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preventative, 29, 54
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Additional resources, 37
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282
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244-246, 255-258
attributes, 180, 258
concentration, 41, 43, 57,209-212,
216217
efficiency, 21-23, 207-208, 245, 255-257
flow, 41, 139
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concentration, 284-286, 288, 290
production, 284-286, 288-289, 312
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Commodity chemicals, 16
Compressibility, 65-66, 100, 103-105, 113,
123, 130, 140, 146, 236-237,

242-243
Compression, 98-101, 103, 108-109, 111,
114, 123, 127-128, 132-133, 136,
142-143, 145-146, 298-299, 301,
303, 312-313
adiabatic, 100, 146, 301, 313
calculating, 98
capacity, 111
exponent, 100-101, 108-109, 111, 114,
123, 127128, 132-133, 142-143,
145-146, 301, 303, 313
head, 99
isentropic, 99
isothermal, 99
path, 99
polytropic, 99-101, 108, 123-133, 136,
145, 303, 312
calculating, 100-101
exponent, 100-101, 108, 123, 132—
133,145
ratio, 100, 103, 108, 114, 123,
127,132, 143, 145-146,
299, 301, 303,
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Compressor, 93-95, 98-104, 107-118,
123-133, 136145, 233,
298-300, 302,
304
capacity, 117, 125,299
centrifugal, 98-99, 101, 110-112
constant, 299
curve, 95,112, 117,299
cycle, 107, 111
head, 102
horsepower
calculating, 101, 136
requirements, 104, 107, 126, 128,
136-138, 143-145
output, 131
performance, 109-110, 114-115
positive displacement, calculations for,
107-109, 111
reciprocating, 101, 112,299
shutdowns, 132, 140, 143-144
volumetric efficiency of, 103-105,
107-108, 123-124
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179,201
Converting to mass units, 61, 65, 67

Daily monitoring system, 2, 15-17, 23, 39,
71, 84, 128, 166, 168, 306
finding problems using, 16-17
following mechanical equipment using,
23
steps to implementing an effective, 23
Data. See also Databases
conflicting, 229
verification, 219-221, 223, 227
human, 229
technical resources for, 220, 221, 223
Databases, 13, 16, 261
component, 261
historical, 16
Delta data graphs, 16-17, 23
Design of experiments, 259
Diffusion drying, 169, 172, 175
Dimensional analysis, 61
Distillation column, 265, 270
Downcomer, 148-152, 155
Driving force, 168-170, 172, 175, 181,
195-196, 287, 312

Efficiency, 94, 96, 98, 100-101, 103-105,
107-110, 114, 116-117, 123-124,
131, 133-140, 142-143, 145,
153,207-208, 243-245, 249,
255-257,279, 300, 303,
306, 312
hydraulic, 96, 98
polytropic, 101, 114, 116, 123-124, 136,
140, 142-143
steam turbine, 110, 133-135, 137-138
volumetric, 103-105, 107-108,
123-124, 145
factors determining, 104
for a positive displacement
compressor, 107-108
Ejectors, 293
Encircling line, 64, 68
Enthalpy, 69-70, 109-110, 133-137, 145,
158, 310
Entropy, 99, 109-110, 133-135
Entropy, constant, 99, 109-110, 133-134
Equal molal overflow, 162, 271



Equilibrium, 60, 77-82, 147, 167, 169-170,

173, 175-176, 181, 190-191,
194-196, 212, 261-267, 271,
273-275,279
Equilibrium constant, 79, 81, 263-267,
271,279
Equilibrium limited, 77-78
Equipment design, 60, 80-81
Estimating condensation point, 269,
277278

Feet of head, 96
First out indicators, 138-142, 144
Flash calculations, 261
Flooding, 149-150, 154, 160, 163, 165—
166, 282
Flory-Huggins relationship, 274
Flow, 3, 5,7, 18, 27,29, 94-98, 101-116,
118-121, 123-126, 128-132, 136,
139, 141-143, 145, 149-150, 152,
154, 158-159, 161-162, 167-168,
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215,217, 220-225, 227-228,
230, 233-238, 243,272,277,
280, 282, 284-285, 287-293,
295-296, 298-301, 304-305,
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curve, 111, 118
instruments, 200, 282, 312
measurement, 222, 225, 289
measuring devices, 224, 312
meter, 29, 63-65, 85, 111, 124-126,
132, 158, 161, 202, 206, 220-221,
223-224,228,234-238, 243,
287, 289-290,
298-299
path, 87, 94-95, 102, 170, 224, 227
volumetric, 76, 104, 109-110, 124, 199,
238, 305, 312
Fluid flow, 60, 72-73, 77, 96, 104,
168, 215
Fouling, 8, 154, 171, 181, 183-186, 246,
253-254, 257
Fractionation, 147-150, 153-154, 158—
159, 163, 165, 225, 243-244, 261,
265-266, 270-272, 279-280,
307, 309-310
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process, 265, 307

