INDEX

A thermal performance calculation, 371-389
effects of tube configuration on, 387
Absorption for condensation duty, see air-cooled condensers
of radiation in gases, 145-150 mean temperature difference, 372
Absorption cycles, 835-838 overall heat transfer coefficient, 371
Electrolux refrigeration cycle, 837-838 rating calculations for, 373387
simple absorption cycle refrigerator, 835837 typical U and C values for, 229
Absorptivity of radiation Air-water system, 751-762
monochromatic directional, 132 adiabatic saturation temperature, 752-756
monochromatic hemispherical, 132 enthalpy relationships, 756
total, 132 humidity, 751-752
Acetic acid, saturation properties of, 1006 psychometric chart, 756-762
Acetone, saturation properties of, 1007 application to dryers, 757-759

Acetylene, saturation properties of, 993
Active methods, for enhancement of heat transfer,
886—890
Adiabatic saturation temperature, 752-756
A-frame air-cooled condensers, 677
Agitated vessels, heat transfer in, 937-953
agitation within vessel, 937-940
nonproximity systems, 939
proximity systems, 939
heat transfer and pressure drop in coils, 941-945
heat transfer on inside of vessel wall and on im-
mersed vertical coils, 945-953 -
jacket (and limpet coil) heat transfer, 940-941 use in direct contact heat transfer, 714715

Anch it fi i
Ahmad scaling method, for critical heat flux in tubes, c or agl ator.s, or agltat.ed vessels, 939
460463 Aniline, saturation properties of, 1006

Air Annular flow,
in horizontal tubes, 392
in vertical tubes, 391

application to humidification, 759-762
application to mixing of streams, 759-760
psychometric ratio, 755
wet bulb temperature, 752756
Ammonia
gaseous, atmospheric pressure, properties of, 1018
saturation properties of, 1009
Analogies between heat and mass transfer, 62-64
Chilton-Colburn analogy, 6364
in heat transfer enhancement, 882-883
Reynolds analogy, 62-63

gaseous, atmospheric pressure, properties of, 1018
saturation, properties of, 1008

Air conditioning, 4, 829-835 Antifoulants, 876 ,
Air-cooled condensers., 650-652, 675-685 Arg'on, saturation }?ropertles of, 1009
A-frame, 677 Assisted c%raft (':oolmg tower, 749 .
application of, 675-676 Asymptouc. resistance, due to fouling, 858
design of, 680683 Augmentation of heat transfer, see Enhancement of
flow arrangement for, 676-680 heat transfe}r
combined down flow and reflux, 679 Azeotrope formation, 435
down flow (inclined tube), 678-679
horizontal tube, 679 B
reflux (inclined tube), 679
vertical tube, 679-680 Basketweave checkerwork, for regenerative heat ex-
maldistribution effect in, 684 changers, 898
mounting arrangements for, 676 Bayonet tube evaporator, 560
column mounted, 676 Bayonet tube waste heat boiler, 493
ground mounted, 676 Beer's Law, of absorption of radiation in gases,
noise generation in, 684685 144-145
Air-cooled heat exchangers, 365-389 Bell’s approximate method for condensers with desu-
advantages and disadvantages, 365 perheating, 666—-668
construction, 365-371 Bell-Delaware method, for heat transfer and pressure
bundie construction, 367~368 drop in sheli-and-tube exchangers, 275-285
finned tube construction, 368—371 Bends, pressure drop in two-phase flow in
forced draft, 366 homogenous model for, 401-402
induced draft, 366 separated flow model for, 410
description, 213, 365-371 Benzene, saturation properties of, 990
in air conditioning systems, 823-832 Binary mixtures, mass transfer in, 606-613
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Biological fouling, 863
Biological reactions, heat transfer in, 2
Biot number, 47
Blackbody radiation, 120-126
Planck’s distribution for, 121
radiation intensity in, 123~126
emissive power, 125
Lambert’s cosine law for, 124
Stefan-Boltzmann law for, 122
view factor between blackbodies, 136
Blasius equation, for pipe flow friction factor, 97
Boiling crisis, see critical heat flux
Boiling heat transfer, 423-467
critical heat flux in, 454—465
in forced convective boiling, 455, 458—463
in pool boiling, 455458
correlation for boiling heat transfer coefficients,
442-454
in combined nucleate and forced convective boil-
ing, 449-453
in forced convective boiling, 448—449
in nucleate boiling, 442448
in postdryout region, 453
cross-flow boiling, 430-433
in kettle reboilers, 527-528
enhancement of heat transfer in, 891893
forced convective boiling, 429-430
critical heat flux in, 455, 458-463
heat transfer coefficients in, 448-449
of multicomponent mixtures, 438-442
pool boiling, 428-429
critical heat flux in, 455458
of multicomponent mixtures, 436-438
regimes in, 428
multicomponent boiling, 433-442
vapour formation, 423428
critical bubble radius for, 425
heterogeneous nucleation, 425-428
homogenous nucleation, 425
Boiling length, 458
Boiling point, normal, of selected substances,
983-1017
Boltzmann constant, 121
Boundary layer
in the entrance region of a tube, 102
in the entrance region of pipes, 57
on flat plate, 57-58
convective heat transfer in, 64-69
thermal boundary layer, 58
velocity boundary layer, 57
Bouré and Mihaila method, for onset of density wave
instability, 530
Bowring correlation, for critical heat flux for water
flowing in tubes, 459-460
Boyko and Kruzhilin correlation, for shear controlled
condensation, 588-589
Brayton cycle, for gas turbines, 811-813
Brickwork, for regenerative heat exchangers, 898
British Standard Quadrature method for solving
Merkel integral in cooling tower design,
765-766

Bubble
critical radius for growth of, 425
heterogeneous nucleation of, 425-428
homogenous nucleation of, 425
Bubble columns, for direct contact heat transfer,
699-702
fluid dynamics of, 715-717
Bubble flow
dispersed in horizontal tubes, 391392
in vertical tubes, 391
in cross-flow over tube banks, 397
Bubble point, 615
Bubble type direct contact condenser, 726—729
theoretical models for, 740-744
Burnout, (see critical heat flux)
1,2-Butadiene, saturation properties of, 996
1,3-Butadiene, saturation properties of, 996
n-Butane, saturation properties of, 985
n-Butanol, saturation properties of, 999
t-Butyl Alcohol, saturation properties of, 999

C

C-value method, for approximate costing of heat ex-
changers, 215-231
air-cooled heat exchangers, 229
double pipe exchangers, 223-225
gasketed plate exchangers, 226-228
shell-and-tube exchangers, 220-222
typical C-values, 220-229
Carbon dioxide
gaseous, atmospheric pressure, properties of, 1019
saturation properties of, 1010
Carbon monoxide
gaseous, atmospheric pressure, properties of, 1019
saturation properties of, 1010
Carbon tetrachloride, saturation properties of, 1011
Carnot cycle, 809
Cavities
natural convection in, 117-119
radiation in, 140
Checkerwork, for regenerative heat exchangers, 898
Chemical formulae, of selected substances, 983-1017
Chemical reaction fouling, 863
Chemical reactions, heat transfer in, 2
Chen correlation, for forced convective boiling, 450
Chen equation, for pipe friction factor, 98
Chilton-Colburn analogy, 63-64
Chisholm correlations
for shell-and-tube heat exchangers, 412-413
for two-phase pressure drop in changes of cross
section and bends, 409-410
for two-phase pressure drop in pipes, 402-405
Chlorine, saturation properties of, 1011
Chloroform, saturation properties of, 1005
Churn flow, 391
Circulation rate, in fossil fuel fired boilers, 488
Clapeyron-Clausius equation, for vapour liquid equi-
librium, 424
Cleaning, of foulant from heat exchangers, 875-876



