
fluids having viscosities in the range 
of 0.4 to 20,000 mPa·s. 

•  To measure the viscosities of more 
viscous fluids, external pressure 
may be applied.  

• For non-Newtonian fluids, this 
device is less suitable because the 
measurement cannot be done at a 
constant shear rate.  



• The diameter of a capillary viscometer should be small 
enough to provide laminar flow.  

• Capillary viscometers are calibrated with Newtonian oils of 
known viscosities since the flow rate depends on the capillary 
radius, which is difficult to measure. 

• For the viscosity measurement, the viscometer is accurately 
filled with an accurately known volume of test fluid and the 
apparatus is immersed in a constant temperature bath until 
equilibrium is reached.  

• Then, fluid is sucked up from the other limb through the 
capillary tube until it is above the marked level (A). 

• Then, suction is removed and fluid flows through the 
capillary tube under the influence of gravity or the induced 
pressure head and the time for the fluid to flow from mark A 
to B is recorded.  
 



• This time is a direct measure of the kinematic viscosity since 
it depends on both viscosity and density of fluid. This can be 
written as: 

ν = Ct  
where C is the calibration constant. 
• Assuming that the flow is laminar, fluid is incompressible, 

velocity of the fluid at the wall is zero and end effects are 
negligible, making a macroscopic force balance for a fluid 
flowing through a horizontal cylindrical tube of length (L) 
and inner radius (r ), the following equation is obtained: 

Δ Pπr2= τ2πrL  
where P is the pressure drop causing flow and τ is the shear 
stress resisting flow. 



• This equation can be solved for shear stress: 

 τ =  ∆𝑃𝑃𝑃𝑃
2𝐿𝐿

 

• For a Newtonian fluid, both shear stress and shear rate 
vary linearly from zero at the center (r = 0) of the 
capillary to a maximum at the wall (r = R).  

• For a Newtonian fluid, this results in the parabolic 
velocity profile. Then, the shear stress on the fluid at the 
wall (τW) is related to the pressure drop along the length of 
the tube: 

τW= ∆𝑃𝑃𝑃𝑃
2𝐿𝐿

 …………… (1) 

• The flow in capillary viscometers is described by the 
Hagen Poiseuille equation: 

 
 



∆𝑃𝑃= 8𝜇𝜇𝜇𝜇𝜇𝜇R2   ………………..(2) 

• Substituting Eq. (2) into Eq. (1), shear stress can also be expressed 
as: 

τW = 𝜇𝜇 4𝑣𝑣
𝑅𝑅

 ………………..(3) 

• Then, shear rate at the wall (𝛾𝛾𝑤𝑤) for a Newtonian fluid is given by: 

 𝛾𝛾𝑤𝑤= 4𝑣𝑣
𝑅𝑅

 = 4𝑄𝑄
𝜋𝜋R3  ………….. (4) 

where Q is the volumetric flow rate. 
• Newton’s law of viscosity can be written in terms of pressure 

gradient and volumetric flow rate as: 
∆𝑃𝑃𝑃𝑃
2𝐿𝐿

 = μ 4𝑄𝑄
𝜋𝜋R3   ………………..(5) 

and viscosity of the fluid can be determined from the pressure drop and 
volumetric flow rate or velocity data. 

 



• For non-Newtonian fluids, the relation between shear stress and 
shear rate has to be known to derive these equations.  

• Compared to the parabolic profile for a Newtonian fluid, the profile 
for a shear thinning fluid is more blunted. 

• The shear rate at the wall can be determined from the Rabinowitsch-
Mooney equation: 
 
 

• This equation can be expressed in terms of apparent value shear 
stress as: 

 
 
                                                     ………………….(7) 
  
• Equation (7) can also be written as: 

………………………………… (6) 



                                                       
 

• Equation (8) can be written in the following simplified format: 
 
                                                 ………………….. (9) 
 
 
 

 
• If the fluid behaves as a power law fluid, the slope of the derivative 

is a straight line and n’ = n. 