simulation programs for, 262-263, 265,
270-271

using sieve trays, 147

Gas chromatograph (GC), 158
Geiger counter, 223

Head, 1, 94-102, 104-108, 110-111,
114-115, 118-120, 123, 126,
129, 136, 142-143, 145, 149,
154, 156, 163-164, 238,
300-301, 304, 306, 312
calculations, 107
vs. capacity curve, 94-98, 118
compression, 99
curve, 7, 94-98, 118, 301, 306
deviation, 306
polytropic, 114-115, 123, 126,
136, 142-143, 145,
300-301, 304
Heat
duty, 183, 254
exchangers, 81, 230, 233, 298
generation, 42, 45, 56, 98, 203
ratios, 130, 300, 305
removal equation, 42-43, 45-46
transfer coefficient, 44, 46, 57, 157,
167-169, 171, 181, 183, 195-196,
199, 203-204, 217, 233, 246,
253-255, 257,307
Heat content, 68-69, 71, 207, 308, 310
Heat of polymerization, 40, 43, 57, 71
Henry’s Law, 176
Henshaw, Terry L., 106
Horsepower ,94-98, 101, 103-104,
107-108, 112, 114-115, 124,
126, 128, 131, 136138,
142-145, 304
hydraulic, 97
load, 103, 108, 124, 126, 128, 136, 138,
143-145
requirements, 96, 101, 107-108, 112,
126, 304
Horsepower, vs. suction pressure load,
108
Hot tap, 291-292, 294-295, 297
Hydraulic gradient, 149
Hydrogen bonding, 265
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Hypotheses, 42-43, 47, 49-50, 55, 59,
83-88, 90, 93, 116, 118, 120-121,
125, 131-133, 138, 140-142, 144,
151-152, 160, 167, 170, 174,
188-190, 192, 198, 231-233,
235-236, 238, 250-251,

281-282, 286287, 289,
293-295, 300, 302-304,
306, 310

confirmed with plant tests, 24, 28-29,
37,241, 247-250

developing, 151

directionally correct, 24, 35-36

and key questions, 84-85

possible, 42, 88, 120-121, 125, 131, 138,
140, 144, 174, 188, 303

Impeller, 93-96, 98, 112, 298-303
Instrument, 19, 25, 41, 85, 110-113,
116-117,121, 125, 131-132,
141-142, 144, 157-158, 160,
173,175, 182, 185, 189,
200-202, 209, 219-221,
223-224,226-238, 242-243,
250, 254,269, 282, 286, 288,
290-291, 294, 302, 309, 312
display element in, 220-223
orifice flow, 220-223
primary device, 226
primary element in, 220-221, 223
verification, steps in, 220-225, 227
Instrumentation, 25, 29, 152-153,
156-157, 174, 219-224, 226,
228-229,232,234,237,
242,254, 288,
300, 307
data, validating, 223
sources of errors in primary elements,
221-222
Ton exchange bed, 284-287, 289-290,
312-313
Isentropic expansion, 109-110, 133-135

Joule Thompson cooling effect, 109

Kinetic constant, 210, 245

Kinetic relationships, 285

Kinetics, 60, 84,210, 215
first order, 210, 215

Leakage, 3, 103, 105, 107-109, 115-116,
118, 121, 123-126, 131-132, 141,
145, 160, 175, 185, 189, 202,
209, 231, 236, 286-287,
294, 302-306, 309
discharge, calculating, 108-109
factor, 123-124
internal, 115-116, 118, 121, 125, 132,
141, 303-304
Level, 5, 8, 43, 51-53, 62-65, 78, 85, 87-92,
149-151, 154, 156-157, 164, 173—
174,177,179, 193, 198-199, 201,
206,210, 213, 215-216, 219-221,
223-224,227-230, 232-234,238-
239,243, 252-255,257-258, 267,
273-274,283-286,288-292, 297
absolute, 227, 258, 289-290
measurement, 223, 227
saturation, 267
Light key, 271-273, 279-280
Loss, 7, 34, 41-43, 60, 63, 72-75, 77, 86,
90, 94, 96, 99, 103, 105-106, 110-
112,117, 124-126, 128-129, 135-
136, 145, 150-151, 154, 156, 159,
179, 207-208, 234, 244, 249, 257,
293,302, 305
acceleration, 106, 129
frictional, 72-73, 75, 94, 105, 110,
128-129, 145
Lower explosive limit (LEL),191-193,195
Lumped parameter constant, 168-172,
195, 199, 204, 287, 312

