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FREE SAMPLE PREVIEW
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SECTION A | Agricultural Process
Engineering & Storage Systems

SECTION FOCUS

Engineering choices for safe handling, drying, processing and storage of agricultural produce.

CHAPTER 01 | SECTION A
Engineering properties: density, porosity and shape

CORE EXPLANATIONS

01. Bulk density is the mass of grain divided by the total volume occupied by kernels and spaces between
them. It is the relevant density for planning warehouse volume, hopper capacity and transport loads.

02. True or particle density excludes the intergranular voids. The gap between true and bulk density explains
why two lots with identical kernel composition may occupy different storage volumes.

03. Porosity is the fraction of bulk volume that is empty space. It affects airflow resistance, aeration
performance, insect movement and the distribution of interstitial gases.

04. Sphericity, size, aspect ratio and surface texture influence how grain flows through cleaners, hoppers and
conveying equipment. Broken kernels change packing and separation behaviour.

05. Angle of repose is the stable slope of a free grain heap. A larger angle commonly signals poorer flowability,
but moisture, fines, shape and cohesion must also be considered.

TECHNICAL DEEP DIVE

A grain heap may settle after vibration without any change in the true density of its kernels. That is a packing effect:
smaller void spaces allow more mass per cubic metre. When comparing two varieties, measure bulk density using the
same container, filling procedure and moisture condition; otherwise differences in handling can masquerade as
differences in grain properties.

Manager diagnostic checklist: Diagnostic checks: bulk density method; kernel size distribution; fines percentage;
moisture; filling history.

INDIAN WAREHOUSE / FOOD-INDUSTRY APPLICATION

At an Indian wheat warehouse, a manager cannot estimate the space for 800 tonnes by treating the kernels as
solid material. The appropriate calculation uses measured bulk density and allows additional operational
clearance, walkways and ventilation requirements. If fine dust accumulates, airflow through the bulk can
become less uniform.

WORKED ILLUSTRATION / NUMERICAL

If bulk density is 0.75 t/m3 and true density is 1.25 t/m3, porosity = 1 - (0.75/1.25) = 0.40, or 40%. A nominal
100 m3 bin would hold about 75 tonnes before deducting clearance and operating allowances.

EXAM TRAP & MANAGERIAL TAKEAWAY

Do not confuse bulk density with particle density; porosity is not the percentage of moisture. A high angle of repose is
not proof that true density has changed.

Revision prompt: Explain the main mechanism in your own words, identify the relevant measured variable, and state
the first evidence you would request before a warehouse decision.
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CHAPTER 02 | SECTION A

Grain flow, friction and pressure in silos

CORE EXPLANATIONS

01. Granular materials are not liquids. Grains transmit forces through particle contacts, and friction against silo
walls can carry a substantial share of the vertical load.

02. Janssen-type pressure concepts describe why vertical stress at a deep silo base does not rise indefinitely in
the same way as liquid hydrostatic pressure. Geometry and wall friction matter.

03. Mass flow means material moves through most of the hopper cross-section; funnel flow creates a central
channel while stagnant zones may remain near the walls.

04. Arching and ratholing interrupt discharge. Moisture, fines, consolidation, hopper angle, wall finish and
outlet size all affect the risk.

05. Segregation can occur during filling when coarse and fine particles follow different trajectories. It may
create pockets with different quality or airflow resistance.

TECHNICAL DEEP DIVE

Silo discharge should be studied as a coupled system: wall friction changes stress distribution, particle cohesion
influences arches, and hopper geometry governs the flow channel. Funnel flow can leave older grain near the walls,
creating a quality and stock-rotation problem. Design remedies require engineering review, not improvised
mechanical disturbance of bridged grain.

Manager diagnostic checklist: Diagnostic checks: flow pattern; hopper geometry; wall condition; fines; moisture;
safe isolation.

INDIAN WAREHOUSE / FOOD-INDUSTRY APPLICATION

A silo storing maize repeatedly develops stagnant material near the wall. Simply opening the outlet wider may
not resolve a funnel-flow design problem. The manager should assess flow pattern, wall angle, outlet
geometry, grain condition and safe cleaning methods with engineering specialists.