………………………(8) 



ORIFICE TYPE VISCOMETERS 
• In orifice type viscometers, the time for a standard volume of fluid to 

flow through an orifice is measured.  
• They are used for Newtonian or near-Newtonian fluids when extreme 

accuracy is not required. 
• Orifice viscometers are mainly adopted by the oil industry due to their 

simplicity and easy operation. They are also known as efflux type 
viscometers.   

• Orifice viscometers essentially consist of a reservoir, an orifice and a 
receiver.  

• The orifice length does not exceed 10 times the diameter of the orifice. 
• Although the original design concept of these viscometers was based on 

the Hagen-Poiseuille Law which states that the efflux of a fixed volume 
of liquid through a capillary is proportional to the viscosity of the fluid 
but  the actual design of the instrument failed to meet the requirement of 
the Hagen-Poiseuille Law. 



• The friction loss at the orifice entrance and the varying hydrostatic 
head during the experiment are needed to be considered when 
calculating the viscosity.  

• The friction loss was found to be a function of cross sectional area 
ratio of cup to orifice, velocity of fluid, and the shape of the orifice 
entrance.  

• Because of these reasons, the efflux time no longer remains 
proportional to the viscosity.  

• Conversion formulas or tables must be used for comparing results 
which are generally not very accurate. Absolute measurements 
cannot be carried out using this type of equipment. 

• The general method of operation of most of the orifice viscometers is 
basically the same.  

• The sample liquid is poured into a cup which is maintained at a 
constant temperature by a water or oil bath.  

• The level of the liquid in the cup is adjusted to a definite height, and 
the liquid is allowed to attain the temperature of the bath. 



• Once the desired temperature is reached, a valve at the base of the 
cup is opened and the time required for a specific volume of liquid to 
discharge through the orifice is measured.  

• The viscosity is calculated using an empirical expression that is 
specific to each instrument and has the general form as follows: 

 
 
where 
t is the viscometer second 
k and K are instrument specific constants and must be determined for 
each instrument.  
• In the food industry, the most commonly used one is a dipping type 

Zahn viscometer. 

 
 



ZAHN VISCOSITY CUP 
• The General Electric (or "Zahn") viscometer consists of a bullet-

shaped steel cup with a small orifice in the bottom. 
•  Zahn viscosity cup is also known as Dip-Type viscosity cup 

because of the manner in which viscosity of a test sample is 
determined.  

• It can be used to determine the viscosity of Newtonian paints, 
varnishes, lacquers, ink, and related liquids. 

• For measuring viscosity, the cup is completely immersed in the 
liquid, withdrawn and the time for the flow of the liquids through 
the orifice at the bottom of the cup is measured. 

• Zahn viscosity cups are available in 5 sizes that can measure the oil 
viscosity in the range of 20 to 1600 cSt.  

• The cups are made of corrosion and solvent resistance materials. 
•  The volume of a cup can vary from 43 to 49 mL depending on the 

manufacturer. 



Fig 2 Zahn type viscometer 



• Viscosity measurement using Zahn viscosity cups is generally made at    
25º C.  

• For viscosity determination at other temperature, a temperature correction 
curve or factor needs to be determined for each liquid.  

• The choice of cup for measuring viscosity depends on the efflux time 
which should be between 20 to 80 s.  

• The container holding the test liquid should be stirred well to provide a 
uniform temperature and density.  

• The cup is immersed in the container and is kept there for 1 to 5 minutes to 
allow thermal equilibration.  

• The cup is lifted vertically from the container in a quick steady motion.  
• As the top edge of the cup breaks the surface, the timer is started and the 

cup is held about 6 in (15.2 cm) above the level of the liquid.  
• When the liquid stream breaks at the base of the cup, the timer is stopped 

and the efflux time in seconds is noted.  
• The efflux time in seconds is converted to kinematic viscosity using the 

following expression: υ = At - B. 