Climbing film evaporator, 550~552
Coefficient of performance, in thermodynamic cycles,
808-811
Coils, for agitated vessels
heat transfer inside, 941-945
heat transfer on outside of, 945-953
Colburn equation, for turbulent heat transfer in a
pipe, 105
Colburn-Drew method, for binary vapour condensa-
tion, 624627
Colburn-Hougen method, for condensation in pres-
ence of inert gas, 621-624
Colburn j-factor, 298, 616
Combined gravity and shear controlled condensation,
589-590
Compact heat exchangers, 213-214, 297-325
plate-fin type, 297-325
design procedure, 323-324
heat transfer and pressure drop in, 298-312
performance calculation, 312-323
structural features of, 297-300
Composite curves, in process integration, 841-849
minimum energy requirement, 843
the “pinch”, 844, 848
Condensation, 573641
enhancement of heat transfer in, 890—-891
equivalent laminar film model for, 599-604
filmwise (combined gravity and shear controlled),
589-590
in horizontal tubes, 589-590
filmwise (gravity controlled)
inside horizontal tubes, 593—595
on vertical flat plates, 574-580
outside horizontal tubes, 590-593
filmwise (shear controlled), 580~590
in horizontal tubes, 593
in multicomponent systems, 599-639
Colburn-Drew method for, 624-627
Colburn-Hougen method for, 621-624
condensation curves for, 628—635
Silver-Bell-Ghaly method for, 635-639
modes of, 573-574
dropwise, 574
filmwise, 573
homogeneous, 573-574
immiscible liquid, 574
Condensation curve, 436, 628-635
Condensers
air-cooled condensers, 650652, 675685
applications of, 675-676
design of, 680-683
flow arrangement, 676—680
maldistribution effects in, 684
mounting arrangement for, 676
noise generation in, 684685
direct contact condensers, 654-657
baffle column type, 655-656
spray type, 654-656
plate-and-frame (gasketed plate) heat exchangers
as condensers, 652—653, 687-690
heat transfer calculations for, 690
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pass arrangements for, 687-688
pressure drop in, 689
plate-fin heat exchangers as condensers, 653-654,
690-691
reflux, 646
flooding in, 417-419
selection of, 644646
shell-and-tube condensers, 646-650
condensation of multicomponent mixture in,
668673
desuperheating and subcooling in, 663-668
horizontal shell-side, E-shell, 647
horizontal shell-side, J-shell, 647
horizontal shell-side, rod baffled, 649
horizontal shell-side, X-shell, 647
horizontal tube-side, 646
mean temperature differences in, 662663
pressure drop in, 673
shell-side heat transfer in, 660—-662
vertical shell-side, 646
vertical tube-side, 646
Conduction, of heat, 12-55
Fourier’s law of, 12
general equation for, 16-19
in Cartesian coordinates, 16—18
in cylindrical geometry, 18
in spherical geometry, 19
in fins, 27-31
fin effectiveness, 30
fin efficiency, 31
infinitely long fin, 29
steady-state, 19-27
one-dimensional, 19-20
radial, in cylinders, 21-23
spherical, in spheres, 23-24
thermal resistance, general expression for, 2627
thermal conductivity, 13-16
transient, 42-55
in semiinfinite solids, 44—47
with convection and radiation, 47-55
two-dimensional, 32-36
graphical method for, 32
shape factor, 34-36
with internal heat generation, 36-42
cylinder, 38-41
flat plate, 36-38
Continuity equation (two-phase flow)
homogeneous model, 399
separated flow model, 400-401
Contraction, sudden, pressure drop in two-phase flow
homogeneous model for, 401
separated flow model for, 410
Convective heat transfer, 55-119
at a flat plate, 64-69
Chilton-Colburn analogy for, 63-64
enhancement of, 879-890
in boundary layers, 57-58, 64-69
in cross-flow over a cylinder, 69-73
in internal flows, 94—-108
in natural convection, 108-119
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in tube arrays, 73-93
finned tube arrays, 82-93
plain tube arrays, 73-82
laminar and turbulent flow, 56-57
Reynolds number, 56
nondimensional parameters for, 58—64
regimes of, in horizontal pipes, 99
Reynolds analogy for, 62-63
Cooling towers, 747-776
as gas-liquid contactors, 704
assisted draft counterflow type, 749
assisted draft cross-flow type, 749
forced draft counterflow type, 747
induced draft counterflow type, 747
induced draft cross-flow type, 747
natural draft counterflow type, 747
natural draft mixed flow type, 749
Merkel method for prediction of, 762~771
British Standard quadrature method for, 765
Merkel integral, 765
packing function, 765, 768
packings for, 767
packing function, 765
pressure loss in, 772
pressure drop in, 772-775
Cooper correlation, for nucleate boiling, 444445
COP, see Coefficient of performance
Corrosion fouling, 864
Corrugation forms, in plate-and-frame heat exchang-
ers, 330
Costs, of heat exchangers, see C-value method
Countercurrent flow heat exchanger, see pure coun-
tercurrent flow heat exchanger
Cowper stove, 895
Critical bubble radius, for growth, 425
Critical density, of selected substances, 983-1017
Critical heat flux, 454-465
as limitation in design of vapour generators, 483
in cross-flow, 528-530
in forced convective boiling
correlations for, 458-465
mechanisms for, 455
in pool boiling,
correlations for, 455-458
mechanisms of, 454—455
Critical mass flow rate, in two-phase flow, 416-417
Critical pressure, of selected substances, 983-1017
Critical temperature, of selected substances, 983-1017
Cross-flow
drag coefficient for flow over cylinders in, 70
heat transfer for flow over cylinders in, 70-72
over finned tube arrays, 82-93
heat transfer in, 84-89
pressure drop in, 89-93
over plain tube arrays, 73—-82
heat transfer in, 73-76
pressure drop in, 79-80
two-phase flow patterns in, 394397
two-phase pressure drop in, 412-413
two-phase void fraction in, 527
Cross-flow boiling, 430-433
in kettle reboilers, 524-527

Cross-flow heat exchangers, 180181
Crystallisation fouling, 862
Cyclic regenerators, 210, 895
calculation of, 905-906
Cyclohexane, saturation properties of, 990
Cyclopentane, saturation properties of, 989
Cylinders
coaxial, radiation between, 142-143
critical heat flux for pool boiling from, 455-458
fluid flow over, 69-70
drag coefficient for, 70
general equations for conduction in, 18
heat transfer from in cross-flow, 70-72
natural convection from, 116—117
overall heat transfer coefficient for, 155-161
steady-state conduction in, 21-23
with internal heat generations, 39-41

D

n-Decane, saturation properties of, 989
Density
of gases, at atmospheric pressure, 1018-1021
of metals, 1022-1025
of selected substances under saturation conditions,
983-1017
Density wave instability, in boiling, 485
Bouré and Mihaila method for estimating onset of,
530531
Design
of air-cooled condensers, 680-683
of multicomponent condensers, 627-628
approximate (Silver-Bell-Ghaly) method,
635~636
of plate-and-frame heat exchangers, 357
of plate-fin heat exchangers, 323-324
of shell-and-tube heat exchangers, 292295
of vapour generators, 479-481
limiting factors in, 481-485
Desuperheating, in condensers, 663668
dry-wall desuperheating, 664
wet-wall desuperheating, 664—-668
Bell’s approximate method for, 666—-668
detailed calculations, 664—668
Dew Point, 613-615
Dielectric heating, 928-932
energy penetration and uniform heating, 929
equipment selection for, 932
practical aspects, 929-931
frequencies, 929
loss factors of common materials, 930
voltage, 929
simple theory, 928-929
types of microwave applicators, 931
serpentine, 931
multimode, 931
types of radiofrequency applicators, 931-932
heating piaten, 931
staggered through field, 932
stray field electrode, 932



