Table of Contents

Preface . . . . . . . .. ... ... L. ix
Acknowledgments . . . . . .. ... ... ... .. xi
Codes Used to Prepare This Book . . ... .. xiii
Introduction . . . . . ... ... oo XV

Topic I: Mathematics

Systems of Units . . . . .. ... ... .. ..... 1-1
Engineering Drawing Practice . . . . ... .. .. 2-1
Algebra . . ... .. ... oo oo 3-1
Linear Algebra . . . ... ... ... ... ... . 4-1
Vectors . . . ... ... .. 5-1
Trigonometry . . . . . ... ..o 6-1
Analytic Geometry . . ... ... .00 7-1
Differential Calculus . . . . ... ... ... .. .. 8-1
Integral Calculus . . . ... ... ... ... .... 9-1
Differential Equations . . . . . . .. ... ... .. 10-1
Probability and Statistical Analysis of Data . . . 11-1
Numbering Systems . . . . ... ... .. ... .. 12-1
Numerical Analysis . . ... ... ... ... ... 13-1

Topic lI: Fluids

Fluid Properties . . . . .. ... ... ... .... 14-1
Fluid Statics . . . . ... ... ... ... ..... 15-1
Fluid Flow Parameters . . ... ... ... .. .. 16-1
Fluid Dynamics . . ... ... ... ... ..... 17-1
Hydraulic Machines . . . . .. ... ... ... .. 18-1
Fluid Power . . .. ... ... ... ........ 19-1
Fans and Ductwork . . .. ... ... ... .... 20-1

Topic lll: Thermodynamics

Inorganic Chemistry . . . . . ... ... ... ... 21-1
Fuels and Combustion . . . . ... ... ... ... 22-1
Energy, Work, and Power . . . . .. ... ... .. 23-1
Thermodynamic Properties

of Substances . . ... ... ... ... .. ... 24-1
Changes in Thermodynamic Properties . . . . . . 25-1
Compressible Fluid Dynamics . . . . ... .. .. 26-1

Topic IV: Power Cycles

Vapor Power Equipment . . . .. ... ... ... 27-1
Vapor Power Cycles . . ... ... .. ... .... 28-1
Combustion Power Cycles . .. ... ... .. .. 29-1
Nuclear Power Cycles . . . ... ... ... .... 30-1
Advanced and Alternative

Power-Generating Systems . . . . . . ... ... 31-1
Gas Compression Cycles . . . ... ... ... .. 32-1
Refrigeration Cycles . . . . ... ... ... .. .. 33-1

Topic V: Heat Transfer

Fundamental Heat Transfer . . . . . ... ... .. 34-1
Natural Convection, Evaporation,

and Condensation . . . . .. ... ... ..... 35-1
Forced Convection and Heat Exchangers . . . . . 36-1
Radiation and Combined Heat Transfer . . . . . . 37-1

Topic VI: HVAC

Psychrometrics . . . . ... ... 0oL 38-1
Ventilation . . ... ... ... ... 0L 39-1
Heating Load . . . . . ... ... ... ... ... 40-1
Cooling Load . . . ... ... .. ... ... .... 41-1
Air Conditioning Systems and Controls . . . . . . 42-1
Topic VII: Statics

Determinate Statics . . . . .. ... ... ... .. 43-1
Indeterminate Statics . . . . .. ... ... .. .. 44-1

Topic VllI: Materials

Engineering Materials . . . . ... .. ... ... 45-1
Material Properties and Testing . . . . . ... .. 46-1
Thermal Treatment of Metals . . . ... ... .. 47-1
Properties of Areas . . . . ... ... ... .... 48-1
Strength of Materials . . ... ... ... ..... 49-1
Failure Theories . . .. .. ... ... ... .... 50-1
Topic IX: Machine Design

Basic Machine Design . . . . ... ... ... ... 51-1
Advanced Machine Design . . .. ... ... ... 52-1
Pressure Vessels . . . ... ... ... ... . ... 53-1

Topic X: Dynamics and Vibrations

Properties of Solid Bodies . . ... .. ... ... 54-1
Kinematics . . . . .. ... ... 0oL 55-1
Kinetics . . . . . ... oo 56-1
Mechanisms and Power Transmission

