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MECHANICS OF SOLIDS

Physical mechanics of solids

       Definitions of physical properties
       Systems and units of measurement
       General laws of mechanics

Statics of rigid bodies

       General considerations of forces on rigid bodies
       Composition, resolution, and equilibrium of forces
       Couples and moments
       Forces with different points of application
       Forces applied to support rigid bodies
       Fundamental problems in graphical statics
       Determination of stresses in members of a statically determinate plane structure with

loads at rest

Center of gravity

       General principles (center of gravity of centroids)
       Centroids of lines
       Centroids of plane areas
       Centroids of solids

Moment of inertia

       General principles (Moment of inertial)
       Relation between the moments of inertia of an area and a solid
       Moments of inertia about parallel axes
       Polar moment of inertia
       Product of inertia
       Relation between moments of inertia about axes inclined to each other
       Principal moments of inertia
       Relation between products of inertia and parallel axes
       Mohr's circle
       Moments of inertia of solids
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       Moment of inertia with reference to any axis
       Moments of inertia of important solids (Homogeneous)
       Ring with circular section
       Approximate moments of inertia of solids
       Moments of inertia for thin ring, or cylinder
       Flywheel effect
       Graphical determination of the centroids and moments of inertia of plane areas

Kinematics

       General
       Expressions showing the relations between space, time, velocity, and acceleration for
       rectilinear motion
       Composition and resolution of velocities and acceleration
       Curvilinear motion in a plane
       Curvilinear motion in space
       Motion of rigid bodies
       Angular motion
       Motion of a rigid body in a plane
       General motion of a rigid body

Dynamics of particles

       Particle force system
       General formulas for the motion of a body under the action of a constant unbalanced

force
       General rule for the solution of problems when the forces are constant in magnitude

and direction
       Simple pendulum
       Centrifugal and centripetal forces
       Balancing
       Systems of particles
       Rotation of solid bodies in a plane about fixed axes
       Rotation about an axis passing through the center of gravity
       General rule for rotating bodies
       Plane motion of a rigid body
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Work and energy

       Work (Definition and units)
       Energy (Definition and units)
       General rule for rectilinear motion
       Friction brake

Impulse and momentum

       General
       Impact
       Variable mass
       Fields of force-Attraction
       Rotation of solid bodies about any axis

Gyroscope

       Gyroscopic motion
       Gyroscope applications

FRICTION

Friction (Definition)

Static and sliding coefficients of friction

       General
       Effect of surface films on friction
       Effect of sliding velocity on friction
       Effect of surface finish on friction
       Solid lubricants and friction
       Coefficients of static friction for special cases
       Coefficients of sliding friction for special cases

Rolling friction
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Friction of machine elements

       General
       Friction of wedges
       Friction of screws
       Friction of toothed and worm gearing
       Friction of journals and bearings
       Friction of thrust bearings
       Frictional forces in pin joints of mechanisms
       Friction of tension elements

MECHANICS OF FLUIDS

Notation for fluid mechanics

Fluids and other substances defined

Fluid properties

       Density
       Specific volume
       Specific weight
       Bulk modulus of elasticity
       Viscosity
       Kinematic viscosity
       Surface tension
       Capillary action
       Vapor pressure

Fluid statics

       Fluid pressure
       Basic equation of fluid statics
       Pressure-height relations
       Temperature-height relations
       Liquid Forces
       Buoyancy
       Static Stability
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Fluid kinematics

       Steady and unsteady flow
       Streamlines and stream tubes
       Velocity and acceleration
       Velocity profile

Fluid dynamics

       Equation of motion
       Energy equation
       Area-velocity relations
       Forces on blades and deflectors
       Impulse turbine
       Flow in a curved path

Dimensionless parameters

       Dimensionless parameter uses
       Dimensionless parameters for models vs. prototypes
       Dimensionless parameters for similarity requirements
       Dimensionless parameters for fluid forces
       Dimensionless parameters for standard numbers

Dynamic similarity

       Dynamic similarity for vibration
       Dynamic similarity for incompressible flow
       Dynamic similarity for compressible flow
       Dynamic similarity for centrifugal machinery
       Dynamic similarity for liquid surfaces