Malaria, 87-88
Mean time between failures, 48, 52-53
Model, 7, 168-169, 171, 181, 198-199, 201,
210-211, 215
dynamic, 7, 198-199
fast response, 199, 201, 210-211, 215
Mollier diagram, 99

Net positive suction head, 96-98,
104-106, 111-112, 119

Optimum technical depth, 2, 16, 30-33,
126,179, 198

Partial pressure, 79, 195, 267, 269, 274,
276-277, 280, 282



Phase rule, 226, 228, 232, 234, 263
classical chemistry, 226
Pitot tube, 224
Plant test, 289-290, 300, 306
Pocket, 103-104, 107-108, 123-124, 145
clearance, 103104, 108, 123, 145
compressor unloading, 124
rotating, 103, 107-108
Polymer, 78-80, 84-86, 90-91, 169-170,
173-181, 187-196, 199, 208, 214,
234-237, 246, 250-252, 263,
273-275, 279-280
morphology, 181
particles, 170, 175, 193
and solvent calculations, 263, 273-275
Polymerization, 10-11,14,40-41,43-44.57,
71,84,106,174,187,192,199,
207-208,210,215,217,250-251
kinetics, 210
operations, 251
process, 84, 251
reaction, 40, 199, 208, 210, 215
Pressure drop, 60, 73-77, 90, 105,
116-122, 128-129, 140, 150,
154-157, 221-222, 243-244,
246, 289, 292-293, 295-296,
305, 310-311, 313
Pressure measurement, 111, 223, 293
Pretest calculations, 242, 244, 257-258
Primary element error, 221
Prime movers, 88, 93-94, 100-102,
and Bernoulli’s theory, 93-94
Problem(s). See also Problem solving
intuitive or instinctive reactionary
approach, 1-3, 5, 39, 55, 143, 145,
198, 254
limitations, 9-12
lumped parameter, 21, 167-172,
177-178, 199, 204, 287
methodical, components, 2
mind modes, 1
operator role, 9, 36-37, 71, 85, 88-90,
115, 151, 153, 163-164, 165, 167,
181, 197-198, 207, 229, 233-234,
238,244, 248, 255-256, 258,
283, 300
quantitative, 8, 118, 215-216, 243
statistical, 19, 21-22, 35-36, 52
structured, 26, 55
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systematic, 2, 34, 6
specification template, 26
verification, 25, 37, 48, 55, 113, 124,
159,201, 208
Problem solver, defined, 15
Problem solving
“black box,” 171
disciplined learned
defined, 24
application, 40, 48, 55
psychological advantage, 54
steps, 24
effective, 9, 89
engineering, 9-12, 157
examples
baled elastomers, 55
boiling point, 268, 275-278
chloride removal unit, 282
coffee maker, 4-6
compressor (C-5A), 129-131
compressor (C-100L), 112-114, 117
copolymer production, 234
cut extension cord, 24
ethylene refrigeration, 230, 298
fractionation, 158-159
high vacuum system, 291
hopper car fires, 187,192, 195
loss of reaction, 207-208
multiple engineering disciplines, 47
Panama Canal, 87-88
polymerization reactor, 40, 174
reboiler circuits, 153
reciprocating compressor (C-100A),
123-124, 126
rotary filter screen tears, 47-48
steam desuperheater, 25, 37
synthetic rubber stabilizer, 250
temperature runaway in batch
reactor, 200-201, 204
vapor-liquid equilibrium, 78, 82
voids in plastic pellets, 10-14
volatility of water dissolved in
propane, 265, 279
Process
chemistry, 90
kinetically limited, 84, 89, 167-168,
170-171
upsets, transient, 23, 97, 199-200,
207-209, 213-215
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Product liability, 31
Pump, 2-3, 41-42, 93-98, 101-107, 109,
111-112, 118-122, 128-129,
145-146, 154, 161, 238, 242
calculations, 96-97, 104-105, 122
centrifugal, 93-97, 104, 106, 111-112,
118
curve, 96-97, 112, 118, 120-122, 238
displacement, 96, 104-106, 112
double action, 102, 104-105, 128
hydraulic horsepower, 97
positive displacement, 96, 112
reciprocating, 93, 101-107, 112,
128-129, 145, 146
determining NPSHA, 105-106
volumetric flow rate estimates, 104
rotary, 101, 103, 105
single action, 104
temperature change, 98

Rate(s), 11,27, 40-41, 59-60, 63, 65, 72,
85-86, 90, 111-112, 114, 116-118,
120-122, 141, 143-144, 150, 152,
158-160, 162-163, 165-166, 172,
177-180, 188, 192-195, 205, 244,
247,252-258,270-271, 282,
284-288, 295, 310

mass rate, 59
mol rate, 59
volume rate, 59

Rate limitation, 77, 80-81

Ratio, reflux, 270

Reaction, 60, 62-63, 68-71, 77-78, 80-81,
84-86, 89-90, 116, 121, 125, 132,
141, 152, 160, 167, 169, 175,
185-186, 189, 195, 198-210,
212-217,225,231, 236,