Diffuse emitter, 130
Dimethyl propane, saturation properties of, 984
Direct contact condensers
baffle column type, 655-656
spray type, 654656
Direct contact condensers, 725-745
bubble type, 726-729
theoretical models for, 740-744
drop-type, 725
drop heat transfer, 731-733
drop velocity and displacement, 730~731
film type, 726
condensation in packed bed, 739-740
correlation for, 738739
jet and sheet type, 726
theoretical models for, 734-738
Direct contact evaporators, 473-474, 563-565
Direct contact heat exchangers, 5, 698—722
for evaporation, 473-474, 563-565
gas-liquid contactors, 698-704
bubble columns, 699703
packed columns, 699
perforated plate columns, 699703
spray and jet contactors, 703
spray columns, 699
water cooling towers, 704, 747-776
liquid-liquid contactors, 704
solid-fluid contactors, 704-706
Direct contact heat transfer, 693—722
basic generic theory for, 706—722
for condensation duty, 725-745
baffle column type, 655-656
bubble-type, 726~729, 740-744
drop-type 725, 730-733
film-type, 726, 738-740
jet- and sheet-type, 726, 734-738
fluid dynamic models for, 715-722
flooding in packed columns, 719-722
flooding in tubes, 718-719
in spray columns, 717-718
in bubble columns, 715-717
gas-liquid heat transfer, 695-696
with gas phase continuous, 695
with liquid phase continuous, 695-696
liquid-liquid heat transfer, 696
solid-fluid heat transfer, 696
heat and mass transfer analogy, 714-715
NTU approach, 712-714
Dispersed bubbly flow, 392
Displaced enhancement devices, for enhancement of
heat transfer, 881
Dittus-Boelter equation, for turbulent heat transfer
in a pipe, 105
Double pipe heat exchangers, 233-261
advantages of, 235236
description of, 200201, 233-235
mechanical features of, 233235
multitube units, 260
parallel /series arrangement for, 247-253
thermal performance of, 236-260
mean temperature difference, 240-241
typical U and C values for, 223-225
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Double tube quench waste heat boiler, 493
Dowtherm A, saturation properties of, 1007
Dowtherm J, saturation properties of, 1008
Drag coefficient

for flow over cylinder, 70
Droplets, use in enhancement of heat transfer, 886
Drop-type direct contact heat exchanger, 725

drop heat transfer in, 731-733

drop velocity and displacement in, 730-731
Dropwise condensation, 574
Dryers, application of psychrometric chart to, 757-759
Dryout, see Critical heat flux

in fossil fuelled boilers, 488
Dry-wall desuperheating in condensers, 664
Dynamic instabilities, in boiling, 484485

density wave, 484485

due to compressible volumes, 484

parallel channel, 484

E

Effectiveness, of heat exchangers, 182-183
charts for estimation of, see Mean temperature
difference relationships
in plate-and-frame exchangers, 338
in regenerative heat exchangers, 905
table of equations for, 958
Efficiency, in thermodynamic cycles, 808-811
Efficiency, of fins, 31, 84-85, 88-89
Electrical heating, 915-936
dielectric heating, 928-932
energy penetration and uniform heating, 929
practical aspects, 929-931
simple theory, 928-929
types of microwave applicators, 931
types of radiofrequency applicators, 931-932
induction heating, 923-928
basic concepts, 924926
practical aspects, 926-927
infrared heating, 932-936
selection of equipment for, 936
resistance heating, 915-923
basic theory, 916-917
direct, 923
indirect, 917-923
Electrical resistivity, of metals, 919
Electrolux refrigeration cycle, 837
Emissive power
monochromatic, 121
total, 122
Emissivity
monochromatic directional, 126
of gases, 145-147
table of, for various surfaces, 128-130
total hemispherical monochromatic, 126
total (hemispherical), 127
total (monochromatic), 126
Emitter, diffuse, 130
Energy utilisation, in the process industries, 1-3
Engine driven heat pumps, 832-835
Engineering Sciences Data Unit, see ESDU
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Enhancement of heat transfer, 879-894
acceptance criteria for, 893
active methods for, 886~890
scraped surface exchangers, 886—889
surface vibration, 889
compound techniques, 890
in boiling and evaporation, 881-893
in condensation, 890—-891
passive methods for, 879-886
alternative methods for, 881
in forced convection heat transfer, 881885
in free convection heat transfer, 881
Enlargement, sudden, pressure drop in two-phase
flow in
homogeneous model for, 401
separated flow model for, 410
Enthalpy
in the air-water system, 756
Entrance length, in laminar flow heat transfer, 101
Equivalent diameter, 106-107
in plate-fin heat exchangers, 306
Equivalent laminar boundary layer model for convec-
tive heat and mass transfer, 59-60
ESDU (Engineering Sciences Data Unit) correlations
for heat exchanger effectiveness
example, 185
index to sources, 979-980
for heat transfer from plain tube arrays, 73~79
for heat transfer in low-finned tube arrays, 85-87
for heat transfer in high-finned tube arrays, 87-88
for turbulent heat transfer in tubes, 104
Ethane, saturation of properties of, 983
Ethanol, saturation properties of, 997
Ethyl acetate, saturation properties of, 1005
Ethyl benzene, saturation properties of, 993
Ethylene oxide, saturation properties of, 1003
Ethylene, saturation properties of, 994
Ethyl ether, saturation properties of, 1002
Evaporators, 537-571
direct contact, 563—565
film type, 537-552
climbing film, 550~552
failing film, 539-541
heat transfer in, 541-550
flash evaporation, 560-563
for heat pump systems, 820835
in refrigerators, 823
in liquefaction of gases, 829
multiple effect evaporators, 565570
selection of type, 565
with nucleate boiling, 552-560
basket type, 552-553
bayonet type, 560
helical coil type, 560
horizontal shell-side, 559560
long tube vertical, 553-557
plate-fin type, 557-558
short tube vertical, 552
spiral plate type, 558
Extended surfaces (see also Fins, Finned tube arrays)
in air-cooled heat exchangers, 367-371
in plate-fin heat exchangers, 298

F-correction factor

charts for, see Mean temperature difference rela-
tionship
definition of, 175

Falling films

heat transfer in evaporation, 541-550
smooth laminar film, 542—547
turbulent film, 550
wavy laminar film, 547-550

in evaporators, 539-541

Films, falling (see Falling films)

Film-type direct contact condenser, 726
condensation in packed bed, 739-740
correlations for, 738-739

Film-type evaporators, 537-552
climbing film, 550552
falling film, 539-541
heat transfer in, 541-550

smooth laminar film, 542-547
turbulent film, 550
wavy laminar film, 547-550

Filmwise condensation

combined gravity and shear controlled, 589-590
in horizontal tubes, 590-595

description, 573

gravity controlled
inside horizontal tubes, 593-595
on vertical flat plate, 574-580
outside horizontal tubes, 590-593

shear controlled, 589590
in horizontal tubes, 593

Finned tube arrays
geometric factors, 82—-84
high-fin tubes, 87-88
in air-cooled heat exchangers, 367368
low-fin tubes, 85-87

Fins
conduction in, 27-31
effectiveness of, 30
efficiency of, 31, 84-85, 88-89

in plate-fin exchangers, 315, 321-322

longitudinal, in double pipe exchanger, 253-259

Fire tube boilers
fossil fuel fired, 487-490
horizontal (cross-flow) waste heat, 497-498

