
\ 

INDEX 

A 

Accounting, cost, 306-365
 
Acid eggs, 70
 
Administration cost (table), 352
 
Agitator dryers, 284
 
Air, heating with, 132
 

table, 135
 
humidity control in, 129
 
purification of, 129
 
recommended changes in (table),
 

130
 
requirements, 129
 
temperature control in, 129
 

Air lifts, 70
 
Air separation equipment, 254
 
Annual costs, 359
 
Apron conveyors, cost of (table),
 

322
 
Arm mixers, 269
 
Assembly drawings, 6
 

problem in design of, 414
 
Atmospheric cabinet dryers, 283
 
Attrition mills, 243
 

cost of, 327
 
Automatic continuous cabinet con.
 

veyors, 283
 

B 

Balance, material, 200--201
 
Ball mills, 244
 

cost of, 326
 
Barometric legs, 70
 
Barrels, cost of, 339
 
Basins, settling, 254
 
Batch crystallizers, 280
 
Bearing load of soils, 13, 15
 

determination of, 16
 
safe values (table), 15
 

Bearings, 150
 
selection of, 151
 

Belt conveyors, 235
 
cost and performance of (table),
 

322
 
lielting, 154
 

diameter-revolution-velocity dis-

gram, 156
 

electrical charge on, 156
 
horsepower transmitted by, 157
 
transmission of power by (table),
 

157
 
requirements, 155
 
V-belts and sheaves, 158
 

Bends, pipe, 42
 
cost of (table), 344
 

Bibliographic references, costs, full,
 
361-363
 

equipment, 364-365
 
development, 184-185
 
equipment, 288
 
fixed charges, 361-363
 
flow diagrams, 212-213
 
marketing and distribution, 183

184
 
materials of construction, 287-288
 
patents, 186-187
 
plant layouts, 304-305
 
plant location, 382-383
 
safety, 18&-186
 
sanitation, 383-385
 
wastes, industrial, 383--385
 

Blow cases, 70
 
Blower heating (table), 138
 
Board, conference, 176
 
Boiler capacities for steam e'hgines,
 

142
 
Boiler plant, cost of (table), 340
 
Bucket elevators, 238
 

cost and performance of (table),
 
323
 

435
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Budgets, and production, 30~310
 

chart, 309
 
and variable production, 309
 

Buhrstone mills, 243
 
Buildings, 94-140
 

cost of (table), 314, 315
 
design of standard 107
 
equipment, selecti~n of, 111
 
fire protection for, 111
 

piping and hose for, 118
 
flat-roof, 96
 
flooring for, 99
 

materials of, 100
 
properties of various (table),
 

102-103
 
hazards in, 173
 
heating of, 136
 

table, 137
 
illumination of 119
 
industrial, 94, 95
 
materials of construction for 99
 
multi-story, 94 95 '
 
pitch-roof, 96 '
 
in plant layout, 295
 
roofs for, 104
 

loads on, 106
 
wind and snow (table) 107
 

safety in, 107 '
 
weight of different surfaces for
 

(table), 107
 
sawtooth, 96
 
s~lection of equipment for, 111
 
smgle-story, 94, 95
 
as a technical factor in design
 

166 '
 
types, 108, 110
 
walls and framework for 101
 

materials for, 101, 104
 
C 

Cabinet driers, 283
 
Cage mills, 245
 
Capacities of equipment (tables),
 

321-326
 
centrifugals, batch (table)' 265
 

continuous (table), 264 '
 
conveyors, apron (table), 322
 

Capacities of equipment, conveyors 
belt (table), 322 '
 

screw (table), 323
 
suction (table), 323
 

crushers, cone (table) 325
 
crushing rolls (table),' 342
 
elevators, bucket (table), 323
 
extractors, centrifugal (table) 323
 
filters, plate and frame, 328 '
 

table, 329
 
pressure-leaf (table), 330
 
vacuum (tables), 331-332
 

heat transfer, 333-338
 
materials handling, 321-324
 
mechanical separation 328-333
 
mills, attrition, 327 '
 

ball, 326
 
hammer (table), 328
 
pebble (table), 325
 
rod (table), 326
 
tube, 325
 

mixers (table), 333
 
pipe, sewer (table), 29
 

water (table), 88
 
pipe line, 345
 
pumps, centrifugal water (table),
 

341
 
reciprocating (table), 341
 

s?reens, Hum-mer (table), 328
 
sIze-reduction (tables), 324-328
 
storage (tables), 338-339
 
water pipes (table), 338
 
water towers, 338
 

Capital costs, 352-353
 
Catal~gue, chemical engineering, 180
 
Centrifugal extractors (table) 265
 
Centrifugal pumps, 74-75 '
 

capacities and performance (ta
bles), 77, 341
 

Centrifugal roll mills, 245
 
Centrifugal separators, 263-266
 

continuous (table), 264
 
Centrifugals, batch, 264
 

capacity (table), 265
 
Centrifuges, 266
 
Chain conveyors 236
 
Chain drives, 158
 

INDEX 

Check diagrams, 176
 
graph 177
 

Check list, 171
 
Chemical engineer, definition of, 1
 
Chemical engineering, catalogue, 180
 

definition of, 1
 
equivalents, 394-395
 
plant layout and elevation, 28~
 

305
 
publications, 181
 

Chemical industry, hazards in, 173,
 

234
 
Chemical plants, location of, 36&-

385
 
Chemical process lines, problems in
 

design of, 412
 
Circuits, motor, 148
 
Classifiers, 255
 

cost of, 33
 
Climatic conditions, as factor in
 

plant location, 379
 
Cloth, filter, 263
 

screens, 252
 
Clutches, friction, 153
 
Codes, plumbing, 27,86
 

piping, American Institute of
 
Chemical Engineers (table),
 

49
 
Coefficients of heat transfer (table),
 

396
 
Coffee mills, 243
 
Collars, safety, 153
 
Colloid mills, 270
 
Column, pipe supports (table), 26
 
Compressors, steam-jet, 68
 

water-jet, 68
 
(joncentrators, 255
 
Concrete, proportioning of (table), 

boiler plant, 
25
 bucket eleva 

Condensers, 27()--277 building (tal 
coat of, 335
 excavatioI
data required for selection of, 278
 

flooring fa 
(jane crushers, 242
 table, a

capacity and performance of (ta
foundatiol 

ble), 325
 heating is
cost of (table), 325
 320


Conference board, 176
 

Construction in 
Continuous cent 

capacity and 
264
 

Continuous con 
Continuous c 
Contracts in P
 

175
 
Conversion tabl
 

temperature,
 
units, 394--395
 
volumes and
 

Conveyors, -23 
apron., capac' 

(table), 
coat of (ta 

belt, 235 
capacity 

ble),322 
coat of (ta 

chain,236 
pneumatic; 
roller, 236 
screw, 236 

capacity 
(table), 

coat of (t. 
suction, co; 

(table), 
coat of (ta 

Cooling towers, 
data req . 

Cost accoun' 
306--365 

Cost estimatio 
Costs, administ
 

annual,359
 
barrels, 339
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.factor in design, 
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' nveyorsbeIt (table), 322 '
 
Screw (table), 323
 
suction (table), 323
 

crush~rs, cone (table), 325
 
crushmg rolls (table), 342
 
elevators, bucket (table), 323
 
extractors, centrifugal (table), 323
 
mters, plate and frame 328
 

table, 329 ' 
pressure-leaf (table), 330
 
vacuum (tables), 331-332
 

heat transfer, 333-338
 
materials handling, 321-324
 

Check diagrams, 176
 
graph 177
 

Check list, 171
 
Chemical engineer, definition of, 1
 
Chemical engineering, catalogue, 180
 

definition of, 1
 
equivalents, 394-395
 
plant layout and elevation, 289


305
 
publications, 181
 

Chemical industry, hazards in, 173,
 
234
 

Chemical plants, location of, 366

385
 

Chemical process lines, problems in
 
design of, 412
 

Circuits, motor, 148
 
Classifiers, 255
 

cost of, 33
 
Climatic conditions, as factor in
 

plant location, 379
 
Cloth, mter, 263
 

screens, 252
 
Clutches, friction, 153
 
Codes, plumbing, 27, 86
 

piping, American Institute of
 
Chemical Engineers (table),
 
49
 

Coefficients of heat transfer (table),
 
396
 

.	 Coffee mills, 243
 
Collars, safety, 153
 
Colloid mills, 270
 
Column, pipe supports (table), 26
 
Compressors, steam-jet, 68
 

water-jet, 68
 
Concentrators, 255
 
Concrete, proportioning of (table),
 

25
 
Condensers, 271)-277
 

cost of, 335
 
data required for selection of, 278
 

Cone crushers, 242
 
capacity and performance of (ta


ble), 325
 
cost of (table), 325
 

Conference board, 176
 

ent (tables), 

(table), 265
 
e),264
 
table), 322
 

mills, attrition, 327
 
ball, 326
 
hammer (table), 328
 
pebble (table), 325
 
rod (table), 326
 
tube, 325
 

mixers (table) 333
 
pipe, sewer (t~ble), 29
 

water (table), 88
 
pipe line, 345
 

pumps, centrifugal water (table),
 
341
 

reciprocating (table), 341
 
s~reens, Hum-mer (table), 328
 
sIze-reduction (tables), 324-328
 
storage (tables), 338-339
 ,
water pipes (table), 338
 
water towers, 338 I
 

Capital costs, 352-353
 
Catal?gue, chemical engineering, 180
 
Centr~ugal extractors (table), 265
 
Centrifugal pumps, 74-75
 

capacities and performance (ta

bles), 77, 341
 

Centrifugal roll mills, 245
 
Centr~ugal separators, 263-266
 

con~llluoUS (table), 264
 
Centrifugals, batch, 264
 

capacity (table), 265
 
Centrifuges, 266
 
Chain conveyors 236
 
Chain drives, 158
 

Construction in design, 178
 
Continuous centrifugals, 264
 

capacity and performance (table),
 
264
 

Continuous conveyor dryers, 283
 
Continuous crystallizer, 280
 
Contracts in process development.
 