FALLING BALL VISCOMETERS 

• These types of viscometers involve a vertical tube where a ball is allowed 
to fall under the influence of gravity.  

• It operates on the principle of measuring the time for a ball to fall through 
a liquid under the influence of gravity. 

• When the ball falls through the fluid, it is subjected to gravitational force, 
drag force, and buoyancy force.  

• In falling ball viscometers, a solid body is allowed to fall under gravity 
through a viscous medium. 

•  After a period of initial acceleration, the solid body attains a uniform 
terminal velocity when the gravitational force is balanced by the viscous 
resistance of the fluid.  

• By measuring the terminal velocity of the falling body, the viscosity can 
be determined.  

• Although a solid body of any shape and size can be used, a spherical 
geometry is preferable due to the simplicity involved in deriving the 
theory. 



Fig 3 FALLING BALL 
VISCOMETER 



• Consider the system shown in Figure in which a sphere is falling through a 
homogeneous fluid. 

• If the motion of the sphere is sufficiently slow, the inertia terms become 
negligible.  

• Under this condition and assuming that the fluid medium has an infinite 
extension, the viscous resistance to the motion of the sphere moving with a 
velocity v is equal to the driving force due to the difference in density 
between the sphere and the fluid. 

• Making a force balance: 
Net force (FNet) = Gravitational force (FG)− Buoyancy force (FB)− 

                             Drag force (FD) 
                             
                                                                                            ……………..(10) 



Fig 4 Forces acting on a ball in 
falling ball viscometer 

• When equilibrium is attained, the upward and downward forces are 
balanced and the ball moves at a constant velocity.  

• That is, the falling ball reaches a terminal velocity (vt) when the 
acceleration due to the force of gravity is exactly compensated by the 
friction of the fluid on the ball. 

𝑑𝑑𝑣𝑣
𝑑𝑑𝑡𝑡

 = 0 ………………. (11) 
• In the Stoke’s region, the drag coefficient is: 

CD = 24
𝑅𝑅𝑅𝑅

 ………….…. (12)  
                                    



• Substituting Equation (11) and (12) in Equation (10),  

 
 
 
• If the terminal velocity of the ball is calculated, it is possible to 

determine the dynamic viscosity of the fluid.  
• Falling ball viscometers are more suitable for viscous fluids 

where the terminal velocity is low.  
• Stoke’s law applies when the diameter of the ball is so much 

smaller than the diameter of the tube through which it is 
falling.  

• Thus, there is no effect of the wall on the rate of fall of the ball.  
• If the tube diameter is 10 times the ball diameter, wall effects 

can be neglected. 



• The larger the ball, the faster it falls.  
• Therefore, it is necessary to select the diameter of ball small enough 

to fall at a rate that can be measured with some degree of accuracy.  
• This method is not suitable for opaque fluids. 





























MCQs 
 

1. Coarse particle size is measured in 
 a) mm c) m 
 b) cm d) nm 
2. Very fine size particle is measured in terms of 
 a) micrometer c) picometer 
 b) nanometer d) Both a and b  
3. The ratio of the width to length of the sample is known as 
 a) radius of curvature c) angle of repose 
 b) aspect ratio d) sphericity 
4. For very fine and sticky materials the angle of repose is 
 a) high c ) constant 
 b) low d) None of the above 
5. Which fluid does not experience shearing stress during flow? 
 a) Pseudoplastic c) Newtonian 
 b) Dilatant d) Inviscid 
6. Stress strain relationship for Newtonian fluid is 
 a) Parabolic c) Linear 
 b) Hyperbolic d) Inverse type 
7. What happens to viscosity of liquid and gas when temperature is increased? 
 a) For liquid increases and for gas 