Fixed bed regenerators, 211, 895
calculation of, 905-906

Flash evaporation, 560-590

Flashing, for vapour generation, 473, 561-563

“Flat pancake” waste heat boiler, 493

Flat plate
boundary layer on, 57-58
conduction in, 36—38
convective heat transfer from, 64—69

laminar flow, 64-65

turbulent flow, 65—66
critical heat flux for pool boiling from, 455-458
filmwise condensation on, 574-590



natural convection from, 111-116
overall heat transfer coefficient for, 155-158
radiation between, 148-149
Flooding (in countercurrent two-phase gas-liquid
flow), 417-420
as limitation of design of vapour generators,
482-483
in packed columns, 719-722
in reflux condensers, 418-420
Wallis correlation for, 418, 718-719
Flow enthalpy, 843
Flow patterns (in gas-liquid flow), 391-420
in cross-flow and shell-and-tube heat exchangers,
394-396
in horizontal tubes, 391394
Taitel and Dukler map for, 394-395
in inclined tubes, 394
in vertical tubes, 391
Hewitt and Roberts map for, 393
Flow stream analysis method for sheil-and-tube heat
exchangers, 285-292
Flue gas heated waste heat boilers, 491-492
horizontal tube type, 491-492
water-tube type, 491
Fluorine, saturation properties of, 1012
Forced convective boiling
critical heat flux in, 454—465
correlations for, 455458
heat transfer coefficients in, 448—449
in multicompound systems, 438—442
postdryout heat transfer in, 453-454
regimes in, 430-431
Forced draft air cooled heat exchangers, 366
Forced draft cooling towers, 747
Forster and Zuber correlation, for nucleate boiling,
443-444
Fossil fuel fired boilers, 487-490
circulation rate in, 488
dryout in, 488
fire-tube type, 487
instability in, 488
steam separation in, 488
water quality control in, 488
water-tube type, 487
Fouling, of heat exchangers, 857-877
antifoulants, 876
biological fouling, 863
chemical reaction fouling, 863
cleaning, 875
corrosion fouling, 864
crystallisation fouling, 862
economic penalties of, 875-876
effect of conditions on, 864-866
foulant concentration, 866
shear stress, 866
temperature, 864—865
velocity, 865
effect on heat transfer, 860
effect on pressure drop, 860-862
fouling resistance, 857860, 867
asymptotic or “plateau” value, 858
effect of turbulent bursts on, 859
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freezing fouling, 864
influence on operation of heat exchangers, 866-867
mixed fouling, 864
particulate fouling, 862—863
tables of, 872-874
variation with time, Kern-Seaton equation for, 858
Fourier’s law, of conduction, 12
Fourier number, 740
Freezing fouling, 864
Friction factor
definition of, 58
in homogeneous two-phase flow, 401
in pipe flow, 96-98
on flat plate, 64~69
Friedel correlation, for two-phase pressure drop in
pipes, 405-406
Fuels, characteristics of, 782~-783
gaseous, 782
solid and liquid, 783
Furnaces, 777-805
heat transfer in, 778-788
effect of tube geometry, 786788
heat balance in, 779-781
heat sink, 784-785
hot gas as heat source, 781-784
types used in process plants, 777

G

Gases, radiation in
Beer’s Law of absorption in, 144-145
emissivity calculation for, 145-147
heat transfer from gas to surface, 147-148
intervention in radiation between parallel plates,
148-149
Gasketed plate heat exchanger, see Plate-and-frame
heat exchanger
Gas-liquid contactors, for direct contact heat transfer
bubble columns, 699-703
heat transfer in, 698-703
packed columns, 699
perforated plate columns, 699-703
spray columns, 699
spray and jet contactors, 703
water cooling towers, 704, 747-776
Gas-liquid direct contact heat transfer, 695-696
with gas phase continuous, 695
with liquid phase continuous, 695-696
Gas-liquid flow, see Two-phase flow
Gas-to-gas heat exchangers, 207-210
Gas-to-liquid exchangers, 205-207
Gas turbines, 811-818
Brayton cycle for, 811-814
heat exchangers for heat recovery from, 813814
regenerators, 813
waste heat recovery, 813814
Graetz number, 102
Grant flow pattern map, for cross-flow over tube
banks, 398
Graphical method, for two-dimensional conduction,
32-36
Grashof number, 98, 110-111
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Gravity controlled filmwise condensation
inside horizontal tubes, 593-598
on vertical flat plate, 574-580
outside horizontal tubes, 590-593
Gregorig surfaces, for enhancement of condensation
heat transfer, 891
Groeneveld correlation, for postdryout heat transfer,
453

H

Heat conduction, see Conduction
Heat engines, 807, 811-820
Carnot cycle for, 809
efficiency and coefficients of performance of,
808811
gas turbines, 811-818
in process integration, 851-853
steam turbines, 818-820
Heat exchangers
air-cooled, 213, 365389
basic theory of, 155-195
effectiveness, 182-183
E/R/NTU method, 183-184
for cross-flow exchangers, 180181
for shell-and-tube exchangers, 170-179
general calculation method of, 162167
NTU, 183-184
P/R/NTU method, 184
8/NTU method, 184--193
overall heat transfer coefficient, 155-161
specific solutions for constant heat transfer co-
efficient and heat capacity, 167-181
temperature profiles in, 162-164
classification of, 4-7
compact, 213-214, 297-325
plate-fin type, 297-325
cyclic regenerators, 212, 895-896
design of networks of, by process integration,
849-851
direct contact, 5, 693-745
double pipe, 200-201, 233261
mechanical features, 233-235
multitubular units, 260
thermal performance, 236260
for waste heat recovery from gas turbines, 813~-814
gas-to-liquid, 205-207
gas-to-gas, 207-210
heat exchanger /process configuration, 4
heat pipe, 210-211
lamella, 204
plate-and-frame, 201-203, 327-363
heat transfer and pressure drop in, 331-335
thermal performance calculation of, 336-362
regenerative, 895-913
rotary regenerators, 212-213, 896897
scraped surface, 215, 886-889
selection of, 197-233
initial selection, 215
selection between feasible types (C-value
method), 215-231

shell-and-tube, 198—200, 263-296
heat transfer and pressure drop in, 269-295
mean temperature difference in, 170—179
mechanical features of, 265-269
spiral, 203-204
transmural, 5
welded plate, 205
with vapour condensation, see Condensers
with vapour generation, see Vapour generators
Heat loss, from pipe, effect of lagging on, 24-26
Heat pipe heat exchanger, 210-211
Heat pumps
engine driven, 832~835
in process integration, 851-853
refrigerators, 823829
evaporator systems for, 825-826
use in air conditioning, 829-832
use in liquefaction of gases, 829
vapour compression cycle, 820-823
Heat transfer
applications in the process industries, 2—4
associated with thermodynamics cycles, 807-839
by conduction, 12-55
by convection, 55-119
by radiation, 120-150
definition of, 11
effect of fouling on, 860
in agitated vessels, 937-954
in coils, 941-945
in jacket (and limpet coil), 940-941
in vessel wall and outside coils, 945-953
in boiling, 423-467
in direct contact, 693-722
in direct contact condensers, 725-745
in falling film evaporators, 541-550
in film condensation, 574590
in furnaces, 778-788
in heat exchangers, basic theory of, 155-195
in multicomponent condensation, 591-639
in plate-and-frame heat exchangers, 331-334
in plate-fin heat exchangers, 297-324
in reboilers, 504-515
in shell-and-tube heat exchangers, 269-285
Heat transfer coefficient
definition of, 12
in boiling, 423467
in forced convective boiling, 448—453
in nucleate pool boiling, 442-448
in postdryout region, 453454
in condensation, 573~576
on shell-side, 660-662
in convective heat transfer, 55-119
in falling film evaporators, 541-550
in plate-and-frame exchangers, 331-335
in plate-fin heat exchangers, 297-312
in shell-and-tube heat exchangers, 267
Bell-Delaware method, 275-285
flow stream-analysis method, 285-292
Kern method, 271-275
typical values of, 159
Heat transfer fluids, 231-232