WORKED ILLUSTRATION / NUMERICAL

Suppose 50 tonnes are fed into a bin over 40 minutes. Average feed rate = 50 x 60/40 = 75 t/h. The selected
discharge and conveyor capacity should accommodate the required throughput with a suitable design margin.

EXAM TRAP & MANAGERIAL TAKEAWAY

Never assume hydrostatic pressure formulas apply unchanged to grain. Entering a silo to break a bridge is a
life-threatening confined-space hazard.

Revision prompt: Explain the main mechanism in your own words, identify the relevant measured variable, and state
the first evidence you would request before a warehouse decision.
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SAMPLE PRACTICE MCQs

Attempt each question before consulting the answer key. Options are deliberately similar; eliminate
alternatives using the scientific principle, units, constraints and warehouse context. These are
independently prepared practice questions, not official CWC examination questions.

PRACTICE SET 01 | QUESTIONS 1-12

SUGGESTED ATTEMPT

Try all questions in one sitting. Mark uncertain answers for later revision. Do not infer the correct option from
its length or wording.

SECTION A - Agricultural Process Engineering & Storage Systems

QO001. A bulk grain shows a marked increase in its angle of repose after prolonged handling.
Which operational inference is most justified?

A. Its bulk density must have increased proportionately.

B. Its true particle density must have decreased.

C. Its flowability has declined, increasing hopper-discharge risk.

D. Its equilibrium moisture content must have fallen.

QO002. A grain has a bulk density of 750 kg/m3 and a true particle density of 1,250 kg/m3. Its
approximate intergranular porosity is:

A. 35%

B. 40%

C. 45%

D. 60%

QO003. A 1,200 kg grain lot at 15% moisture (wet basis) is dried to 12% (wet basis), with dry
matter conserved. The approximate mass of water removed is:

A. 36.0 kg

B. 38.6 kg

C. 45.0 kg

D. 40.9 kg

QO004. A paddy dryer produces excessive fissured kernels despite achieving the target final
moisture. Which modification is most likely to improve head-rice recovery?

A. Introduce staged drying with adequate tempering intervals.

B. Increase the air temperature while shortening residence time.

C. Increase the drying gradient by reducing grain-bed depth.

D. Cool kernels abruptly immediately after high-temperature drying.
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QO005. A cleaned seed lot still contains stones that closely match the seed in size but differ in
specific gravity. Which separation step is most appropriate?

A. A finer vibrating screen with smaller apertures.

B. An aspirator operated at a higher air velocity.

C. A gravity separator with controlled deck airflow.

D. A magnetic separator followed by a scalper.

QO006. During grain cleaning, light chaff must be removed without substantially removing sound
kernels. The most relevant design basis for aspiration is the difference in:

A. Bulk densities of the two fractions considered alone.

B. Terminal settling velocities of the materials.

C. Sieve apertures required to retain each fraction.

D. Friction coefficients on inclined separator decks.

QO007. For paddy of suitable quality, which statement best describes the usual milling advantage
of properly controlled parboiling?

A. It generally reduces kernel breakage and raises head-rice yield.

B. It mainly reduces breakage by completely removing the bran before milling.

C. It improves milling recovery primarily by eliminating kernel moisture.

D. It increases head-rice yield by keeping starch fully ungelatinized.

QO008. A pulse mill has poor dehusking efficiency because the seed coat adheres strongly to
cotyledons. Which intervention is most technically appropriate?

A. Increase milling pressure without conditioning the pulses.
B. Dry the pulses rapidly to near-zero surface moisture.
C. Apply repeated polishing before any husk loosening.