decreases 
c) Both increases 

 b) For liquid decreases and for gas 
increases 

d) Both decreases 

8. Which acceleration has a nonzero value in uniform flow? 
 a) Local acceleration c) Both local as well as convective 

acceleration 
 b) Convective acceleration d) unpredictable 
9. Thermal conductivity in polymers increases with 
 a) Increase in crystallinity c) Either 
 b) Decrease in crystallinity d) None 
10. Find the wrong statement: Specific heat of a material 
 a) Constant for a material c) Extrinsic property 
 b) Heat capacity per unit mass d) Has units as J/kg-K. 
11. Differential scanning calorimeter is a technique to measure 



 a) Electrical conductivity c) Thermal expansion 
 b) Impact energy d) Specific heat 
12. What is the graph that is represented in the airfoil section? 
 a) Lift-moment ratio c) Angle of attack-drag ratio 
 b) Coefficient of lift-coefficient of 

drag ratio 
d) Lift–angle of attack ratio 

13. The relative humidity of food can be determined by measuring the 
 a) wet and dry bulb temperature of 

air 
c) dry bulb temperature 

 b) wet bulb temperature d) wet and dry bulb temperature of water 
14. Water activity of most salt solution decreases with 
 a) increase in temperature  c) no temperature change 
 b) decrease in temperature d) None of the above 
15. Which of the following are used for the preparation of sorption isotherm? 
 a) hot air oven c) Laminar air flow chamber 
 b) desicattor d) muffle furnace 
16. Raoult’s law is not valid for macromolecular solute due to  
 a) very high molecular weight of 

water and solute 
c) low molecular weight of water and 
solute 

 b) very low molecular weight of 
water and solute 

d) same molecular weight of water and 
solute 

17. What is the process of producing electric dipoles inside the dielectric by an 
external electric field? 

 a) Polarisation c) Susceptibility 
 b) Dipole moment d)  Magnetisation 
18.  Dielectric material's atoms and molecules are microscopically 
 a) positive c) neutral 
 b) negative d) None of these 
19. Which of the following is correct about beta particles? 
 a) High specific ionization ability c) Higher ionization ability than 

gamma radiation 
 b) Low penetrating power d) All of the mentioned 
20. Materials whose dominant charges in molecules are bound negative and positive 

charges that are held in place by atomic and molecular forces are known as 
 a) dielectrics c) super conductors 
 b) semiconductors d) conductors 



21. The size of semolina particles was found to influence mainly 
 a) physical kinetics c) absorption kinetics 
 b) chemical kinetics d) sorption kinetics  
22. The ratio of the diameter of the largest inscribed circle (di) to the diameter of the 

smallest circumscribed circle (dc) 
 a) sphericity c) radius of curvature 
 b) aspect ratio d) angle of repose 
23. Major diameter is the longest diameter of the 
 a) projected area c) maximum projected area 
 b) minimum projected area d) None of the above 
24. The instrument which is used to measure distance between surfaces is known as 
 a) viscometer c) porosimeter 
 b)micrometer d) hydrometer 
25. The unit of pressure one bar is 
 a) 1 Pa c) 100 kPa 
 b) 1 kPa d) 1000 kPa 
26. Property of fluid that describes its internal resistance is known as 
 a) Viscosity c) Resistance 
 b) Friction d) Internal energy 
27. Which of the following represents Newtonain fluid? 
 a) Honey c) Lubricating oil 
 b) Synthetic oil d) Rubber suspension 
28. Which of the following represents slow motion of layers of fluids in one 

direction? 
 a) Viscous fluid c) Turbulent fluid 
 b) laminar fluid d) laminar and viscous fluid 
29. Heat capacity of most materials is approximately equal to 
 a) R  c) 3R 
 b) 2R d) R/2 
30. With increase in temperature, thermal conductivity of a metal 
 a) Increases c) Both increases and decreases 
 b) Decreases d) depends on the material 
31. Change in enthalpy when 1 mol of compound is formed under standard 