175
 
Conversion tables, energy, 391
 

temperature, 392-393
 
units, 394-395
 
volumes and weights, 390
 

Conveyors, 235-237
 
apron, capacity and performance
 

(table), 322
 
cost of (table), 322
 

beIt,235
 
capacity and performance (ta


ble), 322
 
cost of (table), 322
 

chain, 236
 
pneumatic, 237
 
roller, 236
 
screw, 236
 

capacity and performance of
 
(table), 323
 

cost of (table), 323
 
suction, capacity and performance
 

(table), 324
 
cost of (table), 323
 

Cooling towers, 277-278
 
data required for selection of, 278
 

Cost accounting, preconstruction,
 
306-365
 

Cost estimation, 306-307
 
Costs, administration (table), 352
 

annual, 359
 
barrels, 339
 
boiler plant, 340
 
bucket elevators (table), 323
 
building (table), 314, 315
 

excavation for, 314
 
flooring for, 314
 

table, 316
 
foundations for, 314
 
heating installations in (table),
 

320
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Costs, building, lighting equipment Costs, equipment, mixing, kettles
 
for (table), 321 (table), 333
 

roofs for, 315 size-reduction, 324-328
 
table, 319--320 crushers, cone (table), 325
 

walls for, 315 roll (table), 327
 
table, 317-318 mills, attrition, 327
 

capital, 352 ball, 326
 
chemical plant (table), 351 hammer (table), 328
 
depreciation, 353-359 pebble (table), 327
 

rates of, for equipment (table), rod (table)) 327
 
354-358 tube, 326
 

distribution (table), 351 whirlbeaters, 327
 
drying lumber (table), 337 erection (table), 346-347
 
drying granular solids (table), excavation, 314
 

338 fixed charges, references on, 361

electricity in each state, 312 363
 
economic, 171 flooring, 314
 
equipment, 321-346 table, 316
 

heat transfer, 333-338 foundations, 314
 
condensers (graph), 335 full costs, references on, 361-363
 
crystallizers, 335 heating installations (table), 320
 
distillation, 335--336 installations (table), 346
 
distillation columns (table), labor, 349
 

336 lighting equipment (table), 321
 
dryers, 336 maintenance (table), 349
 

table, 337 management, 350
 
evaporators (graph), 334 table, 351
 
fractionating columns, 335 marketing (table), 350-351 .::0
 

kettles (table), 333 materials, raw, 311
 
materials-handling, 321-324 operation for lighting, 123
 

conveyors, 322-324 pipe fabrication (table), 344
 
apron (table), 322 pipe lines, 342, 346
 
belt (table), 322 piping, graph, 345
 
screw (table), 323 table, 342
 

suction (table), 323 power (table), 347, 348
 
elevators, bucket (table), 323 preconstruction, example, 425--433
 

platform, 324 table, 359--361
 
wagon unloaders, 324 process costs, references on, 364

mechanical separation, 328-333 365
 
classifiers, 333 production (table), 350-351
 
dewaterers, 332 pumping (graph), 343
 
extractors (table), 332 pumps (table), 341
 
filters, 328-332 raw materials, 311
 

tables, 329--331 references on, 361-365
 
screens (table), 328 refrigeration, 320
 
thickeners, 333 repairs (table), 350
 

mixing, plain and jacketed roofs (table), 318-319
 
(table), 333 selling (table), 351-352
 

:; 

INDEX 

Data sheets, forCosts, steam plant (table), 340
 
ment,253supplies, 349
 

for water treatili tanks, 338
 
Decantion and set vats, 338
 
Depreciation, 353walls, 315
 

table, 354-358
 table, 317-318
 
Design, basis for, • Countershaft units, 153
 

of commercial ilCouplings, 152
 
conference boartCrushers, capacity and performance 
check list, 171
of (table), 324-325
 
drainage, rules ( cone, 242
 
factors of, 165
cost of (table), 325
 
feasibility, 162
gyratory, 242
 

table, 163
jaw, 242
 
of foundations, : roll, 242
 
of illumination, capacity and performance (ta
organization of ble), 327
 
of pilot plant, 4Jcost of (table), 327
 
piping, 46
Crushing equipment, 240
 
problems in, 401
rolls, 242
 
projects in, 417selection of, 240-242
 
pumping, 80
Crystallization, 278-281
 
reports, 423
Crystallizers, 278-281
 
special equipme batch,280 
standard buildiJcontinuous, 280
 
standard equip! vacuum, 281
 
wheel chart, 16
Crystallizing evaporators, 279
 

Detail drawings, tCycloidal pumps, 79
 
Development of 1J 

cooperation in,D 
economic consi( 
the laboratory ; Data, laboratory, 197
 
legal phases in,semi-works, 197
 
outline of, 1621Data sheets, for air-separation equip-
references on, ] ment, 256
 
safety consider:for belt conveyor, 238
 
technical factol for classifier, 256
 

Dewaterers, cost for condenser, 278
 
Diagrams, 188-2:for cooling plant, 279
 

check,176for drier, 286
 
" graph,177 for dust collection, 249
 

equipment flovfor evaporator, 276
 
pictorial, 196
for filter, 260, 261, 262
 

references OJfor heat exchanger, 278
 
qualitative flo'for milling equipment, 247
 
quantitative II
for mixer, 271
 
sketches, 4
 for pump, 76
 
as technical fafor rope drive, 160
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321 

6 

.WAL ENGINEERING PLANT DESIGN 

Co ts 

.333-888
 
graph),335
 
335
 

335-336
 
columns (table), 

(graph), 334
 
colUlllns, 335
 
),333
 
. g,321-324
 

324
 
e),322
 
,322
 
e),323
 
),323
 
ket (table), 323
 

and jacketed 

,
 

s , equipment, mixing,
 
(table), 333
 

size-reduction, 324-328
 
crushers, cone (table), 325
 

roll (table), 327
 
mills, attrition, 327
 

ball, 326
 
hammer (table), 328
 
pebble (table), 327
 
rod (table») 327
 
tube, 326
 
whirlbeaters 327
 

erection (table), 346-347
 
excavation, 314
 
fixed charges, references on 361

363 '
 
flooring, 314
 

table, 316
 
foundations, 314
 
full ~ost~, references on, 361-363
 
~eatrng ~stallations (table), 320
 
Installations (table), 346
 
labor, 349
 

lig~ting equipment (table), 321
 
mamtenance (table), 349
 
management, 350
 

table, 351
 
marketing (table), 350--351
 
materials, raw, 311
 
o~eration for lighting, 123
 
pipe fabrication (table) 344
 
pipe lines, 342, 346 '
 
piping, graph, 345
 

table, 342
 
power (table), 347, 348
 
preconstruction, example, 425--433
 

table, 359-361
 
process costs, references on 364

365 '
 
production (table) 350--351
 
pumping (graph),. 343
 
pumps (table), 341
 
raw materials, 311
 
references on, 361-365
 
refrigeration, 320
 
repairs (table), 350
 

. roofs (table), 318-319
 
selling (table), 351-352
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Costs, steam plant (table), 340
 