245-246, 253, 255-256,
258, 283-284, 286288,
292,294,302, 309, 312
exothermic, 40, 60, 68, 71, 86,
200-201, 246
kinetics, 17-18, 60
loss of, 207-208
rate of, 40, 46, 60, 80-81, 199, 203, 217

Reboiler, 153-159, 161-163, 165,
225,282,307

Reed, Walter, 87

Reference temperature, 69-71

Response, 165, 198-199, 201, 210-211, 215
fast, 199, 201, 210-211, 215
slow, 199, 215

Rutherford, Ernest, 87

Safety, 29, 31, 45, 90, 121-122, 130, 137,
139, 151, 190, 200201, 205, 224,
245-246, 248-249, 255-256, 258

factor, 45, 121-122, 130, 205
release systems, 245

Scheel, Lyman F., 99

Seymour, Raymond B., 274

Solubility parameter, 275, 280

Sonic velocity, 75, 304-305

Specification sheets, 168, 236, 242-243,
288

Stability, 90, 94-95, 149-151, 153, 156—
157,160-161, 163-164, 247, 259

chemical compound, 247
limit, 90, 94-95, 259

Stabilization, 251

Stabilizer, 250-252

Startup, 22, 27, 30, 138, 144, 152,
197-198, 233, 243, 284,

286, 290, 292-294, 297,
299-300, 306, 311

Steam, 24-25, 27, 37,70, 75, 96, 109-110,
112, 115-116, 118, 129-138, 145,
155-157, 163, 222, 225, 233, 282,
291-297, 304, 306, 312

pressure, 110, 130-132, 135-138,
156-157,292-293,297
turbine efficiency, 110, 133-135,

137-138

Steam condensate, 155-156

Stegomyia (mosquito), 87

Super Bowl (1972), 36

Technologies, 60, 84, 87
equipment, 84, 87
process, 60, 84, 87
Temperature
absolute, 43-44, 57, 62, 65, 100, 143,
170, 183, 196
ambient, 46, 50-51, 62, 193,222, 231,
250
control, 40-43, 86
driving force, 157
measurement, 184, 226



runaway, 40-42, 45-46, 200-203,
205-206, 255
Texas Rangers, 89
Thermal gravimetric analyzer (TGA), 180
Thermocouples, 182, 184-186, 223, 226,
230-232, 234
Thermodynamic equation, 99
Thermosiphon, 154-155
Thermowell, 226, 231-234
“thinking outside the box,” 29
Time/cost relationship, 34
Tower, 147, 150-154, 156-166, 171, 225,
243-244,270-273, 279-280,
282-283,307-311, 313
absorption, 147
binary, 273
extraction, 147
fractionation, 147, 158, 307, 309
vacuum, 151, 154
Tray, 147-155, 158-161, 163-166, 243-244,
246,253, 270-273, 280, 282, 310
design, 147-148, 153
efficiency, 153, 243-244, 270
flooding, 154, 244
fractionating, 148-150
leakage, 160
loading, 163-166
sieve, 147-149, 151-152
slope, 151
stability diagram, 149-151, 153, 160,
163-164
Tri-ethylene glycol (TEG), 282-287
Trigger points, 19, 21-23, 168, 242,
245-246, 255-257
criterion for, 22-23
negative, 23
pretesting, 242, 245-246, 255-257
setting, 21-23
suggested variables for, 23-24
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Tube metal temperatures, 182-186, 226
Turbine, 96, 109-110, 112, 115-116,
118, 129-138, 145,
304, 306
capacity, 136
efficiency, 109-110, 133-138, 145
steam, 96, 109-110, 112, 115-116,
118, 129-135, 137-138,
304, 306

Unsteady states, 197-200

Vacuum, 73, 151, 154, 277, 282-283,
291-293, 298-299
Valves, 99, 101, 103-105, 107, 111-112,
125-128, 139, 141, 152,
230, 255,299
check 103-105, 107, 112
kickback, 299
ribbon, 99, 107, 111
Vapor-liquid equilibrium, 78, 82,
147,263,271
Vapor pressure, 79, 81, 96, 98, 118-119,
122,128,173, 190, 196,
263-264, 266-269,
274, 276-280
Venturi meter, 223, 286-287, 289, 291,
310-312
calculations, 289
Volatility, 84, 157, 265-266, 271-274,
279-280, 308

Weeping/dumping, 150-151
X-rays, 147, 153, 155, 164
Yellow fever, 87

Zero point, 220, 228-229, 233, 238