Helical coils, see Coils
Helical coil evaporator, 560
Helical fire-tube waste heat boilers, 493
Helical ribbon agitators, for agitated vessels, 939
Helium,
gaseous, atmospheric pressure, properties of,
1019-1020
saturation properties of, 1012
n-Heptane, saturation properties of, 987
Heterogeneous nucleation of bubbles, 425-428
Hewitt and Roberts flow pattern map (for vertical
gas-liquid flow), 393
n-Hexane, saturation properties of, 987
High-fin tubes, 87-88
Homogeneous condensation, 573
Homogeneous density, in two-phase flow, 399
Homogeneous nucleation of bubbles, 425
Homogeneous (two-phase flow) model
continuity equation for, 399
for critical mass flow, 415
frictional pressure gradient from
in flow through changes of cross section and
round bends, 400-401
in pipe flow, 400
momentum equation for, 400-401
Horizontal fire-tube (cross-flow) waste heat boilers,
497
Horizontal shell-side evaporator, 557-558
Horizontal thermosyphon reboiler, 504-505
problems in design of, 515
Horizontal tubes
condensation heat transfer on inside of, 593594
condensation heat transfer on outside of, 590-593
critical heat flux in, 464-465
two-phase flow in, 391-396
Hottel string rule, for view factor, 136
Humidification, application of psychrometric chart to,
759-760
Humidity, 751752
relative, 756
Hydrogen
gaseous, atmospheric pressure, properties of, 1020
saturation properties of, 1013
Hydrogen chioride, saturation properties of, 1013
Hydrogen fluoride, saturation properties of, 1014
Hydrogen sulphide, saturation properties of, 1014

Inclined tubes, two-phase flow patterns in, 394
Immiscible liquid condensation, 574
Indirect electrical resistance heating, 917923
sheathed elements for, 918-922
unsheathed elements for, 918
Induced draft air-cooled heat exchangers, 366367
Induced draft cooling towers, 747
Induction heating, 923-928
basic concepts, 924926
power absorbed, 926
skin effect, 924
practical aspects, 926-928
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Inertia, effect on film-wise condensation, 578—-579
Infrared heating, 932936
Instability, in boiling, 483-485
Bouré and Mihaila method for estimation of onset,
530
dynamic instabilities, 484485
due to compressible volumes, 484
density wave, 484485
parailel channel, 484
in fossil fuel fired boilers, 487
static (Ledinegg) instability, 483
Interfacial shear stress, effect of condensation on,
599-604
Intermittent (gas-liquid) flow, 392
Internai flow, heat transfer in, 98—-108
Internal heat generation, conduction with, 3642
Internal reboiler, 499
Irradiation, total, 131
Isobutane, saturation properties of, 985
Isopentane, saturation properties of, 986

J

Jackets, for agitated vessels, heat transfer in, 940~941

Jacob number, 738

Jet and sheet type direct contact condenser, 726
theoretical models for, 734-738

Joule effect, for heating, 917

K

Kern method, for heat transfer and pressure drop in
shell-and-tube exchangers, 271-275
Kern-Seaton equation, for variation of fouling resis-
tance with time, 858
Kettle reboiler, 499501
heat transfer and circulation in, 506—-512
homogeneous model for calculation of, 531-534
problems in design of, 515
Kirchhoff’s Law, 132-135
Kosky and Staub analysis for turbulent, shear con-
trolled film-wise condensation, 583—-588

L

Lagging, effect on heat losses from pipe, 24-26
Lambert’s cosine law, for radiation intensity, 124
Lamella heat exchanger, 204
Laminar flow
developing, in a pipe, 57, 94
enhancement of heat transfer in, 883, 886—889
forced convection heat transfer in, 99-104
in the entrance region, 99-102
friction factor and pressure drop for in a pipe,
9697
in fully developed flow, 103104
fully developed, in a pipe, 94-97
in filmwise condensation
gravity controlled, 574-580
shear controlled, 580589
in plate-fin heat exchangers, 306307
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transition between laminar and turbulent flow in a
pipe, 56
Ledinegg (static) instability in boiling, 483-484
Lewis number, 617
Lewis relationship, 617
application in air-water system, 754
Limpet coils, for agitated vessels, heat transfer in,
940941
Linde high flux surface, 892
Liquefaction of gases, 829
Liquid-gas flow, see Two-phase flow
Liquid-liquid contactors, for direct contact heat
transfer, 704
Liquid-liquid direct contact heat transfer, 696
Ljunstrom regenerators, see Rotary regenerators
Lockhart and Martinelli correlations for two-phase
flow
pressure drop, 401
void fraction, 413-414
Logarithmic mean temperature difference
in double pipe exchanger, 239
in pure countercurrent flow, 166-169
in pure cocurrent flow, 169-170
Long-tube vertical evaporator, 553~557
Loss factors (dielectric) for common materials, 930
Low-fin tubes, 85-87

M

McNaught equation, for condensation in cross flow
over tube arrays, 661
Maldistribution
in air cooled heat exchangers, 684
as limitation in design of vapour generators, 483
Martinelli-Nelson correlations two-phase flow
for frictional pressure drop, 401
for void fraction, 403, 413
Martinelli parameter (X), 403
Mass transfer
in binary mixtures, 606-612
in multicomponent mixtures, 617
Matrix heat exchangers, see Plate-fin heat exchangers
Maximumn heat transfer rate, in heat exchangers,
182-183
Mean temperature difference
in air-cooled heat exchangers, 372-387
basic theory, 155-195
in condensation in shell-and-tube heat exchangers,
662-663
in cross-flow exchangers, 180~181
in double pipe exchangers, 239-241
in plate-and-frame heat exchangers, 337-338
in shell-and-tube exchangers, 170-179
Mean temperature difference relationships
charts for shell-and-tube exchangers
2-tube pass, 1-series shell, 175(F), 187, 961 (F, 6)
2-tube pass, 2-series shell, 178(F), 962 (F, 6)
2-tube pass, 3-series shell, 178(F), 963 (F, §)
2-tube pass, 4-series shell, 179(F), 964 (F, 6)
2-tube pass, 5-series shells, 965 (F, §)
2-tube pass, 6-series shell, 179(F), 966 (F, 6)
2-tube pass, G shell, 969 (F, 6)

1-tube pass, T shell, 967 (F, 6)
2-tube pass, J shell, 968 (F, 8)
cross-flow heat exchangers (with one cross-flow
stream unmixed)
with other stream unmixed, 179%(F), 188, 377
(F, 8)
two pass U-tube, 179(F), 378, 975 (F, 6)
one tube row, one pass, 373, 971, (F, 6)
two tube rows, one pass, 374, 972 (F, 6)
three tube rows, one pass, 375, 973 (F, 6)
four tube rows, one pass, 376, 974 (F, 9)
three tube rows, three passes, 379, 976 (F, 9)
four tube rows, four passes, 380, 977 (F, 6)
four tube rows, two passes, 978, (F, 6)
Melting points
of metals, 10221025
of selected substances, 983-1017
Merkel integral, 765
Merkel method, for prediction of cooling towers,
762-771
British Standard quadrature method for, 765
Merkel integral, 765
packing function, 765, 768
Mercury, saturation properties of, 1015
Metals
electrical resistivity of, 916
thermophysical properties of, 1022-1025
Methane, saturation properties of, 983
Methanol, saturation properties of, 997
Methyl acetate, saturation properties of, 1004
Methyl-t-butyl ether, saturation properties of, 1003
Microwave heating, 928-932
types of applicators for, 931
multimode, 931
serpentine, 931
Minimum energy requirements, in heat exchanger
networks, 841-853
Molecular weight, of selected substances, 983-1017
Momentum equation (two-phase flow)
homogeneous model, 400401
separated-flow model, 400-401
Monochromatic absorptivity
directional, 132
hemispherical, 132
Monochromatic emissive power, 121
Moody chart, for pipe flow friction factor, 97
Multicomponent boiling, 433-442
in pool boiling, 436438
in forced convective boiling, 438-442
Multicomponent condensation, 599-639
Colburn-Drew method, for binary
vapour condensation in shell-
and-tube heat exchangers, 619-624
Colburn-Hougen method, for condensation
in presence of in condensable
gas, 619-624
equivalent laminar films model for, 599-603
effect of condensation on heat transfer between
gas and interface in, 604—-606
effect of condensation on shear stress in, 599-603
mass transfer effects, 606-613