supplies, 349
 
tanks, 338
 
vats, 338
 
walls, 315
 

table, 317-318
 
Countershaft units, 153
 
Couplings, 152
 
Crushers, capacity and performance
 

of (table), 324-325
 
cone, 242
 

cost of (table), 325
 
gyratory, 242
 
jaw, 242
 
roll,242
 

capacity and performance (ta

ble),327
 

cost of (table), 327
 
Crushing equipment, 240
 

rolls, 242
 
selection of, 240--242
 

Crystallization, 278-281
 
Crystallizers, 278-281
 

batch,280
 
continuous, 280
 
vacuum, 281
 

Crystallizing evaporators, 279
 
Cycloidal pumps, 79
 

I
D 

! 
Data, laboratory, 197
 

semi-works, 197
 
Data sheets, for air-separation equip

ment, 256
 
for beIt conveyor, 238
 
for classifier, 256
 
for condenser, 278
 
for cooling plant, 279
 
for drier, 286
 
for dust collection, 249
 
for evaporator, 276
 
for filter, 260, 261, 262
 
for heat exchanger, 278
 
for milling equipment, 247
 
for mixer, 271
 
for pump, 76
 
for rope drive, 160
 

Data sheets, for screening equip

ment, 253
 

for water treatment, 83
 
Decantion and settling, 263
 
Depreciation, 353-358
 

table, 354-358
 
Design, basis for, 4
 

of commercial unit, 423
 
conference board on, 176
 
check list, 171
 
drainage, rules of, 34, 35
 
factors of, 165
 
feasibility, 162
 

table, 163
 
of foundations, 24
 
of illumination, 123
 
organization of (chart), 177
 
of pilot plant, 422
 
piping, 46
 
problems in, 409-416
 
projects in, 417-419
 
pumping, 80
 
reports, 423
 
special equipment, 214-215
 
standard buildings, 107
 
standard equipment, 214
 
wheel chart, 165
 

Detail drawings, 8
 
Development of projects, 162-186
 

cooperation in, 170
 
economic considerations in, 171
 
the laboratory in, 174
 
legal phases in, 174
 
outline of, 162-163
 
references on, 183-184
 
safety considerations in, 172
 
technical factors in, 164, 167
 

Dewaterers, cost of, 332
 
Diagrams, 188-213
 

check, 176
 
graph,l77
 

equipment flow, 188, 199
 
pictorial, 196
 

references on, 212-213
 
qualitative flow, 188, 189, 195
 
quantitative flow, 194
 
sketches, 4
 
as technical factor, 164
 



i

440 CHEMICAL ENGINEERING PLANT DESIGN 

Diaphragm pumps, 74
 
valves, 45
 

Dimensioning, 12
 
Direct-fired evaporators, 274
 
Disk filters, vacuum, 259
 
Disposal, waste, factor' in plant
 

location, 377
 
references on, 383-385
 
safety considerations in, 174,378
 

Distillation equipment, cost of, 335,
 
336
 

Distribution, ,references on, 183-184
 
Distribution costs (table), 351
 
Drag-line scrapers, 237
 
Drainage, 27-36
 

assembly plan of, 35
 
efHuents for, 27
 
elements of design of, 34
 
fittings for, 31
 
problem in design of, 410--411
 
sanitary, 33
 
symbols for, 35
 
systems, testing of, 34
 
tile, 28
 

Draining, 257
 
Drains, capacity of, 28
 

table, 29
 
cleaning of, 30
 
floor, 31
 
under processing equipment, 33
 

Drawings, 5
 
assembly, 6, 7
 

plan of, 7
 
detail, 8
 
pipe, 46
 
working, 5
 

Drives, chain, 158
 
for pumps, 81
 
rope, 157
 

data sheet for, 160
 
Drum filters, exterior, 259
 

internal vacuum, 259
 
Dryers, agitator, 284
 

atmospheric cabinet, 283
 
automatic continuous, 283
 
capacity of (table), 285
 
chamber, vacuum, 283
 
classification of, 282
 

Dryers, cost of, 336
 
graph, 336
 

data sheet for, 286
 
drum, 284
 

Dryers, rotary, 284, 338
 
spray, 287
 
vacuum, 283
 

Drying, 281-287
 
cost of, granular solids
 

338
 
lumber (table), 337
 

E 

(table), 

Economics, as a factor in develop
ment, 171
 

in pipe selection, 91
 
in plant location, 377
 

table, 378
 
Edge runners, 243
 
EfHuents, 27
 
Ejectors, steam-jet siphons, 69
 
Electric charge on belting, 156
 
Electric equipment, cost of (ta ble),
 

321
 
Electric motors, 143
 

application of, 145
 
chart, 144-145
 

erection cost of (table), 348
 
Electric power, 142
 

cost of (table), 348
 
in each state (table), 312
 

Electrical symbols, 122
 
Electrostatic separation, 252
 
Elevation and layout, 28!t--305
 

sketches of, 296--303 
Elevators, bucket, 238, 239
 

cost of (table), 323
 
portable platform, cost of, 324
 

Elutriators, 255
 
Emergency lighting, 121
 
Energy, interconversion table, 391
 
Engines, steam, capacities of (table),
 

142
 
Enthalpy diagram, 62
 
Equipment, assembly, problems in
 

design of, 414
 
building, selection of, 111
 
classification of, 190--193
 

INDEX 

Equipment, costs of, 321-346
 
depreciation rates on (table),
 

354-358
 
diagrams, 188
 
evaporation, 273-276
 
foundations for, problems in de

sign of, 40HI0
 
layout of, 293
 
lighting of, 121
 
materials-handling, 232-239
 
mechanical separation, 248--266
 
milling, 23!t--248
 
mixing, 268--271
 
process, 214-288
 

hazards in, 234
 
safety considerations in, 172
 

references on, 288
 
selection of, 214-288
 

of types for service, 219
 
shelter for, 97
 
size-reduction, 23!t--248
 
sketching of, 6, 414
 
special, 214
 
standard, 214
 
study of types, 219
 
as a technical factor, 164
 

Equivalents, chemical engineering, 
394-395
 

energy (table), 391
 
metric (table), 387-388
 
temperature (table), 392-393
 
volumes and weights (table), 390
 
water (table), 399
 

Erection costs, of equipment (table),
 
346
 

of motors (table), 347
 
Evaporation, 272-276
 
Evaporators, 273-276
 

classification of, 273
 
cost of, 334
 

graph, 335
 
crystallizing, 279
 
data sheet on, 276
 

.direct-fired, 274
 
horizontal-tube, 274
 
inclined-tube, 275
 
operation of, 273
 
speoial-tube, 275
 

Evapomtors, verti<
 
Excavations, 17
 

cost of, 314
 
Exchangers, heat, ':
 
Exhausters, steam


water-jet, 68
 
Expansion of plant
 
Expansion of pipes
 

43
 
Expansion bends, ~
 

Expansion jointa, ~
 

Experience, person
 
Expositions, 182
 
Extractors, centrif
 

ble),332 

F 

Factorieo, heating
 
136
 

Factors, of design 
in planning layo 
in plant locatiO! 

wheel chart 
economics inll 

Factory costa (ta:1i 
Feasibility of desij 
Ferrous sulfate, 

197-213,417

cost data on, 311
 

Filters, 25!t--260
 
capacity of (tab
 
cloths, 263
 
cost of (table),·:
 
drum, exterior,
 

internal vacuo
 
presses, 260
 

performance
 
330
 

pressure-leaf, 2l 
performance 

vacuum continI 
performance 

Filtration, 258-2fJ
 
gravity, 258
 
vacuum, 258-21
 

Fire extinguishen 
characteristics ., 
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mps,74 Dryers, cost of, 336
 
graph,336


12
 data sheet for, 286
 
"porators, 274 drum,284 '
 
cuum, 259
 Dryers, rotary, 284, 338
 
te, factor' in plant
 spray, 287
 
,377 vacuum, 283
 
on, 383-385
 Drying, 281-287
 
dderationsin,174,378
 cost of, granular solids (table),
ilipment, cost of, 335,
 338
 

lumber (table), 337
 
eferences on, 183-184
 
lilts (table), 351 E
 
Iers,237
 Economics, as a factor in developi6 ment,l71mof, 35
 in pipe selection, 91
 
:27 in plant location, 377
 
lesign of, 34
 table, 378
 
11
 Edge runners, 243
 fesign of, 410---411 Effluents, 27
 

Ejectors, steam-jet siphons 69
 
Electric charge on belting, 156
 
Electric equipment, cost of (table)
 

321 '
 
Electric motors, 143
 

application of, 145
 
chart, 144-145
 

erection cost of (table), 348
 
Electric power, 142
 

cost of (table), 348
 
in each state (table), 312
 

Electrical symbols, 122
 
Electrostatic separation, 252
 
Elevation and layout, 289-305
 

,sketches of, 296---303
 
Elevators, bucket, 238, 239
 

cost of (table), 323
 
po~able platform, cost of, 324
 

ElutrIators, 255
 
Emergency lighting, 121
 
Energy, interconversion table 391
 
Engines, steam, 'capacities of (table)
 

142 '
 
Enthalpy diagram, 62
 
Equipment, assembly, problems in
 

design of, 414
 
building, selection of, 111
 
classification of, 190--193
 

Equipment, costs of, 321-346
 
depreciation rates on (table),
 

354-358
 
diagrams, 188
 
evaporation, 273-276
 
foundations for, problems in de

sign of, 409-410
 
layout of, 293
 
lighting of, 121
 
materials-handling, 232-239
 
mechanical separation, 248-266
 
milling, 239-248
 
mixing, 268-271
 
process, 214-288
 

hazards in, 234
 
safety considerations in, 172
 

references on, 288
 
selection of, 214-288
 

of types for service, 219
 
shelter for, 97
 
size-reduction, 239-248
 
sketching of, 6, 414
 
special, 214
 
standard, 214
 
study of types, 219
 
as a technical factor, 164
 

Equivalents, chemical engineering,
 
394-395
 

l
 energy (table), 391
 
metric (table), 387-388
 
temperature (table), 392-393
 

"j 
\ volumes and weights (table), 390
 

water (table), 399
 
Erection costs, of equipment (table),
 

346
 
of motors (table), 347
 

Evaporation, 272-276
 
Evaporators, 273-276
 

classification of, 273
 
cost of, 334
 

graph, 335
 
crystallizing, 279
 
data sheet on, 276
 
direct-fired, 274
 
horizontal-tube, 274
 
inclined-tube, 275
 
operation of, 273
 
speoial-tube, 275
 

Evaporators, vertical-tube, 274
 
Excavations, 17
 

cost of, 314
 
Exchangers, heat, 276---277
 
Exhausters, steam-jet, 68
 

water-jet, 68
 
Expansion of plant, 294
 
Expansion of pipes, thermal (table).
 