Dimensional analysis

       Dimensional analysis (Definition)
       Dimensions
       Lord Rayleighs method
       Buckinham II theorem
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Forces on immersed objects

       Drag and lift
       Skin-friction drag
       Transition
       Pressure drag
       Wake frequency

Flow in pipes

       Parameters for pipe flow
       Laminar flow in pipes
       Turbulent flow in pipes
       Engineering calculations for pipe flow
       Velocity profile in pipes
       Compressible flow in pipes
       Adiabatic flow in pipes
       Isothermal flow in pipes
       Flow in noncircular pipes

Piping systems

       Resistance parameters for piping systems
       Siphons

ASME Pipeline flowmeters

       Parameters for flowmeters
       Venturi tubes
       Flow nozzles
       Compressible flow--Venturi tubes and flow nozzles
       Orifice meters
       Compressible flow through ASME orifices

Pitot tubes

       Pitot tubes (Definition)
       Pitot tube coefficient
       Pipe coefficient
       Compression factor for compressible flow
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ASME Weirs

       ASME weirs (Definitions)
       ASME weirs parameters
       Rectangular weirs
       Triangular weirs

Open-channel flow

       Open-channel flow (Definitions)
       Open-channel flow parameters
       Roughness factors in open-channel flow
       Specific energy in open-channel flow
       Critical values in open-channel flow

Flow of liquids from tank openings

       Steady state flow from tank openings
       Unsteady state from tank openings

Water hammer

       Equations for water-hammer
       Time of closure for water-hammer

THERMODYNAMICS

Thermometer scales

Expansion of bodies by heat

Units of force and mass
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Measurement of heat

       Units of heat
       Heat capacity and specific heat
       Specific heat of solids
       Specific heat of liquids
       Specific heat of gases
       Specific heat of mixtures
       Specific heat of solutions
       Latent heats
       Thermodynamic principles
              Thermodynamic notation and laws
              Reversible and irreversible processes
              Steady-flow processes
              Clapeyron equation

Entropy

Perfect differentials (Thermodynamics)

       Maxwell relations
       Presentation of thermal properties

Ideal gas laws

Ideal gas mixtures

Special changes of state for ideal gases

       Formulas (Ideal gases)
       Determination of exponent n (Ideal gases)
       Changes of state with variable specific heat (Ideal gases)
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Ideal cycles with perfect gases

       Introduction to ideal gas cycles
       Carnot cycle
       Otto cycle
       Diesel cycle
       Joule cycle
       Stirling cycle

Air compression

       Compressor cycles
       Gas turbine

Vapors (Thermodynamics)

       General characteristics (Vapors)
       Critical state (Vapors)
       Vapor pressures

Thermal properties of saturated vapors and of vapor and liquid mixtures

Changes of state, superheated vapors and mixtures of liquid and vapor

       Isothermal (Changes of state)
       Constant pressure (Changes of state)
       Constant volume (Changes of state)
       Isentropic (Changes of state)

Mixtures of air and water vapor

Humidity measurements

Psychrometric charts
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Air conditioning

       Air conditioning processes
       Heating and cooling above the dew point
       Cooling below the dew point
       Adiabatic saturation
       Mixing two atmospheres
       Cooling tower
       Evaporative condenser

Refrigeration

Steam cycles

       Rankine cycle
       Efficiency of the actual steam engine
       Reheating cycle
       Bleeding cycle

Thermodynamics of flow of compressible fluids

       Compressible fluids (Definition and notation)
       Fundamental equations for compressible fluids
       Flow through orifices and nozzles
       Formulas for orifice computations
       Formulas for discharge of steam
       Flow through converging-diverging nozzles
       Divergence of nozzles
       Theory of supersaturation
       Flow of wet steam
       Fluid velocity coefficients, loss of energy y

Flow of fluids in circular pipes

       Fundamental equations for circular pipe flow
       Coefficients of friction
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Throttling