Multiple effect evaporators, 565~570
Multitubular double pipe heat exchanger, 260

N

Natural convection heat transfer, 108-120
combined with radiation, 143-144
enhancement of, 881, 886-889
for upwards facing surface and three-dimensional
objects, 114--115
from downwards facing surface, 113114
from vertical flat plates, 111-113
laminar, 111-112
turbulent, 112113
in cavities, 117-119
mechanisms of, 109
nondimensional numbers for, 109-111
Natural draft cooling towers, 747-749
Neon, saturation properties of, 1012
Network, heat exchanger, design of using process
integration, 849-851
Nitrogen
gaseous, atmospheric pressure, properties of, 1020
saturation properties of, 1016
Noise generation, in air-cooled heat exchangers,
684—-685
n-Nonane, saturation properties of, 988
Nonproximity agitators, for agitated vessels, 939
Normal boiling point, of selected substances,
983-1017
NTU
charts for, see Mean temperature difference rela-
tionships
definition of, 183
use in direct contact heat transfer, 712-714
Nucleate boiling
in cross flow boiling, 430-432
in evaporators, 552-558
in forced, convective boiling, 429430
in multicomponent boiling, 433-438
in pool boiling, 428429
Nucleation, of bubbles, 423-428
critical radius for, 425
heterogeneous, 425-427
homogeneous, 425
Number of transfer units, see NTU
Nusselt number
definition of, 61
relation to equivalent laminar layer thickness, 605
Nusselt relationships for condensation
on outside of horizontal tube, 590
in tube array, 660
on a vertical surface, 574578
effect of interfacial waves on, 579
effect of sub-cooling and inertia on, 578
effect of turbulence on, 579-580
effect of vapour superheat on, 578-579

o

n-Octane, saturation properties of, 988
Overall heat transfer coefficient
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in air-cooled heat exchangers, 371
derivation of, 155-158
for cylindrical wall, 157-158
for flat plate, 155-157
in double pipe exchanger, 239
typical values for, 220-229
air-cooled heat exchangers, 229
double pipe exchangers, 223-225
gasketed plate exchangers, 226-227
shell-and-tube exchangers, 220--222
Oxygen
gaseous, atmospheric pressure, properties of, 1021
saturation properties of, 1016

P

Packed columns
condensation in, 738-739
flooding in, 719-722
for direct contact heat transfer, 699
Packing function, cooling towers, 765
Packings
in cooling tower, 765
pressure loss in, 772
Pancake (flat) waste heat boiler, 493
Parallel channel instability, in boiling, 484
Parallel /series arrangements, in double-pipe heat ex-
changers, 247-253
Particles, use in augmentation of heat transfer, 885
Particulate fouling, 862863
Passive methods, for enhancement of heat transfer,
879-886
Peclet number, 742
n-Pentane, saturation properties of, 986
Perforated plate columns, for direct contact heat
transfer, 699-703
Performance calculations, in plate-fin heat exchang-
ers, 312-323
Phenol, saturation properties of, 1000
“Pinch” in process integration, 844-849
Pinch technology, see Process integration
Pipe lagging, effect on heat losses, 24-26
Pipes, see Tubes
Pipes,
convective heat transfer in, 104—-108
natural convection from outside of, 116-117
Planck’s distribution law, for emissive power, 121
Plate-and-frame heat exchangers, 327-363
advantages and disadvantages, 329-330
applications of, 327-329
configuration of, 335--336
corrugation forms in, 330-331
description of, 201-202, 327-330
for condensation duty, 652-653, 687-690
heat transfer coefficient in, 690
pass arrangement for, 687688
pressure drop in, 689
heat transfer and pressure drop in, 330-335
inlet and outlet pressure losses, 335
plate heat transfer, 331-334
pressure losses in plate, 335
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thermal performance calculations of, 336357
design for specific duty, 357
effectiveness in, 338
mean temperature difference, 337-338
single pass counterflow, 339345
two-pass /one-pass, 347-357
two-pass / two-pass, 345-347

typical U and C values for, 224-226

Plate exchanger, see Plate-and-frame heat exchanger,

Welded plate exchanger, Plate-fin exchanger
Plate-fin heat exchangers, 297325
comparison of alternative geometries, 308-310
for condensation duty, 653-654, 690-691
design procedure, 323324
for evaporation duty, 557-558
extended surface geometries, 298
heat transfer and pressure drop, 298-312
for laminar flow, 301-307
for turbulent flow, 307-308
interrupted fin systems, 308-310
performance calculations, 312323
structural features of, 297298
“Plateau” resistance, due to fouling, 858
Plug flow
in horizontal tubes, 392
in vertical tubes, 391
Plug flow furnace model, 798-804
Pool boiling
critical heat flux in, 454-458
heat transfer correlations for,
in film boiling, 453
in multicomponent systems, 433439
in nucleate boiling, 442—-448
regimes in, 428~429
Post-dryout heat transfer, 453-454
in forced convection boiling, 453
in pool boiling, 453
Power generation, heat transfer in, 3
Prandtl number
definition of, 61
of gases, at atmospheric pressure, 1018-1021

of selected substances under saturation conditions,

983-1017
Pressure drop

in cooling tower packings, 772-775
effect of fouling on, 860862
equilibrium, across curved interface, 423-425
in finned tube arrays, 89-93
in pipe flow, 96-98
in plain tube arrays, 79-80
in plate-and-frame heat exchangers, 335
in plate-fin exchangers, 306-308

in laminar flow, 306-307

in turbulent flow, 307-308
in shell and tube condensers, 673
in shell-and-tube heat exchangers, 269-295
in two-phase, gas-liquid flow, 401-413

in changes of cross section and around bends,

401-402, 410-412
in shell-and-tube heat exchangers, 412—413
in tubes, 401, 403—406

Pressure drop multipliers, for two phase flow, defini-

tion of, 403
Process change, in process integration, 854
Process gas heated waste heat boilers, 492498
bayonet tube boilers, 493
double quench tube boilers, 493
“flat pancake” type, 493
helical fire tube type, 493
horizonta! fire tube {cross flow) type, 497
thin-tube-sheet type, 497
U-tube type, 493-494
vertical calandria type, 492493
Process heaters, 777
central tube wall double fired, 779
horizontal tube “cabin” heater, 778
vertical cylindrical, 778
Process industries
applications of heat transfer in, 2-4
in air conditioning and space heating, 4
with biological reactions, 2
with chemical reactions, 2
in power generation, 3
with physical changes, 3
in waste heat recovery, 4
energy utilisation in, 1-3
Process integration, 841855
composite curves, 841849
minimum energy requirements, 843
the “pinch”, 844, 848
heat engines and heat pumps in, 851-853
heat exchanger network design, 849~851
stream splitting and mixing, 850-851
limitations of, 854
process change, 854
Propane, saturation properties of, 980
1-Propanol, saturation properties of, 994
2-Propanol, saturation properties of, 998
Propeller agitators, for agitated vessels, 939
Propylene, saturation properties of, 995
Propylene oxide, saturation properties of, 1000
Proximity agitators, for agitated vessels, 939
Psychrometric chart, 756-762
application to dryers, 757-759
application to humidification, 761-762
application to mixing of streams, 759-760
Psychrometric ratio, 755
Pumped reboiler, 516
Pure cocurrent flow hat exchanger, 169-170
logarithmic mean temperature difference
169-170
Pure counterflow heat exchanger, 167169
logarithmic mean temperature difference
168-169