43
 
Expansion bends, 42 •
 
Expansion joints, 42
 
Experience, personal, 182
 
Expositions, 182
 
Extractors, centrifugal, cost of (ta


ble), 332
 

F 

Factoriel'>, heating requirements of,
 
136
 

Factors, of design (wheel chart), 165
 
in planning layout, 290
 
in plant location (table), 367, 368
 

wheel chart, 366
 
economics in, 171
 

Factory costs (table), 350
 
Feasibility of design, 162
 
Ferrous sulfate, project data on,
 

197-213, 417-418
 
cost data on, 359-361, 425-433
 

Filters, 259-260
 
capacity of (tables), 329
 
cloths, 263
 
cost of (table), 329-331
 
drum, exterior, 259
 

internal vacuum, 259
 
presses, 260
 

performance of (table), 329,
 
330
 

pressure-leaf, 261
 
performance of (table), 330
 

vacuum continuous, 259
 
performance of (table), 331
 

Filtration, 258-263
 
gravity, 258
 
vacuum, 258-259
 

Fire extinguishers, 118
 
characteristics of (table), 113
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Fire hazards of chemicals (table), 
114-118
 

Fire pails, 118
 
Fire protection, 111, 11
 

hose for, 118
 
Fire pumps, 111
 
Fire sprinklers, automatic, 111
 
Fittings, 39-4.6
 

conventions, 47
 
pipe, flanged, 40
 

screwed,39
 
problems in design of, 412-413
 
resistance to flow (graph), 92
 

table, 408
 
symbols, 47
 

Fixed charges, references on, 361

363
 

Flammable materials (table), 114
118
 

Flanged pipe (table), 404
 
Flat-roof buildings, 96
 
Flood lighting, 121
 
Floor drains, 31
 
Floor space, 294
 
Flooring, 99
 

cost of, 314
 
table, 316
 

materials of construction for, 100
 
properties of (table), 102
 

Flow, resistance to (table), 408
 
Flow of materials, 202
 
Flow diagrams, 188-213
 

equipment, 188, 199
 
pictorial, 196, 212-213
 
problem in design of, 416
 
qualitative, 188, 189, 195
 
quantitative, 194
 
reading references on, 212-213
 
as a technical factor, 164
 

Flow mixers, 268
 
Flow sheets, 199
 
Fluid flow (chart), 89
 
.Foundations, 13-26
 

bolt installation, 19
 
concrete for (table), 25
 
costs of, 314
 
cribbing for, 20
 
d~ign of, 24
 

Foundations, for equipment, 18
 
multiple, 17
 
problems in design of, 409-410
 
single, 17
 
solid, 20
 
for tanks, 19, 21-24
 
types of, 17
 

Fractionating column, cost of (ta

ble),335
 

Framework of buildings, 101
 
materials for, 104
 

Friction clutches, 153
 
Frost, depth of penetration, 14, 15,
 

16
 
Frost line, 13
 
Full costs, 171
 

reading references on, 361-365
 

G 

Gases, molecular weights, 90
 
Gear pumps,· 78
 
Gear reduction units, 159
 
Granular solids, cost of drying
 

(table), 338
 
Gravity filtration, 258
 
Grinding, classification of, 240
 

selection of, 240--242
 
Grizzlies, 250
 
Gross income, 359
 
Gyratory crushers, 242
 
Gyratory screens, 250
 

H 

Hammer mills, 245
 
capacity and performance of (ta


ble),328
 
cost of (table), 328
 

Handbooks, engineering, 179
 
Hangers, 53, 151
 
Hazards in chemical industry, 114

118, 173, 234
 
in buildings, 172
 
to labor, 172
 
to process equipment, 172
 

Heat, internal sources of (table), 137
 
steam, 132
 

. '~ 

•• ~_I 

INDEX 

Heat exchangers, 276-277
 
data required for, 278
 

Heat transfer, equipment, cost of,
 
333-338
 

overall coefficients (table), 396
 
Heating, 128
 

air, B.t.u. required for (ta?le), 138
 
factory buildings, requIrements
 

for, 137 .
 
table, 136
 

installation, cost of (table), 320
 
Heating systems, 131-134
 

blower (table), 134
 
hot air, 132
 
hot blast, 134
 
hot water, 132
 
problems in design of, 415
 
steam, 132
 
types of, 131
 
unit heaters, 134
 

Hoist, skip, 238
 
Homogenizers, 271
 
Horizontal-tube evaporators, 274
 
Hose for fire protection, 118
 

size of, 118
 
Humidity control, 129
 
Hydraulic jigs, 255
 
Hytor, Nash, 79
 

I
 

Illumination, 119-128
 
in chemical plant design, 123
 

requirements, 123
 
table, 124-127
 

natural, 120
 
problem in design, 415
 

Inclined-tube evaporators, 275
 
Income, gross, 359
 

net, 359
 
Industrial buildings, 94-97
 
Industrial plant wiring, 147
 
Infringement of patents, 174
 
Ink lines, character and weight of,
 

9, 10
 
Installation, of overhead piping,
 

53-55
 

Installation, prohl
 
412-414
 

of underground:
 
Installation costs (
 
Insulation of pipin
 

application of, 6
 
efficiency of (tal
 
fireproof, 66
 
selection of (cbB
 
temperature lim
 
weatherproof,61
 

Interconversion ta
 
energy (table), :
 
metric (table) I I
 
temperature (ta
 
volumes and we
 

Interest on invest
 
Internal heat, II(
 

137
 
Investment, capit
 

interest on, 353
 
plant, 353
 

Jacketed kettles, l 
333 ' 

cost of (table),·
 
Jaw crushers, 242
 
Jet pumps, steam
 

water, 68
 
Jigs, hydraulic, 2J
 
Joints, expansion,
 

pipe, 40, 42
 
solder, 40
 

Kettles, 333
 
capacity and " 
mixing, capal 

(table), ~ 

Labor, considers; 
cost of, in pipE 

344
 
safety conside 
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of chemicals (table), Foundations, for equipment, 18
 
multiple, 17
 
problems in design of, 40!}-410 •
 

, Ill, 11
 single, 17
 
solid, 20
 
for tanks, 19, 21-24
 
types of, 17
 

Fractionating column, cost of (ta

ble), 335
 

Framework of buildings, 101
 
materials for, 104
 

esign of, 412-413
 Friction clutches, 153
 
How (graph), 92
 Frost, depth of penetration, 14, 15,
 

16
 
Frost line, 13
 

references on, 361 Full costs, 171
 
reading references on, 361-365
 

G 

Gases, molecular weights, 90
 
Gear pumps, 78
 
Gear reduction units, 159
 
Granular solids, cost of drying
 

(table), 338
 
Gravity filtration, 258
 
Grinding, classification of, 240
 

selection of, 240--242
 
Grizzlies, 250
 
Gross income, 359
 
Gyratory crushers, 242
 
Gyratory screens, 250
 

H 

Hammer mills, 245
 ) 
capacity and performance of (ta


ble), 328
 
cost of (table), 328
 

Handbooks, engineering, 179
 
Hangers, 53, 151
 
Hazards in chemical industry, 114

118, 173, 234
 
in buildings, 172
 
to labor, 172
 
to process equipment, 172
 

Heat, internal Sources of (table), 137
 
steam, 132
 

INDEX 443 

Heat exchangers, 276--277 Installation, problem in design of,
 
data required for, 278 412-414
 

Heat transfer, equipment, cost of, of underground piping, 51-52
 
333-338 Installation costs (table), 346
 

overall coefficients (table), 396 Insulation of piping, 63
 

Heating, 128 application of, 65
 

air, B.t.u. required for (ta?le), 138
 efficiency of (table), 63
 
factory buildings, requuements fireproof, 66
 

for, 137
 selection of (chart), 64
 

table, 136
 temperature limits, 64
 

installation, cost of (table), 320 weatherproof, 66
 
Interconversion tables, 387-393
Heating systems, 131-134
 

energy (table), 391
blower (table), 134
 
metric (table), 387-389
hot air, 132
 
temperature (table), 392-393
hot blast, 134
 
volumes and weights (tables), 390
 hot water, 132
 

Interest on investment, 353
problems in design of, 415
 
Internal heat, sources of (table),
steam, 132
 

137
types of, 131
 
Investment, capital, 352
unit heaters, 134
 

interest on, 353
Hoist, skip, 238
 
plant, 353
Homogenizers, 271
 

Horizontal-tube evaporators, 274
 
JHose for fire protection, 118
 

size of, 118
 Jacketed kettles, capacity of (table), 
Humidity control, 129
 333 .
 