       Throttling principles
       Joule-Thomson effect
       Loss due to throttling

Combustion Gaseous and liquid fuels

       Combustion equations
       Air required for combustion
       Products of combustion
       Fuel volume contraction
       Heat of combustion
       Heat value per unit volume
       Heat value per unit volume of mixture
       Low and high heat values
       Heat of formation

Internal energy and enthalpy of gases

Temperature attained by combustion

Effect of dissociation

Combustion Solid fuels

Air required for combustion

Combustion products

Loss due to incomplete combustion

MECHANICAL PROPERTIES OF MATERIALS

Stress and strain diagrams

       The stress-strain curve
       Compression testing
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       Plane strain
       Stress concentration

Fracture at low stresses

       Cause of fracture failure
       Transition temperature approach
       Charpy V-notch test
       Fracture mechanics

Fatigue

Creep

Hardness

       Hardness (Definition)
       Scratch hardness
       Indentation hardness
       Brinell hardness
       Rockwell hardness
       Vickers hardness
       Other methods

Testing of materials

       Testing machines
       Accuracy and calibration of materials testing

MECHANICS OF MATERIALS

Symbols of mechanics

Simple stresses and strains

       Deformation
       Stress
       Temperature stresses
       Thermal stresses

TABLE OF CONTENTS (page 12 of 28)



Marks’ Electronic Handbook for
Mechanical Engineers

Combined stresses

       Simple stress
       Mohr's stress circle
       Mohr's strain circle

Design stresses

Beams

       Beam notation
       Moment-shear relation
       Maximum safe load on steel beams
       Theory of beam flexure
       Oblique beam loading
       Internal moment of beams beyond the elastic limit
       Deflection of beams
       Relation between beam deflection and stress
       Graphical relations for beam loads
       Resilience of beams
       Rolling loads on beams
       Constrained beams
       Continuous beams
       Maxwell's theorem
       Castigliano's theorem
       Beams of uniform strength

Torsion

Column mechanics

       Column (Definitions)
       Long column mechanics
       Short column mechanics
       Combined column flexure and longitudinal force

Eccentric loads

Curved beam mechanics
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Impact

Theory of elasticity

Cylinder and sphere mechanics

       Thin-walled cylinder mechanics
       Thick-walled cylinder mechanics
       Oval hollow cylinders mechanics
       Thick hollow spheres mechanics

Pressure between bodies with curved surfaces

       Pressure between two spheres
       Pressure between sphere and flat plate
       Pressure between two cylinders
       Pressure between cylinder and flat plate

Flat plates

Theories of failure

       Basis for theories of failure
       Maximum-stress theory
       Maximum-shear theory
       Maximum-strain-energy theory
       Maximum-distortion-energy theory
       Maximum-strain theory
       Internal-friction theory
       Graphical representation of failure

Plasticity

Rotating disks

       Stresses in solid disks
       Stresses in turbine disks
       Rotating disks with noncentral holes
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PIPELINE FLEXURE STRESSES CAUSED BY
EXPANSION OR MOVEMENT OF SUPPORTS

Pipeline flexure nomenclature

Principles of pipeline flexure stress

Elimination of pipeline flexure stresses

VIBRATION

Free, damped, and forced vibrations

       Simple vibrating system
       Free vibrations
       Logarithmic decrement in vibration
       Forced vibration
       Structural damping
       Energy method
       Natural frequencies of simple systems
       Vibration isolation
       Balancing of rotating machines
       Inertial unbalance of reciprocating engines
       Vibration absorbers
       Critical speed for rotating shafts
       Lateral vibrations of shafts on three supports
       Lateral vibrations of uniform beams
       Longitudinal and torsional vibration of uniform rods
       Vibration of membranes
       Vibration of plates
       Circular plate clamped at the boundary
       Circular plate fixed at the center

Vibration-measuring instruments
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GEARING

Gear notation

Basic Gear Data

       Gear types
       Metric gears-Tooth proportions and standards

Fundamental Relationships of Spur and Helical Gears

       Gear center distance
       Gear contact ratio
       Gear tooth thickness
       Metric-module gear-design equations