D. Use controlled moistening/oiling followed by tempering.

Q009. Compared with mechanical expelling alone, solvent extraction of oilseed cake is principally
selected because it:

A. Requires no meal-conditioning step and avoids solvent recovery.

B. Can achieve lower residual oil with added solvent-safety controls.

C. Produces less extracted oil but eliminates thermal processing.

D. Avoids desolventizing because the solvent remains in the meal.

QO010. A steel grain silo develops wet, caked grain near its upper wall during a cool season
despite acceptable average bulk moisture. The most likely mechanism is:

A. An increase in true grain density caused by cooling.

B. Uniform moisture loss throughout the entire grain bulk.

C. Moisture migration and condensation driven by temperature gradients.

D. A permanent reduction in grain water activity caused by cooling.

QO011. Which feature most clearly distinguishes controlled-atmosphere storage from passive
modified-atmosphere storage?

A. Gas composition is actively measured and maintained at setpoints.

B. Gas composition changes solely through commodity respiration.

C. The storage enclosure must always be completely oxygen-free.

D. The system operates without gas monitoring or adjustment.
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QO012. A high-value dehydrated grain product is prone to oxidative rancidity and moisture pickup
during long distribution. Which packaging property combination is most important?

A. High oxygen permeability and low puncture resistance.

B. High vapour transmission and moderate light transmission.

C. Low tensile strength and high gas permeability.

D. Low oxygen and water-vapour transmission with adequate integrity.
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ANSWER KEY & EXPLANATIONS

Read the explanation even after a correct answer. Manager-level questions often distinguish closely
related scientific mechanisms. For numerical problems, check the stated basis and units.

SOLUTIONS | SET 01

1: C 2:B 3:D 4: A 5:C 6:B 7:A 8:D 9:B 10: C

11: A 12:D

Q001 | Answer C: Its flowability has declined, increasing hopper-discharge risk.

A larger angle of repose generally indicates greater interparticle friction/cohesion and poorer gravity flow; it does not
uniquely establish density or moisture changes.

Q002 | Answer B: 40%
Porosity = 1 — bulk density/true density = 1 — 750/1250 = 0.40, or 40%.

Q003 | Answer D: 40.9 kg
Dry matter = 1200 x 0.85 = 1020 kg. Final lot mass = 1020/0.88 = 1159.09 kg; water removed = 40.91 kg.

Q004 | Answer A: Introduce staged drying with adequate tempering intervals.

Staged drying and tempering allow internal moisture redistribution, reducing moisture-gradient stresses and fissuring.

Q005 | Answer C: A gravity separator with controlled deck airflow.

Gravity tables separate materials of similar size using density differences; sieves sort mainly by size and aspirators by
aerodynamic properties.

QO006 | Answer B: Terminal settling velocities of the materials.

Aspiration uses an air stream to separate particles by aerodynamic behaviour, especially differences in terminal
velocity.

Q007 | Answer A: It generally reduces kernel breakage and raises head-rice yield.

Controlled parboiling gelatinizes and re-hardens starch, often improving kernel integrity and head-rice recovery;
husking and whitening are still needed.

Q008 | Answer D: Use controlled moistening/oiling followed by tempering.

Appropriate conditioning and tempering loosen the husk-cotyledon bond and improve dehusking while limiting splits
and powder.

Q009 | Answer B: Can achieve lower residual oil with added solvent-safety controls.

Solvent extraction generally recovers more oil, but solvent recovery, desolventizing and stringent safety controls are
necessary.

Q010 | Answer C: Moisture migration and condensation driven by temperature gradients.

Temperature gradients create convective moisture migration; water can condense in cooler zones, producing local
spoilage even when mean moisture is acceptable.

Q011 | Answer A: Gas composition is actively measured and maintained at setpoints.

Controlled atmosphere systems regulate and maintain specified gas levels; passive modified atmospheres develop
through respiration, packaging permeability and related processes.

Q012 | Answer D: Low oxygen and water-vapour transmission with adequate integrity.

A suitable barrier pack must limit oxygen ingress and moisture exchange while maintaining seal and mechanical
integrity.
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CONTINUE LEARNING WITH SAMUCHIT365

The complete book covers all six syllabus sections, detailed Indian warehouse cases, formulas, safety notes
and all 180 manager-level questions. The free sample is not a substitute for the full edition.

FULL BOOK
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