Hydraulic jigs, 255
 cost of (table), 333
 
Hytor, Nash, 79
 Jaw crushers, 242
 

Jet pumps, steam, 68
 
I
 water, 68
 

Jigs, hydraulic, 255
 
Illumination, 119-128
 Joints, expansion, 42
 

in chemical plant design, 123
 pipe, 40, 42
 
requirements, 123
f solder, 40


j table, 124-127
 
J natural, 120 K 
i problem in design, 415
 

Inclined-tube evaporators, 275 Kettles, 333
 

Income, gross, 359
 capacity and cost (table), 333
 
mixing, capacity and cost of
net, 359 .
 

(table), 333
Industrial buildings, 94-97
 
Industrial plant wiring, 147
 L 
Infringement of patents, 174
 
Ink lines, character and weight of, Labor considerations for, 172
 
. 9,10
 cost of, in pipe fabrication (tlllble),
 
Installation, of overhead piping, 344
 

53-55 safety considerations for, 174
 



.
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Llilbor, shelter for, 97
 
sources of, in plant location, 373
 

Labor costs, 348-349
 
Laboratories, manufacturers', 182
 

place in development program, 
167
 

Laboratory data, 197-198
 
Land, a factor in plant location,
 

375
 
Layout of wiring systems, 147
 
Layout and elevation, 289-305
 

the building in, 295
 
factor in planning, 290
 

in design, 166
 
floor space in, 294
 
piping, 50
 
plant expansion, 294
 
principles of, 290--291
 
reading references on, 304-305
 
sketches of, 296-303
 
utilities servicing, 294
 

Leaf filters, 261
 
Legal contracts, 175
 
Legal phases, 174-175
 

in patents, 174
 
in process developments, 165
 
in public relations, 175
 

Lettering, 9
 
Lifts, air, 70
 
Lighting, coSt of (table), 321
 

emergency, 121
 
flood, 121
 
fundamentals of, 121
 
illumination required, 121
 

table, 124-127
 
operating costs, 123
 
reflective values of paints, 127
 

table, 128
 
Lighting equipment, 121
 

costs of (table), 320
 
Lines, character and weight of, 9
 

frost depths, 13 
reference for foundations, 13
 

Literature, trade, 181
 
Loads, bearing, of soil, 13
 

table, 15
 
on roofs, 106
 

snow and wind (table), 107
 

Location, of chemical plants, 366
385
 

economic factors of (table), 367
 
as a factor in development, 166 •
 
factors in, 367
 

climatic conditions, 379
 
labor sources, 373
 
land,375
 
market, 369
 
ordinances, 375-376
 
power, 375
 
public improvements, 377
 
quantitative analysis of, 379

380
 
raw materials, 369
 

(table), 370-371
 
relation to other industries, 377
 
table, 378
 
transportation, 372
 
utilities, 377
 
waste disposal, 377
 
water, 374
 
wheel chart, 366
 

problem in design, 416
 
of pumps, 80
 
reading references on, 383-389
 
as a technical factor, 166
 

Lumber, cost of drying (table), 337
 

M 

Magnetic separation, 252
 
Maintenance and supplies, costs
 

(table), 350
 
Management costs, 349
 

and market costs (table), 35Q-351
 
Manufacturers' equipment labora


tories, 182
 
Market, as factor in plant location,
 

369
 
and manlilgement costs (table),
 

350-351
 
as technical factor, 164
 

- Market surveys, in design, 164
 
Marketing new product, 163
 
Material balance, 200-201
 
Materials, flow of, 202
 

raw, cost of, 311
 

..- .,. c., -~ 

INDEX 

Materials, specific gravity of (table),
 
405-407
 

weights of (table), 405-407
 
Materials of construction, for build


ings,99
 
for equipment, 216-219
 
as factor in plant location, 369

371
 
for flooring, 99
 
for framework, 101
 
metallic, selection of (table), 225


232
 
nonmetallic, selection of (table),
 

220-224
 
for piping, 37
 
plan for selection of, 217
 
project data on, 197
 
for pumps, 80
 
reading references on, 287-288
 
for roofs, 104
 
selection of, 217
 

charts, 218
 
specification for pipe, 41
 
for walls, 101
 

Materials-handling equipment, 219
239,304 

capacity and performance of (ta
ble), 321-324
 

classification of, 232-233
 
cost of (table), 321-324
 
in layout, 304
 
selection of, 235
 

Measures (tables), 389
 
Mechanical separation equipment,
 

248-266
 
cost of (tables), 328-333
 

Mechanism, variable-speed, 160
 
Metallic materials of construction
 

(table), 225-232
 
Metric equivalents (table), 387-388
 
Milling equipment, 239-248
 

capacity and performance (tables), 
324-328
 

classification of, 240
 
cost of (table), 324-328
 
data required for, 247
 
selection of, 240-242
 

:tM 

Mills, 242-245
 
attrition, 243
 

cost of, 327
 
ball, 244
 

cost of, 328
 
buhrstone, 243
 
clilge, 245
 
centrifugal roll, :iI
 
coffee, 243
 
colloid, 270
 
hammer, 245
 

capacity and
 
(table), 328
 

cost of (table);
 
pebble, 244
 

capacity and
 
(table), 327
 

cost of (table),
 
rod,244
 

capacity and
 
(table), 327
 

cOst of (table),
 
roller, 245
 
tube, 244
 

cost of, 321
 
Mixers, arm, 269
 

capacity and ..
 
(table), 333
 

choice of, 211
 
colloid mill, 270
 
cost of (table), a:
 
flow, 268
 
homogenizers, 27
 
materials of CODll
 
miscellaneous, 2'1
 
paddle arm, 269
 
power consumpti
 
propeller, 269
 
turbine, 270
 

Mixing, 266-272
 
kettles, 333
 

cost of (table),
 
processing equip
 

Moisture, effect 0
 

247
 
Montejus, 70
 
Motors, 143 .
 

application of, 1,
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Location, of chemical plants, 366
385
 

economic factors of (table), 367
 

(table), 321
 

as a factor in development, 166
 
factors in, 367
 

climatic conditions, 379
 
labor sources, 373
 
land,375
 
market, 369
 
ordinances, 375-376
 
power, 375
 
public improvements, 377
 
quantitative analysis of, 379

380
 
raw materials, 369
 

(table), 370--371
 
relation to other industries, 377
 
table, 378
 
transportation, 372
 
utilities, 377
 
waste disposal, 377
 
water, 374
 
wheel chart, 366
 

problem in design, 416
 
of pumps, 80
 
reading references on, 383-389
 
as a technical factor, 166
 

Lumber, cost of drying (table), 337
 

M 

Magnetic separation, 252
 
Maintenance and supplies, costs
 

(table), 350
 
Management costs, 349
 

and market costs (table), 350--351
 
Manufacturers' equipment labora


tories, 182
 
Market, as factor in plant location,
 

369
 
and management costs (table),
 

350--351
 
as technical factor, 164·
 

Market surveys, in design, 164
 
Marketing new product, 163
 
Material balance, 200--201
 
Materials, flow of, 202
 

raw, cost of, 311
 

445INDEX 

Materials, specific gravity of (table),
 
405-407
 

weights of (table), 405-407
 
Materials of construction, for build


ings, 99
 
for equipment, 216-219
 
as factor in plant location, 369

371
 
for flooring, 99
 
for framework, 101
 
metallic, selection of (table), 225


232
 
nonmetallic, selection of (table),
 

220--224
 
for piping, 37
 
plan for selection of, 217
 
project data {)n, 197
 
for pumps, 80
 
reading references on, 287-288
 
for roofs, 104
 
selection of, 217
 

charts, 218
 
specification for pipe, 41
 
for walls, 101
 

Materials-handling equipment, 219

239, 304
 

capacity and performance of (ta
ble),321-324
 

classification of, 232-233
 
cost of (table), 321-324
 
in layout, 304
 
selection of, 235
 

Measures (tables), 389
 
Mechanical separation equipment,
 

248-266
 
cost of (tables), 328-333
 

Mechanism, variable-speed, 160
 
Metallic materials of construction
 

(table), 225-232
 
Metric equivalents (table), 387-388
 
Milling equipment, 239-248
 

capacity and performance (tables), 
324-328
 

classification of, 240
 
cost of (table), 324-328
 
data required for, 247
 
selection of, 240--242
 

Mills, 242-245
 
attrition, 243
 

cost of, 327
 
ball, 244
 

cost of, 328
 
buhrstone, 243
 
cage,245
 
centrifugal roll, 245
 
coffee, 243
 
colloid, 270
 
hammer, 245
 

capacity and performance of
 
(table), 328
 

cost of (table), 328
 
pebble, 244
 

capacity and performance of
 
(table), 327
 

cost of (table), 327
 
rod,244
 

capacity and performance of
 
(table), 327
 

cost of (table), 327
 
roller, 245
 
tube, 244
 

cost of, 327
 
Mixers, arm, 269
 

capacity and performance of
 
(table), 333
 

choice of, 211
 
colloid mill, 270
 
cost of (table), 333
 
flow, 268
 
homogenizers, 271
 
materials of construction for. 278
 
miscellaneous, 270
 
paddle arm, 269
 
power consumption of, 271
 
propeller, 269
 
turbine, 270
 

Mixing, 266-272
 
kettles, 333
 

cost of (table), 333
 
processing equipment, 272
 

Moisture, effect on grinding, 245

247
 

Montejus, 70
 
Motors, 143
 

application of, 144
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Motors, cost of (table), 146, 340
 