Helical Gears

       Helical gear definitions
       Over-pins measurement of helical gears
       Parallel-shaft helical gears
       Crossed-axis helical gears
       Helical-gear calculations

Nonspur gear definitions

       Bevel gears
       Definitions
       20 Straight bevel gears for 90° shaft angle
       Spiral bevel gears for 90° shaft angle

Worm Gears and Worms

       Worm gear definitions
       Worm mesh nonreversibility
       Double enveloping worm gearing
       Other gear types
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STEAM ENGINES

Definition (Steam engines)

Work and Dimensions (Steam engines)

Mechanical Efficiency and Shaft Output

Engine Steam (Water) Rates

Steam Engine Details

Valve and Port Sizes

Superheated Steam

INTERNAL-COMBUSTION ENGINES

Internal Combustion Cycles

       General features
       Spark-ignition engines
       Compression-ignition engines
       Dual-fuel engine
       Four-stroke cycle
       Two-stroke cycle

Types of Internal Combustion Engines

       Wankel (Rotary) Engines
       Aircraft Engines
       Truck And Bus Engines
       Tractor Engines
       Stationary Engines
       Locomotive Engines
       Marine Engines
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Combustion Chambers in Spark-Ignition Engines

Combustion Chambers in Compression-Ignition Engines

Carburetion

Fuel Injection: Diesel Engines

       Methods of fuel injections
       Fuel injection pumps
       Fuel Lines
       Fuel-Injection Nozzles
       Fuel injection system characteristics

Fuel injection: Spark-Ignition Engines

Ignition And Spark Advance

Scavenging Two-Stroke-Cycle Engines

Regulation

Analysis of the Engine Process

       Engine cycle analysis
       Deviations from ideal engine processes
       Flame Travel
       Exhaust-Gas Analysis

Air Pollution

       General Relationship
       Emission Sources
       Effects of Gasoline-Engine Design Variables
       Gasoline-Engine Operating Variables
       Gasoline-Engine Exhaust-Treatment Devices
       Emission Testing
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STEAM TURBINES

Steam trubine description and classification

Steam turbine-stage design

General advantages of steam turbines

Steam flow through nozzles and buckets in impulse turbines

       Steam turbine nozzles
       Steam turbine stage efficiency
       Friction losses in steam turbines
       Turbine steam-flow requirements
       Turbine steam-path design
       Low-pressure elements of steam turbines
              Principles of steam turbine operation
              Increasing low-pressure blade area in steam turbines
              Moisture loss in steam turbines
              Steam turbine blade erosion
              Rotative speed for steam turbines
              Rotor balancing in steam turbines

Steam turbine buckets, blading, and parts

       Steam turbine blade vibration
       Steam turbine blade materials
       Steam turbine rotor materials
       Steam turbine casing and bolting materials
       Steam leakage in turbines
       Steam turbine labyrinths
       Steam turbine turning gears
       High-temperature joint bolting in steam turbines
       Steam turbine thrust bearings
       Steam turbine controls
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Industrial and auxiliary steam turbines

       Low-capacity steam turbines
       Back-pressure steam turbines
       Boiler-feed-pump-drive steam turbines
       Extraction steam turbines
       Mechnical-drive steam turbines
       Marine steam turbines

Steam turbine performance

       Steam turbine efficiency
       Mechanical-drive steam turbines

GAS TURBINES

Gas-turbine cycles

Gas-turbine types

Gas-turbine components

       Gas-turbine operation
       Axial-flow compressors for Gas-turbines
       Turbines for Gas-turbines
       Regenerators for Gas-turbines

Gas-turbine arrangements

       Single- and multiple-shaft for Gas-turbines
       Aircraft jet engine
       Fan engine

General characteristics of Gas-turbines
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HYDRAULIC TURBINES

Hydraulic turbine operation

       Hydraulic turbine notation
       Fundamental formulas for hydraulic turbines
       Types of hydraulic turbines
       Selection of hydraulic turbine type and casing
       Specific speed for hydraulic turbines
       Selecting hydraulic turbine speed
       Number of hydraulic turbine units in plant