conditions is called 
 a) reaction c) combustion 



 b) formation d) neutralization 
32. Metals have thermal conductivities in the range of 
 a) < 1 c) 5-25 
 b) 1-5 d) 20-400 
33. The manometric fluid used in vapour pressure method must be with 
 a) low density and low vapour 

pressure 
c) high density and high vapour pressure 

 b) high density and low vapour 
pressure 

d) high density and low vapour pressure 

34. The determination of water activity by freezing point depression method is very 
accurate at water activities 

 a) below 0.85 c) below 0.65 
 b) 0.85 d) above 0.85 
35. The relative humidity of food can be determined by measuring the 
 a) wet and dry bulb temperature of 

air 
c) dry bulb temperature 

 b) wet bulb temperature d) wet and dry bulb temperature of water 
36. Water activity acts as 
 a) a processing factor c) an extrinsic factoe 
 b) an intrinsic factor determining the 

likelihood of microbial population 
d) All the above  

37. If the loss tangent is very less, then the material will be a 
 a) Conductor c) Lossy dielectric 
 b) Lossless dielectric d) Insulator 
38. Materials whose dominant charges in molecules are bound negative and positive 

charges that are held in place by atomic and molecular forces are known as 
 a) dielectrics c) super conductors 
 b) semiconductors d) conductors 
39.  Which of the following fact about radiation/ irradiation is true? 
 a) All food items consumed by man 

are radioactive 
c) Energy lost per ion pair formed is 
greater than the ionization energy 

 b) Alpha and beta particles and 
gamma photons are the radiations 
available for food preservation 
applications 

d) All the above 

40. The relative viscosity of albumin in solution on irradiation 



 a) increases c) remain constant 
 b) decreases d) none of the above 
41. Decrease in particle size increases 
 a) steady shear and complex density c) steady shear and complex viscosity 
 b) strain and complex density d) strain and complex viscosity 
42. The shape of a food material is usually expressed in terms of its 
 a) sphericity c) sphericity and aspect ratio 
 b) aspect ratio d) angle of repose 
43. The diameter of a sphere having the same volume as the particle is 
 a) equivalent diameter c) sphericity 
 b) diameter d) aspect ratio 
44. The measure of the sharpness of the solids is known as 
 a) aspect ratio c) angle of repose 
 b) Roundness d) sphericity 
45. The component of acceleration due to change in the direction of velocity vector 

is called as 
 a) direction acceleration c) normal acceleration 
 b) tangential acceleration d) parallel acceleration 
46. A Newtonian fluid is defined as the fluid which 
 a) Obeys Hook’s law c) Is incompressible 
 b) Is compressible d) Obeys Newton’s law of viscosity 
47. Which of the following represents Newton’s equation for viscosity? 
 a) τ= µ (dv/dt) c) τ = dv/dt 
 b) µ= τ (dv/dt) d) τ= µ2 (dv/dt) 
48. If shear stress is proportional to the velocity gradient, the fluid is known as 
 a) Non- Newtonain fluid c) viscous fluid 
 b) laminar fluid d) Newtonian fluid 
49. Thermal expansion of a material has units as 
 a) J/kg-K c) 1/˚C 
 b) J/mol-K d) J.ohm/sec.K2 
50. Metals have thermal conductivities in the range of 
 a) < 1 c) 5-25 
 b) 1-5 d) 20-400 
51. Exothermic enthalpy changes are shown as 
 a) negative values c) neutral 



 b) positive values d) constant 
52. Heat capacity of most materials is approximately equal to 
 a) R  c) 3R 
 b) 2R d) R/2 
53. Raoult’s law is not valid for macromolecular solute due to  
 a) very high molecular weight of 