Systems . . .. ... o 57-1
Vibrating Systems . . . . ... ... ... ... .. 58-1
Topic XI: Control Systems
Modeling of Engineering Systems . . . . ... .. 59-1
Analysis of Engineering Systems . . . . . . .. .. 60-1
Topic XII: Plant Engineering
Management Science . . ... .... ... .. .. 61-1
Instrumentation and Measurements . . . . . . . . 62-1
Manufacturing Processes . . . . ... .. ... .. 63-1
Materials Handling and Processing . . . ... .. 64-1
Fire Protection Systems . . . . ... ... ... .. 65-1
Environmental Engineering . . . . . ... ... .. 66-1

PROFESSIONAL PUBLICATIONS, INC.



http://ppi2pass.com/ppi/PPIShop?pr=MERM12&ct=MECHANICAL&idx=0

Vi MECHANICAL ENGINEERING REFERENCE MANUAL

Electricity and Electrical Equipment . . . . . .. 67-1
Illumination and Sound . . . . . .. .. ... ... 68-1

Topic Xlll: Economics
Engineering Economic Analysis . . ... ... .. 69-1

Topic XIV: Law and Ethics

Engineering Law . . . . . . ... ... 70-1
Engineering Ethics . . . . . ... ... ... ... 71-1
Engineering Registration in the

United States . . .. ... ... ... . ..... 72-1
Topic XV: Support Material
Appendices . . . .. ... oo oo A-1
Index . . ... ... ... .. I-1

PROFESSIONAL PUBLICATIONS, INC.



http://ppi2pass.com/ppi/PPIShop?pr=MERM12&ct=MECHANICAL&idx=0

Appendices
Table of Contents

1.A Conversion Factors . . .. .. .. ... ... A-1

1.B Common SI Unit Conversion Factors . . . . A-3

7.A Mensuration of Two-Dimensional Areas . . A-7
7.B Mensuration of Three-Dimensional

Volumes . . ... ... ... ... ..... A-9

9.A Abbreviated Table of Indefinite Integrals ~ A-10

10.A Laplace Transforms . . . . . .. ... ... A-11

11.A Areas Under the Standard Normal Curve A-12
14.A Properties of Water at Atmospheric

Pressure (customary U.S. units) . ... A-13
14.B Properties of Water at Atmospheric

Pressure (ST units) . . ... ... .... A-13
14.C Viscosity of Water in Other Units . . . . . A-14
14.D Properties of Air at Atmospheric Pressure

(customary U.S. units) . . . ... .. .. A-14
14.E Properties of Air at Atmospheric Pressure

(STunits) . ... .. .. .. ... .... A-14
14.F Properties of Common Liquids . . . . .. A-15
14.G Properties of Uncommon Fluids . . . . . . A-16
14.H Vapor Pressures of Various Hydrocarbons

and Water . . . .. ... ... ... ... A-17
14.1 Specific Gravity of Hydrocarbons . . . . . A-18
14.J Viscosity Conversion Chart . . . . . .. .. A-19
14.K Viscosity Index Chart: 0-100 V.I.. . . . . A-20

16.A Area, Wetted Perimeter, and Hydraulic

Radius of Partially Filled Circular Pipes A-21
16.B Dimensions of Welded and Seamless Steel

Pipe (selected sizes) (customary

US.units) . . .. ... A-22
16.C Dimensions of Welded and Seamless Steel

Pipe (schedules 40 and 80) (SI units) . A-25
16.D Dimensions of Copper Water Tubing

(customary U.S. units) . . . .. ... .. A-26
16.E Dimensions of Brass and Copper Tubing
(customary U.S. units) . . . ... .. .. A-27

16.F Dimensions of Seamless Steel Boiler
(BWG) Tubing (customary U.S. units)  A-28
16.G Dimensions of Small-Diameter PVC Pipe
(customary U.S. units) . . . ... .. .. A-29
16.H Standard ANSI Piping Symbols . . . . . . A-30

17.A Specific Roughness and Hazen-Williams
Constants for Various Pipe Materials . A-31

17.B Darcy Friction Factors . . . ... ... .. A-32
17.C Flow of Water Through Schedule-40