Reaction turbines

       Francis turbine
       Propeller turbines blade
       Axial-flow turbines
       Design of reaction turbines
       Reaction turbine characteristics
       Runaway speed for reaction turbines
       Reaction turbine thrust
       Reaction turbines elements

Impulse turbines

       Impulse turbine operation
       Selection of speed for impulse turbines
       Basic dimensions of impulse turbines
       Impulse turbine runner
       Needle nozzle for impulse turbines
       Impulse turbine regulation
       Runaway speed for impulse turbines

Reversible pump / turbines
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Hydraulic turbine speed regulation

       Hydraulic turbine speed regulation principles
       Electric governor for hydraulic turbines
       Electronic governors for hydraulic turbines
       Speed regulation requirementsfor hydraulic turbines
       Speed rise following load reduction in hydraulic turbines
       Speed drop following load increase in hydraulic turbines
       Water hammer in hydraulic turbine penstocks

Hydraulic turbine auxiliaries

POSITIVE-DISPLACEMENT PUMPS

Definition of positive displacement pumps

Reciprocating pumps

       Definition of reciprocating pumps
       Vertical power pumps
       Conventional power pumps
       Horizontal power pumps
       Horizontal piston power pumps
       Pumps for very high pressure
       Variable-capacity power pumps
       Slurry pumps
       Suction lift, or head
       High-speed plunger pumps
       Flow and acceleration (Reciprocating pumps)

Pulsation dampeners (Cushion chambers)

Power-pump speeds

Brake horsepower

       Brake horsepower calculations
       Volumetric efficiency (Pumps)
       Mechanical efficiency (Pumps)
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Plunger load

Direct-acting steam pumps

Pump valves

       Disk valves
       Velocity through valve seats
       Materials for pumps

Controlled volume pumps

Rotary pumps

Single-rotor pumps

       Vane pumps
       Eccentric-piston pumps
       Radial-plunger and swash-plate pumps
       Flexible-member pump
       Lobar pump
       Gear pumps
       Internal-gear pumps
       Screw pumps

Rotary pump capacity

       Rotary pump definition
       Rotary pump slip

Pistonless pumps
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CENTRIFUGAL AND AXIAL-FLOW PUMPS

Centrifugal and axial-flow pump nomenclature and design

       Centrifugal and axial-flow pump definition
       Centrifugal and axial-flow pump casings
       Impellers and wearing rings
       Axial thrust in single-stage and multistage pumps
       Centrifugal pump shafts and shaft sleeves
       Stuffing boxes
       Centrifugal pump bearings
       Centrifugal pump couplings
       Centrifugal pump mounting
       Vertical centrifugal pumps

Centrifugal pump performance

       Centrifugal pump performance characteristics
       Centrifugal pump performance characteristc curves
       Centrifugal pump specific speed

Centrifugal pump theory

       General theory of centrifugal pumps
       Radial and mixed-flow impellers
       Axial-flow impellers

Centrifugal pump application

       Centrifugal pump variables
       Centrifugal pump speed changes
       Factors of each other (Centrifugal pumps)
       Constant head (Centrifugal pumps)
       Performance curves (Centrifugal pumps)
       Fluid properties (Centrifugal pumps)
       Net positive suction head (Centrifugal pumps)
       Suction specific speed (Centrifugal pumps)
       System head curve (Centrifugal pumps)
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      Centrifugal pump capacity
       Parallel and series centrifugal pump operation
       Priming centrifugal pumps

CENTRIFUGAL AND AXIAL-FLOW PUMPS

Centrifugal and axial-flow pump nomenclature and design

       Centrifugal and axial-flow pump definition
       Centrifugal and axial-flow pump casings
       Impellers and wearing rings
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Centrifugal pump theory

       General theory of centrifugal pumps
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      Net positive suction head (Centrifugal pumps)
       Suction specific speed (Centrifugal pumps)
       System head curve (Centrifugal pumps)
       Centrifugal pump capacity
       Parallel and series centrifugal pump operation
       Priming centrifugal pumps

HIGH-VACUUM PUMPS

High-vacuum pump description and units

Selection of high-vacuum pumps

High-vacuum pump types and sizes

Installation of high-vacuum pumps

Vapor contamination in high-vacuum pumps

Pipe flow of gases for high-vacuum systems

       Flow principles for high-vacuum systems
       Knudsen number for high-vacuum systems
       Outgassing in high-vacuum systems

Applications of high-vacuum pumps.