Q
Quality (in two-phase flow), definition of, 396
R

Radiation, 120~150
between reflecting surfaces, 141-143

in,

in,



between surfaces, view factor, 135~141
blackbody radiation, 120-126
combined with natural convection, 143144
from real surfaces, 126—-131
in gases, 144-150
to real surfaces, 131-135
Radiative heat transfer, see Radiation
Radiofrequency heating, 928-932
equipment selection for, 932
types of applicators for, 931-932
heating platen, 931
staggered through field, 932
stray field electrode, 932
Radiosity, 136
Rankine cycle, 818-820
Rating
of air-cooled heat exchangers, 371-387
of shell-and-tube heat exchangers, 292-295
Reboilers, 499-535
horizontal thermosyphon type, 504-505
problems in design of, 515
instability in, 530-531
Bouré and Mihaila method, 530-531
internal type, 499
kettle type, 499-501
heat transfer and circulation in, 507-512
homogeneous method for calculation of, 531-534
problems in design of, 515
vertical thermosyphon type, 501-504
heat transfer and circulation in, 512-515
homogeneous method for calculation of, 531-534
nozzle arrangements for, 502
problems in design of, 515
pumped reboilers, 516
rating calculation for, 515-526
selection between types, 505-506
Reciprocity relationship, for radiation view factor,
140
Recuperative heat exchangers, definition, 4
Reduced lengths, in regenerative heat exchanger de-
sign, 900
Reflecting surfaces, radiation between, 141-143
Reflux condensers, 646
air-cooled, 679
flooding in, 416418
Refrigerant 12, saturation properties of, 1000
Refrigerant 13, saturation properties of, 1001
Refrigerant 21, saturation properties of, 1001
Refrigerant 22, saturation properties of, 1002
Refrigerators
absorption cycle, 835-837
vapour compression cycle, 823-829
Regenerative heat exchangers, 895-913
cyclic (fixed bed) regenerators
calculation of, 905-906
description of, 212, 895-897
definition, 4
design of, 897-912
effects of geometry, 908
effects of material thermal conductivity, 969-912
parameters for, 900
symmetric counterflow system, 901-905
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theoretical model for, 897-900
rotary regenerators
calculation of, 905-906
description of, 212-213, 896-897
Regenerators
for gas turbine systems, 811-814
in liquefaction of gases, 829
Relative humidity, 756
Resistance, due to fouling, see Fouling
Resistance heating (electrical), 915-923
basic theory of, 916-917
direct heating, 923
indirect heating, 917-923
sheathed elements, 918-922
unsheathed elements, 918
Resistivity, electrical, of metals, 917
Reynolds analogy, 62-63
Reynolds number, definition of
for a flat plate, 64
for a pipe, 56
Rib roughness, effect on heat transfer, 882
Rohsenow correlation, for nucleate boiling, 444
Rotary regenerators, 212-213, 896-897
calculation of, 905-906
Rough surfaces, for enhancement of heat transfer,
881

S

Saturation pressure/temperature data of selected
substances, 983-1017
Schlunder method, for multicompound boiling, 438
Schmidt correlation, for in-line arrays of high-fin
tubes, 88
Scraped surface heat exchangers, 215, 886-889
Seider-Tate equation, 106
Selection of heat exchangers, 197-232
for condensation duty, 644-646
for evaporation duty, 565
initial selection, 215
for reboiling duty, 505-506
survey of available types, 198-215
selection between feasible types, 215-231
C-value method, 215-231
Semiinfinite solids, transient conduction in, 44—47
with harmonically varying surface temperature,
44-47
with sudden increase in surface temperature, 44
Separated flow model (two-phase flow)
continuity equation for, 400
frictional pressure gradient in tubes from, 403-406
momentum equation for, 400-401
pressure drop in changes of cross section and bends
from, 410
Shape factor, in two-dimensional conduction, 34-36
Shear controlled filmwise condensation, 580-589
in horizontal tubes, 593-595
Shear stress, effect on fouling, 866
Sheathed elements, for indirect electrical resistance
heating, 918-922
Shell-and-tube heat exchangers, 263-296
for condensation duty, 646—650



1040 Process Heat Transfer

condensation of multicomponent mixtures in,
668—-673
desuperheating and subcooling in, 663668
horizontal tube-side, 646
horizontal shell-side, E-shell, 647
horizontal shell-side, J-shell, 647
horizontal shell-side, rod baffled, 649
mean temperature difference in, 662-663
mixtures in, 668—-673
pressure drop in, 673
shell-side heat transfer in, 660-662
vertical reflux, in-tube, 646
vertical shell-side, 646
vertical tube-side, 646
description of, 198-200
design process for, 263-265
heat transfer and pressure drop calculations for,
269-295
Bell-Delaware method, 275-285
flow-stream analysis method, 285-292
Kern method, 271-275
mean temperature difference in, 170-179
multiple shells, 176-177
two-pass exchanger, 170-176
mechanical features of, 265-269
baffles, 267-269
shell types, 265
tube bundles, 265-267
rating and design of, 292-295
two-phase flow patterns in, 394-396
two-phase pressure drop in, 412—413
typical overall coefficient and C-values for, 218-220
Sherwood number
definition of, 61-62
relation to equivalent laminar layer thickness, 616
Short-tube vertical evaporator, 552
Silver-Bell-Ghaly method for approximate design of
multicomponent condensers, 635639
application to muitipass shell and tube heat ex-
changers, 668673
Skin effect, in induction heating, 920
Slab, thick, transient conduction in, 49-55
Slip ratio, in two-phase flow, definition of, 397
Slug flow
in horizontal tubes, 392
in vertical tubes, 391
Soil, transient conduction in, with sinusoidally varying
interface temperature, 46-47
Solid-fluid contactors, for direct contact heat transfer,
704-706
Solid-fluid direct contact heat transfer, 696
Space heating, heat transfer in, 4
Specific heat capacity, of selected substances under
saturation conditions, 9831017
of metals, 10221025
Spheres
general equations for conduction in, 18
steady state conduction in, 23-24
Spiral exchanger, 203-204
for evaporation duty, 557-558
Spiral plate evaporator, 558
Spray columns for direct contact heat transfer, 699

fluid dynamics of, 717-718
Stanton number, 616
Static (Ledinegg) instability in boiling, 483-484
Steam generators, 487-498
fossil fuel fired boilers, 487-491
circulation rate in, 488
dryout in, 488
fire-tube type, 487
instability in, 488
steam separation in, 488
water quality control in, 488
water-tube type, 487
waste heat boilers, 491-498
flue gas heated types, 491-492
process gas heated boilers, 492-498
Steam separation, in fossil fuel fired boilers, 488
Steam turbines, 818-820
Rankine cycle for, 818—-820
Stefan-Boltzmann constant, 122
Stefan-Boltzmann law, for emissive power, 122
Stephan and Korner method, for multicomponent
boiling, 436-437
Stratified flow
in cross-flow over tube banks, 397
in horizontal tubes, 391
Stratified wavy flow, 392
Stream analysis method, for shell-and-tube heat ex-
changers, 285-292
Stream mixing, in process integration, 850—851
Subcooling, effect on filmwise condensation, 578
Sudden enlargement, see Enlargement, sudden
Summation rule, for radiation in cavities, 140—-141
Superheat, vapour, effect on condensation, 578-579
Surface tension, of selected substances under satura-
tion conditions, 983-1017
Surface treatment, for enhancement of heat transfer,
881
Swirl flow, for enhancement of heat transfer, 881
Symmetric counterflow regenerators, 901-905