erection cost of (table), 347
 
selection of (chart), 144-145
 

Motor circuits, 148
 
Motor power, 142
 
Multi-story building, 94-95
 

N 

Nash hytor, 79
 
Natural illumination, 120
 
Net income, 359
 
Nonmetallic materials of construc


tion (table), 220-224
 
Notebooks in design laboratories,
 

423
 

o 

Operating and labor costs, 348
 
Operating for lighting, 123
 
Operations, unit, classification, 190

193
 
in design organizations, 176, 178
 

Ordinances as factor in plant loca

tion, 375-376
 

Organization for design (chart), 177
 
Over-all heat-transfer coefficients
 

(table), 396
 
Overhead piping installation, 53-55
 

P 

Paddle mixers, 269
 
Paint, light reflective values (table),
 

128
 
Patents, 174
 

infringements of, 174
 
out-of-date, 175
 
reading references on, 186-187
 

Pebble mills, 244 .
 
capacity and performance (table),
 

327
 
cost (table), 327
 

Performance and capacity of equip
ment, centrifugals, batch
 
(table), 265, 332
 

Performance and capacity of equip

ment, centrifugals, continuous
 
(table), 264
 • 

conveyors, apron (table), 322
 
belt (table), 322
 
screw (table), 323
 
suction (table), 324
 

extractor, centrifugal, 265, 332
 
filter, plate and frame, 328--329
 

pressure-leaf, 330
 
vacuum, 331-332
 

materials-handling (tables), 321
324
 

mechanical separation (tables),
 
328--333
 

mills, hammer (table), 328
 
pebble (table), 327
 
rod (table), 327
 

mixers (table), 333
 
pumps, centrifugal (tables), 77,
 

341
 
reciprocating (table), 341 ;~-

screens (table), 325
 
Periodicals, chemical engineering,
 

181
 :,~ 

Personal experience, 182
 
Pictorial diagrams, 196
 
Pictorial flow sheets, references on,
 

211-213
 
Piers, cribbing, 20
 

solid,20
 
Pilot plant, 168--169,422
 
Pipe, 37-57
 

bends, 42
 
cost of (table), 344
 

bursting pressure of, 403
 
capacities of (table), 400-401
 
cast iron flanged, dimensions
 

(table), 404
 
column supports (table), 26
 
conventions, 48
 
cost of (table), 342
 
drain, cleaning of, 30
 
expansion, thermal (table), 43
 
fittings, 39
 
flow of water in, 88
 

table, 89
 

INDEX 

Pipe, installation of, problems in 
design, 412-413
 

joints, 32
 
materials for, 37
 
power consumption in (table), 43
 
selection of size for steam, 58--59
 
sewer, capacities of (table), 29
 
sizes, 38
 

table, 402-403
 
screw fittings, 39
 
specifications for (table), 41
 
steam, 57-58
 
supply (table), 60
 
supports for, 54-56
 
symbols for, 47
 
thermal expansion (table), 43
 
working pressures of, 39
 

Piping, 37-57
 
code, American Institute of Chem


ical Engineers (table), 49
 
cost of (table), 342
 
design for, 46
 

principles of, 46
 
drawings, 46
 

developed, 51
 
single plane, 51
 

fabrication of (table), 344
 
fire protection, 118
 
installation, overhead, 53
 

problems in design of, 412-413
 
underground,51
 

insulation of, 63-64
 
layout of, 50
 
sketches of, 49
 
solder-joint, 40
 
steam, 57-58
 
supports for, 54-56
 
suspended, 33
 
symbols for, 47
 
welding costs (table), 344
 

Pitch-roof buildings, 96
 
Plan of attack for design, 2-3
 
Plan and elevation, 292
 

methods of studying, 292
 
sketches of, 296-303
 

Planning layout, essential factors in,
 
290
 

Plant, commercial,
 
costs of (tables),
 
design of, 2
 
expansion of, 29

factors in loca'
 

367,368 .
 
economics in,
 
wheel chart, 3
 

investment in, 3
 
layout and elevi
 

equipment in,
 
factors in, 29(
 
principles of,
 
reading refen
 
sketches of, 2
 
storage in, 29
 

location of, 366

factors in (t
 

378--381
 
reading refer4
 
wheel chart,
 

pilot, 168
 
plan and elevat
 
visits to, 182
 
wiring of, 147
 

Plant location, ae
 
problem in desi
 

Plumbing codes, :
 
Pneumatic conve;
 
Power, consumpt
 

in pipes (tab
 
cost of (table),
 

for size-redu
 
electrical, 142
 
factor in plant
 
and power traI
 
problem in dee
 
requirements iJ
 

ble), 324 

sources of, 141
 
steam power, ~
 

Preconstruction
 
308--365
 

project data 0
 

Presses, filter,2f
 
capacity and
 

ble),329

cost of (table)
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9, 

f (table), 146, 340
 
of (table), 347
 

(chart), 144-145
 
,148
 

" ding, 94-95
 

N 

tion, 120
 

terials of construc
),220-224 
design laboratories, 

o 

bar costs, 348 
ting, 123 

, cl888ification, 190

installation, 53--55 

p 

Performance and capacity of equip

ment, centrifugals, continuous
 
(table), 264
 

conveyors, apron (table), 322
 
belt (table), 322
 
screw (table), 323
 
suction (table), 324
 

extractor, centrifugal, 265, 332
 
filter, plate and frame, 328--329
 

pressure-leaf, 330
 
vacuum, 331-332
 

materials-handling (tables), 321
324
 

mechanical separation (tables)
 
328--333 '
 

mills, hammer (table), 328
 
pebble (table), 327
 
rod (table), 327
 

mixers (table), 333
 
pumps, centrifugal (tables), 77,
 

341
 
reciprocating (table), 341
 

screens (table), 325
 
Periodicals, chemical engineering
 

181 '
 
Personal experience, 182
 
Pictorial diagrams, 196
 
Pictorial flow sheets, references on
 

211-213 '
 
Piers, cribbing, 20
 

solid,20
 
Pilot plant, 168--169, 422
 
Pipe, 37-57
 

bends, 42
 
cost of (table), 344
 

bursting pressure of, 403
 
capacities of (table), 40Q-401
 
cast iron Hanged, dimensions
 

(table), 404
 
column supports (table), 26
 
conventions, 48
 
cost of (table), 342
 ..

.drain, cleaning of, 30
 
expansion, thermal (table), 43
 
fittings, 39
 
How of water in, 88
 

table, 89
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Pipe, installation of, problems in 
design, 412-413
 

joints, 32
 
materials for, 37
 
power consumption in (table), 43
 
selection of size for steam, 58-59
 
sewer, capacities of (table), 29
 
sizes, 38
 

table, 402-403
 
screw fittings, 39
 
specifications for (table), 41
 
steam, 57-58
 
supply (table), 60
 
supports for, 54-56
 
symbols for, 47
 
thermal expansion (table), 43
 
working pressures of, 39
 

Piping, 37-57
 
code, American Institute of Chem


ical Engineers (table), 49
 
cost of (table), 342
 
design for, 46
 

principles of, 46
 
drawings, 46
 

developed, 51
 
single plane, 51
 

fabrication of (table), 344
 
fire protection, 118
 
installation, overhead, 53
 

problems in design of, 412-413
 
underground, 51
 

insulation of, 63--64
 
layout of, 50
 
sketches of, 49
 
solder-joint, 40
 
steam, 57-58
 
supports for, 54-56
 
suspended, 33
 
symbols for, 47
 
welding costs (table), 344
 

Pitch-roof buildings, 96
 
Plan of attack for design, 2-3
 
Plan and elevation, 292
 

methods of studying, 292
 
sketches of, 296-303
 

Planning layout, essential factors in,
 
290
 

Plant, commercial, 169
 
costs of (tables), 351-352
 
design of, 2
 
expansion of, 294
 
factors in location of (tables),
 

367, 368
 
economics in, 368
 
wheel chart, 366
 

investment in, 353
 
layout and elevation of, 289--305
 

equipment in, 293
 
factors in, 290
 
principles of, 290-291
 
reading references in, 304-305
 
sketches of, 296-303
 
storage in, 292
 

location of, 366-385
 
, factors in (tables), 367, 368,
 

378-381
 
reading references on, 382-385
 
wheel chart, 366
 

pilot, 168
 
plan and elevation of, 292
 
visits to, 182
 
wiring of, 147
 

Plant location, 366-385
 
problem in design, 416
 

Plumbing codes, 27, 86
 
Pneumatic conveyors, 237
 
Power, consumption, in mixers, 271
 

in pipes (table), 93
 
cost of (table), 312
 

for size-reduction (table), 324
 
electrical, 142
 
factor in plant location, 375
 
and power transmission, 141-161
 
problem in design of, 414
 
requirements in size-reduction (ta

ble), 324
 
sources of, 141
 
steam power, 141
 

Preconstruction cost accounting,
 
308-365
 

project data on, 359--361
 
Presses, filter, 260-263
 

capacity and performance of (ta

ble), 329--330
 

cost of (table), 330
 

son, 186-187 

,174 

rformance (table), 
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Pressing, 257
 