water and solute 
c) low molecular weight of water and 
solute 

 b) very low molecular weight of 
water and solute 

d) same molecular weight of water and 
solute 

54. How lift and drag ratio can be expressed in a relation? 
 a) Dividing the lift coefficient by 

the drag coefficient 
c) Dividing the drag coefficient by the 
lift coefficient 

 b) Dividing the lift coefficient by the 
moment coefficient 

d) Dividing the drag coefficient by the 
moment coefficient 

55. Water activity of most salt solution decreases with 
 a) increase in temperature  c) no temperature change 
 b) decrease in temperature d) None of the above 
56. Type- III isotherm is observed in the case of  
 a) antifoaming agent c) anticaking agent 
 b) anticoagulant d) All the above 
57. For a dielectric which of the following properties hold good? 
 a) They are superconductors at high 

temperatures 
c) They can never become a 
superconductor 

 b) They are superconductors at 
low temperatures 

d) They have very less dielectric 
breakdown voltage 

58. Dielectrics are basically 
 a) insulators c) super conductors 
 b) semiconductors d) conductors 
59. Low dose irradiation has a potential to 
 a) reduce the shelf life c) does not have any influence on shelf 

life 
 b) extend the shelf life d) None of the above 
60. Which of the following is correct about beta particles? 
 a) High specific ionization ability c) Higher ionization ability than 

gamma radiation 
 b) Low penetrating power d) All of the mentioned 



61. The particle size of powdered milk must be large enough to prevent 
 a) agglutination c) crystal formation 
 b) agglomeration d) emulsion formation 
62. Major diameter is the longest diameter of the 
 a) projected area c) maximum projected area 
 b) minimum projected area d) None of the above 
63. The ratio of surface area of a sphere having the same volume as the object to the 

actual surface area of the object is 
 a) radius of curvature c) aspect ratio 
 b) angle of repose d) sphericity 
64. When the grains are smooth and rounded, the angle of repose is 
 a) constant c) high 
 b) low d) none of the above 
65. Which acceleration has a nonzero value in uniform flow? 
 a) Local acceleration c) Both local as well as convective 

acceleration 
 b) Convective acceleration d) unpredictable 
66. Viscous forces are not present in 
 a) rotational flow c) laminar flow 
 b) irrotational flow d) turbulent flow 
67. Orifice type viscometer convert viscosity to 
 a) Force c) Displacement  
 b) Pressure d) Potential difference 
68. Which of the following represents the relation for kinematic viscosity? 
 a) Absolute density X mass density c) Absolute density/ mass density 

 b) Absolute density X (mass 
density)2 

d) Absolute density/(mass density)2 

69. Units for thermal conductivity 
 a) J/kg.K c) J.ohm/sec.K2 

 b) J/mol.K d) W/m.K 
70. Polymers have thermal conductivities in the range of 
 a) < 1 c) 10-100 
 b) 1-10 d) >100 
71. Amount of energy required to break a specific covalent bond is called 
 a) bond dissociation energy c) bond enthalpy 



 b) bond energy d) All the above  
72. Thermal conductivity in polymers increases with 
 a) Increase in crystallinity c) Either 
 b) Decrease in crystallinity d) None 
73. What is the graph that is represented in the airfoil section? 
 a) Lift-moment ratio c) Angle of attack-drag ratio 
 b) Coefficient of lift-coefficient of 

drag ratio 
d) Lift–angle of attack ratio 

74. The basic equation for the determination of water activity of ideal solution is 
 a) Newton’s law c) Raoult’s law 
 b) Dalton’s law d) Henry’s law 
75. How lift and drag ratio can be expressed in a relation? 
 a) Dividing the lift coefficient by 

the drag coefficient 
c) Dividing the drag coefficient by the 
lift coefficient 

 b) Dividing the lift coefficient by the 
moment coefficient 

d) Dividing the drag coefficient by the 
moment coefficient 

76. Water activity of most salt solution decreases with 
 a) increase in temperature  c) no temperature change 
 b) decrease in temperature d) None of the above 
77. Materials whose bounded dominant charges that are not free to travel are 
 a) dielectrics c) super conductors 
 b) semiconductors d) conductors 
78. Dielectric don't contain any 
 a) bound charge c) free charge 
 b) proton d) neutron 
79. With respect to which of the following properties of food does food irradiation 