COMPRESSORS

Compressor notation

Compressed air and gas usage

Standard units and conditions for compressors

Thermodynamics of compression

Adiabatic analysis of compressors
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Polytropic process for compressors

Real-gas effects in compressors

Compressor multi-staging and intercooling

Positive-displacement compressors versus dynamic compressors

Surging in compressors

Reciprocating compressors

       Principles of reciprocating compressors
       Reciprocating compressor operation

Compressor valves

Piston rings for compressors

Piston-rod packing for compressors

Compressors lubrication

Compressor accessories

Compressor cylinder cooling

Rotary-vane compressors

Rotary, twin-screw, oil-flooded compressors

       Rotary compressor operation
       Rotary compressor applications
       Rotary compressor control
       Rotary compressor lubrication
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Rotary single-screw compressors

Dry rotary twin-screw compressors

Rotary dry-lobe compressors

Dynamic compressors

       Centrifugal compressor
       Axial compressors

Thrust pressures in compressors
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HIGH-VACUUM PUMPS

Pipe flow of gases for high-vacuum systems

Knudsen number for high-vacuum systems

The conductance of a pipe depends on the geometry and the Knudsen number K (defined
as the ratio of the mean free path of the gas molecules to the mean diameter of the cross
section) as well as the direction and velocity of the molecules entering the pipe. For K > 1
the conductance for air in liters per second at 25°C of a circular pipe of length L (feet) and
inside diameter D (inches) connecting a high-vacuum pump to a chamber of diameter
greater than 3D, including the "entrance correction" at the chamber, but neglecting the
"exit correction" at the pump which depends on the inlet diameter and other factors, may
be calculated from U = 6.6D^3/(L + 0.11D). The effect of right-angle bends in the pipe for
"molecular flow" K > 1 and for L > D/3 may be approximated by adding 0.05D to L for
each bend (where L is in feet and D in inches). A single right-angle bend in a short pipe (L
< D/3) has practically no effect on the conductance as computed for a straight pipe of the
same length along the centerline

When K < 0.01, the conductance in liters per second for air at 20°C of a long circular pipe
length L (feet) and diameter D (inches) may be calculated from U = 0.25D^4P /L, where P
is the mean pressure in the pipe in millitorr (micrometers of Hg). For 0.01 < K < 1 the
conductance for air at 20°C of a long tube can be estimated from the following equation:
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The size of the primary pump, which acts as a "roughing pump" to pump the chamber
down from atmospheric pressure to a pressure at which a diffusion pump or other high-
vacuum pump can operate, may depend on the peak gas load during the process as well
as the desired pump-down time. However, the size indicated by the peak load condition
is frequently much smaller than the size required to meet the specified pump-down or
roughing time. In this case, if the process cycle is much longer than the pump-down time,
it is advisable to use two forepumps (primary pumps), a large one for roughing down and
a smaller one for holding the vapor pumps during the roughing period and backing them
during the processing period. Roots-type blowers are useful for shortening the roughing
time for large chambers in the range below 20 torr and for handling unusually large bursts
of gas which occur in some processes.
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An oil-sealed rotary mechanical pump is normally used as the primary pump. The roughing
time tr (in minutes) required to evacuate a chamber of volume V (cubic feet) from
atmospheric pressure to about 0.7 torr at which high-vacuum pumps begin to operate can
be estimated from tr = 10VC, where C is the rated speed (cubic feet per minute) at
atmospheric pressure of the rotary pump. Since the speed of the high-vacuum pumps is
usually of the order of 100 times that of the forepump, the pressure should drop quickly as
soon as the high-vacuum pumps "take hold," but below 10^-4 torr the pressure may begin
to decrease more slowly because of the outgassing of the materials exposed inside the
vacuum system.
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