Steel Pipe . . . .. ... ... ... A-36
17.D Equivalent Length of Straight Pipe for

Various (Generic) Fittings . . . . . . .. A-37
19.A Symbols for Fluid Power Equipment . . . A-38

21.A Atomic Numbers and Weights of the

Elements . . . . ... ... ... ..... A-39
21.B Periodic Table of the Elements . . . . . . A-40
21.C Water Chemistry CaCOg Equivalents . . A-41
22.A Heats of Combustion for Common

Compounds . . .. ... ......... A-43
24.A Properties of Saturated Steam by

Temperature (customary U.S. units) . . A-44
24.B Properties of Saturated Steam by

Pressure (customary U.S. units) . ... A-47
24.C Properties of Superheated Steam

(customary U.S. units) . . . . ... ... A-49
24.D Properties of Compressed Water

(customary U.S. units) . . . . ... ... A-51
24.E Enthalpy-Entropy (Mollier) Diagram

for Steam (customary U.S. units) . . . . A-53
24.F Properties of Low-Pressure Air

(customary U.S. units) . . . ... .. .. A-54

24.G Properties of Saturated Refrigerant-12
(R-12) by Temperature (customary

US. units) . . ... ... A-56
24.H Properties of Saturated Refrigerant-12

(R-12) by Pressure . . ... ... .... A-57
24.1 Properties of Superheated Refrigerant-12

R-12) .« A-58

24.J Pressure-Enthalpy Diagram for

Refrigerant-12 (R-12) (customary

US.units) . .. ..o oo A-60
24.K Properties of Saturated Refrigerant-22

(R-22) by Temperature (customary

US.units) . .. ..o o A-61
24.L, Pressure-Enthalpy Diagram for

Refrigerant-22 (R-22) (customary

US units) . .. ..o A-63
24.M Pressure-Enthalpy Diagram for

Refrigerant HFC-134a (customary

US.units) . .. ..o A-64
24.N Properties of Saturated Steam by

Temperature (SI units) . . . . ... ... A-65
24.0 Properties of Saturated Steam by

Pressure (ST units) . . ... ....... A-67
24.P Properties of Superheated Steam

(STunits) . ... .. .. ... .. .... A-69
24.Q Properties of Compressed Water

(STunits) . .. ... ... ... ... A-70
24.R Enthalpy-Entropy (Mollier) Diagram

for Steam (ST units) . . ......... A-72

24.S Properties of Low-Pressure Air (SI units) A-73

24.T Properties of Saturated Refrigerant-12
(R-12) by Temperature (ST units) . . . . A-75

PROFESSIONAL PUBLICATIONS, INC.



http://ppi2pass.com/ppi/PPIShop?pr=MERM12&ct=MECHANICAL&idx=0

viili MECHANICAL ENGINEERING REFERENCE MANUAL

24.U Pressure-Enthalpy Diagram for

Refrigerant-12 (R-12) (ST units) . . . . . A-T7
24.V Properties of Saturated Refrigerant-22

(R-22) by Temperature (SI units) . . . . A-78
24.W Pressure-Enthalpy Diagram for

Refrigerant-22 (R-22) (ST units) . . . . . A-80
24.X Pressure-Enthalpy Diagram for

Refrigerant HFC-134a (SI units) . ... A-81
24.Y Physical Properties of Selected Solids . . A-82
24.7Z. Generalized Compressibility Charts . . . . A-83
26.A Isentropic Flow Factors. . . . ... .. .. A-84
26.B Isentropic Flow and Normal Shock

Parameters . . ... ... ... .. ... A-85
26.C Fanno Flow Factors . . . . ... ... ... A-86
26.D Rayleigh Flow Factors . . ... ... ... A-87
26.E International Standard Atmosphere . . . . A-88
34.A Representative Thermal Conductivity . . A-89
34.B Properties of Metals and Alloys . . . . . . A-90
34.C Properties of Nonmetals . . .. ... ... A-91
34.D Transient Heat Flow Charts

(solid spheres of radius r,) . . . . . . .. A-92
34.E Transient Heat Flow Charts (infinite

solid circular cylinders of radius r,) . . A-93
34.F Transient Heat Flow Charts

(infinite flat slabs of thickness 2L) . .. A-94

34.G Heisler Transient Heat Flow Chart

(temperature at center of a sphere of

radius 7o) . ... A-95
34.H Heisler Transient Heat Flow Chart

(temperature at center of infinite cylinder

ofradius ro) . . . . ... A-96
34.1 Heisler Transient Heat Flow Chart

(temperature at center of infinite slab of

thickness 20) . .. ... ... ...... A-97
35.A Properties of Saturated Water
(customary U.S. units) . . . ... .. .. A-98