Pressure, bursting, of pipe, 403
 

working, of pipe, 39
 
Pressure leaf filters, 261
 

capacity and performance of (ta

ble), 330
 

cost of (table), 330
 
Pressure pumps, 72
 
Priming of centrifugal pumps, 77-78
 
Problems in elementary design, 409

416
 
Process equipment, 214-288
 

depreciation rates (table), 354
358
 

drains under, 33
 
hazards in, 173
 
safety considerations for, 172
 
selection of, 214-288
 

Process lines, problem in design of, 
412--413
 

Process steam, 57
 
Production costs (tables), 359-361
 

and budget, 309
 
graphic basis for, 309
 

Projects, data on material, 197
 
design, 417--419
 
development of, 162-188, 421
 
outline of, 3
 
preconstruction cost data on, 359

361, 425--433
 
preliminary survey on, 420--421
 
selection of, 420
 
statement of, 420
 

Propeller mixers, 269
 
Public relations, 175
 
Public improvements, factor in plant
 

location, 377
 
Public utilities, factor in plant loca


tion, 377
 
Publications, chemical engineering,
 

181
 
Pulleys, 153
 
Pumping, 80--83
 

cost of (table), 341
 
design of, 80
 
water, 83, 85
 

data sheet on, 76
 

Pumps, 67-80
 
acid eggs, 70
 
air lifts, 70
 • 
barometric legs, 70
 
centrifugal, 74-80
 

capacities of (tables), 77, 341
 
data sheet on, 76
 
multistage, 75
 
priming methods for, 77-78
 
single-stage, 74
 

classification of, 67
 
cost of (table), 341
 
cycloidal, 79
 
diaphragm, 74
 
drives for, 81-82
 
ejectors, 69
 
exhauster, 68
 
gear, 78
 
jet, steam, 68
 

water, 68
 
location of, 80
 
materials of construction for, 80
 
Nash hytor, 79
 
performance of (table), 341
 
piston and plunger, 71
 

classification of, 71
 
pressure, 72
 
reciprocating, 71-74
 

capacity of (table), 73
 
rotary, 74 .
 
screw, 78
 
sliding vane, 79
 
solids, 237
 
trade, 72
 

Purification of air, 129
 

Q 

Qualitative flow diagrams, 186
 
Quantitative analysis of plant-loca


tion factors, 379-380
 
Quantitative flow diagrams, 194
 
Quantitative flow sheets, 211
 

references for pictorial, 212-213
 
Quantitative summary of ferrous 

sulfate project, 197-211, 359
361, 425--433 
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Radiation losses, 134
 
Raw materials, costs, 311
 

as a factor in plant location, 369
 
table, 370--371
 

Reading references, development,
 
184-185
 

equipment, 288
 
equipment costs, 364-365
 
fixed charges, 361-363
 
flow diagrams, pictorial, 212-213
 
full costs, 361-363
 
market and distribution, 183-184
 
materials of construction, 287-288
 
plant layouts, 304-305
 
plant location, 382-385
 
patents, 186-187
 
safety, 185-186
 
sanitation, 383-385
 
wastes, industrial, 383-385
 

Reciprocating pumps, 71-74
 
capacities of (table), 73
 

Recommended air changes (table), 130
 
Reduction units, gear, 159
 
Reference lines, for foundations, 13
 
Refrigeration costs, 320
 
Regulating valves, 57
 
Repairs, cost of (table), 350
 
Reports in design, 423
 
Requirements, air, 129
 
Resistance to flow (graph), 92
 
Rod mills, 244
 

capacity and performance of (ta
ble), 327
 

cost of (table), 327
 
Roll mills, centrifugal, 245
 
Roller conveyors, 236
 
Roller mills, 244
 
Rolls, crushing, 242
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(tables), 327
 

cost of (tables), 327
 
Roofs, 104-105
 

cost of, 315
 
table, 319-320
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Roofs, materials for, 
weight of surfaeei
 

Room temperatures
 
Rope drives, 157
 

data sheet on, Ill(
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Screen cloth, 252
 
3creening, 249
 
Screens, 25Q-254
 

apertures (table:
 
capacity of (tab]
 
cost of (table), ~
 

gyratory, 250
 
rotary, 251
 
shaking, 250
 
size of (table), ~
 
trommel, 250
 
vibrating, 250
 

Screw conveyors, 
capacity and pi 

ble) , 323 • 
cost of (table);' 

Screw pipe, cost ~ 

size of (tables), 



" 

EMICAL ENGINEERING PLANT DESIGN 
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Raw materials, costs, 311
 

as a factor in plant location, 369
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Reading references, development,
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materials of construction, 287-288
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Reciprocating pumps, 71-74
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Repairs, cost of (table), 350
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Roofs, materials for, 105-106
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Room temperatures (table), 136
 
Rope drives, 157
 

data sheet on, 160
 
Rotary dryers, 284
 
Rotary screens, 251
 
Runners, edge, 243
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table, 15
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Safety considerations, 172
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trommel, 250
 
vibrating, 250
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ble), 323
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data sheet on, 76
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classification of, 67
 
cost of (table), 341
 
cycloidal, 79
 
diaphragm, 74
 
drives for, 81-82
 
ejectors, 69
 
exhauster, 68
 
gear, 78
 
jet, steam, 68
 

water, 68
 
location of, 80
 
materials of construction for, 80
 
Nash hytor, 79
 
performance of (table), 341
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screw, 78
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Screw pumps, 78
 
Screwed fittings, 39
 
Sectioning, common uses, 11
 

treatment of, 10
 
Selection, of bearings, 151
 

of building types, 110
 
of equipment, for buildings, 111
 

for materials-handling, 235
 
for types of service, 219
 

of insulation, 63--64
 \ 
of materials of construction, 217

218, 220-232
 
metallic (table), 225--232
 
nonmetallic (table), 220-224
 

of motors (chart), 144-145
 
of pipes, 37, 91
 
of process equipment, 214-288
 
of size-reduction equipment, 239-

241
 
Selling costs (table), 352
 
Semiworks data, 197-198,422
 
Separation, air, 254
 

centrifugal, 263--266
 
electrostatic, 252
 
of liquids from liquids, 266
 
magnetic, 252
 
mechanical, 248-266
 
of solids, from gases, 248-249
 

from liquids, 254-266
 
from solids, 249--254
 

Servicing, utilities, 263
 
Settling and decantation, 263
 
Settling basins, 254
 
Sewer pipe, capacities of (table), 29
 
Sewers, 31
 
Shafting, 148
 

horsepower requirements of, 150
 
materials and sizes of, 149
 
size, information required for, 150
 
stresses found in, 149
 

Shaking screens, 250
 
Sheaves, 158
 
Sheet-metal construction for build


ings, 101
 
Sheltering, attendants, 96
 

equipment, 98
 
materials, 98-99
 

Shredders, 245
 

Single-stoFY buildings, 94-95
 
Size-reduction, 239--248
 •

application (chart), 241
 
classification, 240
 
cost of (tables), 324-328
 
power costs for (tables), 324-328
 
power requirements for (tables),
 

324-328
 
Sketches, of plans and elevations,
 

298-303
 
of piping, 49
 
value of, 4
 

Skip hoists, 238
 
Sliding-vane pumps, 79
 
Slow-speed centrifugals, 264
 
Small scale experimentation, 421
 
Snow loads on roofs (table), 107
 
Soil, bearing loads of (table), 15
 
Solder-joint pipe, 40
 
Solids pumps, 237
 
Sources of information (see Biblio

graphic references)
 