T

Taitel and Dukler flow pattern map (for horizontal
gas-liquid flow), 395
TEMA standards for shell-and-tube heat exchangers,
265-269
Temperature profiles
in heat exchangers, 162164
in shell-and-tube condensers condensing multi-
component mixtures, 668—673
in vapour generators, 479-481
Thermal conductivity, 13-16
of gases, at atmospheric pressure, 1018-1021
of metals, 1022-1025
of selected substances under saturation conditions,
983-1017
Thermal diffusivity, 44
of gases, at atmospheric pressure, 1018-1021
of metals, 1022-1025
Thermal effectiveness, 183
in regenerative heat exchangers, 905



Thermal expansion coefficient, for selected sub-
stances under saturation conditions, 983-1017
Thermal radiation, see Radiation
Thermal resistance, general expression for, 26-27
Thermodynamic cycles, heat transfer associated with,
807-839
absorption cycles, 835-838
Electrolux refrigeration cycle, 837-838
simple absorption cycle refrigerator, 835-837
heat engines, 807, 811820
gas turbines, 811-818
steam turbines, 818-820
heat pumps, 807, 820-835
air conditioning duty, 829-831
engine driven, 832-835
heating by, 829835
liquefaction of gases by recycling, 829
refrigerators, 823--829
vapour compression cycle, 820-823
Thermosyphon reboilers
horizontal, 504-505
problems in design of, 515
vertical, 501-504
heat transfer and circulation in, 512515
homogeneous method for calculation of, 531-532
nozzle arrangement for, 512
problems in design of, 515
rating calculation for, 517-526
Theta ()
charts for, see Mean temperature difference rela-
tionships
definition of, 183-184
table of equations for, 956
Thome method, for multicomponent boiling, 436
Toluene, saturation properties of, 991
Total absorptivity, 132
Total emissive power, 122, 125
Total irradiation, 131
Transient conduction, 42—-55
diffusion of heat in, 42-43
thermal diffusivity, 44
in semiinfinite solids, 44-47
with harmonically varying surface temperature,
44-47
with sudden increase of surface temperature, 44
in thick slab with convection on one side and
insulated on other, 49-51
in thick slab with radiation on one side and insu-
lated on other, 51-55
with convection and radiation, 47-55
Biot number, 47
lumped parameter model, 49
Transmural heat exchangers, 5
Tube arrays
condensation in, 659-660
McNaught equation for, 661
Nusselt equation for, 660
finned, heat transfer in, 82-89
geometrical factors, 82-84
high-fin tubes, 87-88
tow-fin tubes, 85-87
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finned, pressure drop in, 89-93
plain, heat transfer in, 73-79
ESDU correlation for, 73~-79
plain, pressure drop in, 79-80
two-phase flow patterns in, 397
two-phase pressure drop in flow over, 412-413
Tube banks, see Tube arrays
Tubes
boiling heat transfer in, 429—442
condensation heat transfer on outside of, 590-593
horizontal, 593-595
heat transfer in, 94-108
pressure drop in, 96-98
two-phase flow patterns in, 391-394
in horizontal tubes, 391-393
in inclined tubes, 394
in vertical tubes, 391
Tubular Exchanger Manufacturers Association, see
TEMA
Turbine agitators, for agitated vessels, 939
Turbulent bursts, effect on fouling, 859
Turbulent flow
developing, in a pipe, 57
enhancement of heat transfer in, 883
friction factor for, in pipe flow, 97-98
in condensing falling films, 579
in plate-fin heat exchangers, 307-308
in shear controlled condensation, 580—588
internal heat transfer in, 104—108
in entrance length, 104~-105
in fully developed flow, 105-108
transition between laminar and turbulent flow in a
pipe, 56
Twisted tapes, for enhancement of heat transfer, 884,
892
Two-phase density, definition of, 397
Two-phase (gas-liquid) flow, 391-420
basic equations for, 396-401
homogeneous model, 399-400
separated flow model, 400401
critical mass flux in, 416417
flooding in, 417-420
flow patterns in, 391-396
in cross-flow, 394-396
in horizontal tubes, 391-394
in inclined tubes, 394
in vertical tubes, 391
pressure drop in, 401-409
in changes of cross section and bends, 401,
410-412
in cross-flow, 412-413
in shell-and-tube heat exchangers, 412-413
in tubes, 401, 403-410
void fraction in, 413-416

U

Unsheathed elements, for indirect electrical resis-
tance heating, 918
U-tube waste heat boilers, 493-494
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Vv

Vapour generators, 469-485
basic design of, 479-481
classification of, 469-479
according to function, 469470
according to geometry, 475
according to heat source, 474-475
according to mode of heat transfer, 470474
limiting factors in design of, 481-485
counterflow flooding, 482-483
dryout and critical heat flux, 482
instability, 483485
maldistribution, 483
temperature profiles in, 479
Vapour-liquid equilibrium
calculation of multicomponent
bubble point, 613
dew point, 613
equilibria, 613-615
for multicomponent systems, 434436
Azeotrope formation, 435
for single component fluid, 423-425
for curved interface, 423
for planar interface, 423-424
Vertical calandria waste heat boilers, 492
Vertical thermosyphon reboiler, 501-504
heat transfer and circulation in, 512-515
homogeneous method for calculation of, 531~532
nozzle arrangement for, 513
probiems in design of, 515
rating calculation for, 515-526
Vertical tube
evaporators,
long tube, 553-554
short tube, 552
two-phase flow patterns in, 391
Vibration, surface, in enhancement of heat transfer,
889
View factor, in radiation
definition of, 135
Hottel string rule for, 136
in cavities, 137-139
reciprocity relation for, 136
Viscosity
of gases, at atmospheric pressure, 10181021
of selected substances under saturation conditions,
983--1017
VLE, see Vapour-liquid equilibrium
Void fraction
definition of, 396
in cross-flow, 527
Lockhart and Martinelili correlation for, 404, 413
Martinelli-Nelson correlation for, 402, 413

w

Wallis correlation, for flooding in two-phase gas-liquid
countercurrent flow, 418
Waste heat boilers, 491498
flue gas heated types, 491-492
horizontal tube boilers, 491492
water tube boilers, 491
for gas turbine systems, 813—814
process gas heated types, 492-498
bayonet tube boilers, 493
double tube quench boiler, 493
“flat pancake” type, 493
helical fire tube type, 493
horizontal fire tube (cross flow) boiler, 497
thin-tube-sheet type, 497
U-tube type, 493-494, 496
vertical calandria type, 492-493
Waste heat recovery, heat transfer in, 4
in gas turbine cycle, 813-814
Water
gaseous, atmospheric pressure, properties of, 1021
saturation properties of, 1014
Water cooling towers, see Cooling towers
Water quality control, in fossil fuel fired boilers, 488
Water tube boilers, 487-490
flue gas heated, 491492
fossil fuel heated, 487
Waves, interfacial, effect on condensation, 579
Welded plate heat exchanger, 205
Well-stirred furnace model, 789-798
Wet bulb temperature, 752-756
Wet wall desuperheating, in condensers, 664—668
Bell’s approximate method for, 666—668
detailed calculation, 664—666
Wills and Johnson method for pressure drop and
heat transfer in shell-and-tube heat exchang-
ers, 285-292
Wire wound tubular inserts, for heat transfer en-
hancement, 880
Wispy annular flow, 391

X

m-Xylene, saturation properties of, 991
o-Xylene, saturation properties of, 992
Pp-Xylene, saturation properties of, 992

y 4

Zuber theory, for critical heat flux in pool boiling,
454-455
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