prove a disadvantage? 
 a) flavor c) microbial growth 
 b)  tenderness d) juiciness 
80. Which of the following is correct about alpha particles? 
 a) High ionization due to relative size 

and carrying of double positive 
charge 

c)  In air, they have a range of few 
centimeters 

 b) Low penetration power d) All the above 
81. Size is an important physical attribute of foods used in 
 a) screening solids c) separating foreign materials 



 b) grading of fruits and vegetables d) All the above 
82. The instrument which is used to measure distance between surfaces is known as 
 a) viscometer c) porosimeter 
 b) micrometer d) hydrometer 
83. The ratio of volume of solid to the volume of a sphere that has a diameter equal 

to the major diameter of the object so that it can circumscribe the solid sample is 
 a) aspect ratio c) sphericity 
 b) angle of repose d) radius of curvature 
84. The amount of three-dimensional space occupied by an object is known as 
 a) porosity c) surface area 
 b) density d) volume 
85. Newton’s law of viscosity relates 
 a) pressure velocity and viscosity c) temperature viscosity and velocity 
 b) shear stress and rate of angular 

deformation in a fluid 
d) pressure temperature viscosity and 
rate of angular deformation in a fluid. 

86. The shear stress applied to the fluid is directly proportional to the velocity 
gradient is known as 

 a) Newton's law of viscosity c) Arrhenius equation 
 b) Newton’s law of cooling d) Stefan-Boltzmann equation 
87. What is an ideal fluid? 
 a) A fluid which has no viscosity c) A fluid which has no surface tension 
 b) A fluid which is incompressible d) All of the above  
88. Which of the following is not converting viscosity into pressure? 
 a) Redwood viscometer c) Orifice viscometer 
 b) Rotameter viscometer d) Saybolt viscometer 
89. Find the wrong statement: Specific heat of a material 
 a) Constant for a material c) Extrinsic property 
 b) Heat capacity per unit mass d) Has units as J/kg-K. 
90. Heat capacity has units as 
 a) J/kg.K c) J.ohm/sec.K2 

 b) J/mol.K d) W/m.K 
91. Enthalpy changes which cannot be found by calorimeter can be found by help of 
 a) Newton's Law c) Krebs's Law 
 b) Hess's Law d) Ohm’s Law 
92. Units for thermal conductivity 



 a) J/kg.K c) J.ohm/sec.K2 

 b) J/mol.K d) W/m.K 
93. Water activity acts as 
 a) a processing factor c) an extrinsic factoe 
 b) an intrinsic factor determining the 

likelihood of microbial population 
d) All the above  

94. How lift and drag ratio can be expressed in a relation? 
 a) Dividing the lift coefficient by 

the drag coefficient 
c) Dividing the drag coefficient by the 
lift coefficient 

 b) Dividing the lift coefficient by the 
moment coefficient 

d) Dividing the drag coefficient by the 
moment coefficient 

95. To increase or decrease water activity 
 a) increase or decrease temperature c) increase pressure 
 b) increase or decrease pressure d) Both a and b 
96. Water activity of foods can be measured by using methods based on 
 a) colligative property c) moisture level 
 b) heteroscopicity of salts d) none of the above 
97. Identify a good dielectric. 
 a) Iron c) Plastic 
 b) Ceramics d) Magnesium 
98. A dielectric can be made a conductor by 
 a) Compression c) Heating 
 b) Doping d) Freezing 
99. The relative viscosity of albumin in solution on irradiation 
 a) increases c) remain constant 
 b) decreases d) none of the above 
100. With respect to which of the following properties of food does food irradiation 

prove a disadvantage? 
 a) flavor c) microbial growth 
 b) tenderness d) juiciness 
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