Space, Hoor, 294
 
Special equipment, 214
 
Special tube evaporators, 275
 
Specific gravity of materials (table),
 

404-407
 
Specification form for equipment,
 

216
 
Specification writing, 216
 
Specifications, 215
 

for pipe materials (table), 41
 
problem in design, 416
 

Spindle-type vacuum filters, 259
 
Spray driers, 287
 
Standard buildings, design of, 107


110
 
selection of, 110
 

Standard equipment, 214
 
Stearn, consump:ion for engines
 

(table), 142
 
pipe size, determination of, 58
 
for processing, 57
 
properties of (table), 397-398
 
reducing valves for, 57
 
regulating valves for, 57
 
saturated, 61
 

properties of (table), 397-398
 

• 

INDEX 

Stearn, selection of pipe sizes for, 58
 
superheated, 61
 

enthalpy diagram for, 62
 
Stearn engines, capacities for (table),
 

142
 
Stearn heat, 132
 
Stearn-jet siphons, 69
 
Stearn plant costs (table), 340
 
Stearn power, 141
 
Stearn service, supply pipe sizes 

(table), 60
 
Stearn velocity (chart), 59
 
Storage, 292
 

cost of, 338
 
table, 338-339
 

Stresses found in shafts, 149
 
Suction conveyors (table), 323
 
Supplies, water, 83
 
Supports, lugs, 19--20
 

pipe column (table), 26
 
problem in design of, 409--410
 
for tanks, 19
 

Surveys, rnarket, 164
 
Syrnbols, for drainage systerns, 35
 

for electri~al installations, 122
 
for piping, 48
 
for valves and fittings, 47
 

T 

Tanks, capacities (table), 400-401
 
cost of, 339
 
horizontal, 22
 
steel supports for, 19
 
vertical supports for, 21-23
 
wood supports for, 21, 24
 
wooden, 87
 

Technical factors for design, build
ings, 166
 

developrnent, 167
 
equiprnent, 164
 
How diagrarns, 164
 
location of plant, 166
 
rnarket, 164
 
plant layout, 166
 

Ternperature conversion tables, 392

393
 

Textbook inforrnation, 179
 

Thermal expansion
 
43
 

Thickeners, 263
 
cost of, 333
 

Threading pipe, co
 
344
 

Tile, building, 104
 
drainage, 28
 

Titles, 9--10
 
Toilet facilities (tab!
 
Towers, cooling,277
 

water, 86
 
cost of, 339
 

Trade literature, 1'8:
 
Trade pumps, 72
 
Transfer coefficients
 
Transportation facu
 

tion, 272
 
Traps, 32
 
Trornmel screens, 2l
 
Trusses, 99
 
Tube rnills, 244
 

cost of, 325
 
Turbine mixers, 270
 
Types, of buildings,
 

of equiprnent fotl 

U 

Underground pipin
 
51-52
 

Unit operations, C
 

190--193
 
Units, interconversi
 

ble), 391
 
rnetric (tables), 3i
 
temperature (tab1
 
volume and weigl
 

Unloaders, wagon, C
 

Utilities, public, ~
 

location, 377
 
servicing, 294 '
 

v
 

V-belts, 158
 
Vacuum crystalli2Iel
 
Vacuum dryers, 281
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Size-reduction, 239--248
 •application (chart), 241
 
classification, 240
 
cost of (tables), 32~328
 

power costs for (tables), 32~328
 

power requirements for (tables),
 
32~328 

Sketches, of plans and elevations, 
298-303
 

of piping, 49
 
value of, 4
 

Skip hoists, 238
 
Sliding-vane pumps, 79
 
Slow-speed centrifugals, 264
 
Small scale experimentation, 421
 
Snow loads on roofs (table), 107
 
Soil, bearing loads of (table), 15
 
Solder-joint pipe, 40
 
Solids pumps, 237
 
Sources of information (see Biblio

graphic references)
 
Space, floor, 294
 
Special equipment, 214
 
Special tube evaporators, 275
 
Specific gravity of materials (table),
 

404-407
 
Specification form for equipment,
 

216
 
Specification writing, 216
 
Specifications, 215
 

for pipe materials (table), 41
 
problem in design, 416
 

Spindle-type vacuum filters, 259
 
Spray driers, 287
 
Standard buildings, design of, 107


110
 
selection of, 110
 

Standard equipment, 214
 
Steam, consump:ion for engines
 

(table), i42
 
pipe size, determination of, 58
 
for processing, 57
 
properties of (table), 397-398
 
reducing valves for, 57
 
regulating valves for, 57
 
saturated, 61
 

properties of (table), 397-398
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Steam, selection of pipe sizes for, 58
 
superheated, 61
 

enthalpy diagram for, 62
 
Steam engines, capacities for (table),
 

142
 
Steam heat, 132
 
Steam-jet siphons, 69
 
Steam plant costs (table), 340
 
Steam power, 141
 
Steam service, supply pipe sizes
 

(table), 60
 
Steam velocity (chart), 59
 
Storage, 292
 

cost of, 338
 
table, 338-339
 

Stresses found in shafts, 149
 
Suction conveyors (table), 323
 
Supplies, water, 83
 
Supports, lugs, 19--20
 

pipe column (table), 26
 
problem in design of, 409--410
 
for tanks, 19
 

Surveys, market, 164
 
Symbols, for drainage systems, 35
 

for electri~al installations, 122
 
for piping, 48
 
for valves and fittings, 47
 

T 

Tanks, capacities (table), 400--401
 
cost of, 339
 
horizontal, 22
 
steel supports for, 19
 
vertical supports for, 21-23
 
wood supports for, 21, 24
 
wooden, 87
 

Technical factors for design, build
ings, 166
 

development, 167
 
equipment, 164
 
flow diagrams, 164
 
location of plant, 166
 
market, 164
 
plant layout, 166
 

Temperature conversion tables, 392

393
 

Textbook information, 179
 

Thermal expansion of pipe (table),
 
43
 

Thickeners, 263
 
cost of, 333
 

Threading pipe, cost of (table),
 
344
 

Tile, building, 104
 
drainage, 28
 

Titles, 9--10
 
Toilet facilities (table), 33
 
Towers, cooling, 277·
 

water, 86
 
cost of, 339
 

Trade literature, 181
 
Trade pumps, 72
 
Transfer coefficients, heat, 396
 
Transportation factor in plant loca

tion, 272
 
Traps, 32
 
Trommel screens, 250
 
Trusses, 99
 
Tube mills, 244
 

cost of, 325
 
Turbine mixers, 270
 
Types, of buildings, 108
 

of equipment for service, 219
 

U 

Underground piping installations,
 
51-52
 

Unit operations, classification of,
 
190-193
 

Units, interconversion, energy (ta
ble), 391
 

metric (tables), 387-388
 
temperature (table), 392-393
 
volume and weight (table), 390
 

Unloaders, wagon, cost of, 324
 
Utilities, public, factor in plant
 

location, 377
 
servicing, 294
 

v
 

V-belts, 158
 
Valluum crystallizers, 281
 
Vacuum dryers, 283
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Vacuum filters, 258-263
 
cost of (table), 331-332
 
disk,259
 
drum, external, 259
 

internal, 259
 
spindle, 259
 

Vacuum filtration, 258-263
 
Valves, 44
 

diaphragm, 45
 
reducing and regulating, 51, 57
 
Saunder's patent, 45
 
symbols, 48
 

Valves and fittings, 39-45
 
conventions, 47
 
resistance to flow (graph), 92
 

table, 408
 
Variable production, 310
 

and budgets, 309
 
Variable-speed mechanism, 160
 
Vats, cost of, 338
 
Velocity of steam (chart), 59
 
Ventilation, 128-129
 

problem in design of, 415
 
Vents, 32
 
Vertical-tube evaporator, 274
 
Vibrating screens, 250
 
Visits to plants, 182
 
Volumes and weights, interconver


sion (table), 390
 
of materials (table), 405-408
 

W 

Walls, 101
 
cost of, 315
 

tables, 317-318
 
materials for, 104
 

Wagon unloaders, cost of, 324
 
Waste disposal, factor in plant loca


tion, 377
 

Waste disposal, reading references
 
on, 383-385
 

Water,--consumption for steam en •gines (table), 142 • 
factor in plant location, 374
 
flow in pipes (table), 88
 
pumping of, 85
 
properties of, 397-398
 
service demands for, 87
 

Water equivalents (table), 399
 
Water heads, pressures of (table),
 

400
 
Water pumps, capacities of (table),
 

341
 
Water requirements, 88
 
Water sources, 83
 
Water supplies, 83
 

problem in design of, 412-413
 
Water towers, capacities of (table),
 

87
 
cost of, 339
 

Weights, interconversion (table), 390
 
of materials (table), 405-408
 
and measures, miscellaneous (ta

ble), 389 •
 
metric (tables), 388
 

Welded trusses, 99
 
Welding, cost of (table), 344
 
Wells, cost of, 340
 
Whirlbeater, cost of, 328
 
Whiting's concept, 167
 
Wind loads on roofs (table), 107
 
Wiring of industrial plants, 147
 
Wiring systems, layout of, 147
 
Working capital, 361
 
Working drawings, 5
 
Working pressure in pipes, 39
 

z 

Zoning factor in plant location, 376
 