35.B Properties of Saturated Water (SI units) . A-98
35.C Properties of Atmospheric Air

(customary U.S. units) . . . .. ... .. A-99
35.D Properties of Atmospheric Air (SI units) . A-99

35.E Properties of Steam at One Atmosphere

(customary U.S. units) . . . .. ... .. A-100
35.F Properties of Steam at One Atmosphere
(SLunits) .. ...... ... ...... A-100

36.A Correction Factor, F,, for the Logarithmic

Mean Temperature Difference (one shell

pass, even number of tube passes) . .. A-101
36.B Correction Factor, F,, for the Logarithmic

Mean Temperature Difference (two shell

passes, multiple of four tube passes) . . A-101
36.C Correction Factor, F, for the Logarithmic

Mean Temperature Difference (one shell

pass, three tube passes, two counter and

one cocurrent) . . . . ... .. ... .. A-102
36.D Correction Factor, F,, for the Logarithmic

Mean Temperature Difference (cross flow

shell, one tube pass) . . ......... A-102

36.E Characteristics of Birmingham Wire Gage

(BWG) Size Tubing . .. ... ..... A-103
36.F Heat Exchanger Effectiveness . . .. ... A-104
37.A Emissivities of Various Surfaces . . . . . . A-106

38.A ASHRAE Psychrometric Chart No. 1,
Normal Temperature—Sea Level
(32-120°) (customary U.S. units) . . . .

38.B ASHRAE Psychrometric Chart No. 1,
Normal Temperature—Sea Level (0-50°)
(STunits) .. ............... A-108

38.C ASHRAE Psychrometric Chart No. 2,

Low Temperature—Sea Level (—40-50°)

(customary U.S. units) . . . . ... ... A-109
38.D ASHRAE Psychrometric Chart No. 3,

High Temperature—Sea Level (60-250°)

(customary U.S. units) . . . .. ... .. A-110
40.A Representative Insulating Properties of

Selected Building Materials . . . . . . . A-111
46.A Typical Mechanical Properties of

Representative Metals . . . . ... ... A-113

46.B Typical Mechanical Properties of

Thermoplastic Resins and Composites . A-116
48.A Centroids and Area Moments of Inertia

for Basic Shapes . . .. ... ... ... A-117
49.A Elastic Beam Deflection Equations . . . . A-118
49.B Stress Concentration Factors. . . . . . . . A-121
51.A Properties of Weld Groups . . . . .. ... A-122
52.A Spring Wire Diameters and Sheet Metal

Gauges . . ... A-123
52.B Journal Bearing Correlations . . ... .. A-124
54.A Mass Moments of Inertia . . . . . ... .. A-125
57.A Standard Epicyclic Gear Train Ratios A-126

61.A Percentile Values of Student’s
t-Distribution . . . . ... . ... .. .. A-127
61.B Single Sampling Plan Table for Various

Producer’s and Consumer’s Risks . . . . A-128
61.C Cumulative Probability Chart . . . . . . . A-129
62.A Thermoelectric Constants for

Thermocouples . . . . ... ... .... A-130
65.A Typical Equivalent Lengths of Valves and

Fittings for Fire Protection Systems . . A-131
65.B Sprinkler System Worksheet . . . . . . .. A-132
67.A Polyphase Motor Classifications and

Characteristics . . . ... ... ..... A-133
67.B DC and Single-Phase Motor

Classifications and Characteristics A-134
68.A Noise Reduction and Absorption

Coefficients . . .. ... ... .. .... A-135
68.B Transmission Loss Through Common

Materials . . . . . .. ... ... ... A-136
69.A Standard Cash Flow Factors . . . . . . .. A-137
69.B Factor Tables . . ... ... ........ A-138

PROFESSIONAL PUBLICATIONS, INC.



http://ppi2pass.com/ppi/PPIShop?pr=MERM12&ct=MECHANICAL&idx=0



