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In the 1960s the Education Development Center produced
several films for the National Committee for Fluid Mechanics Films.
It made 16mm sound films, each one taking about 30 minutes to
project, and 8mm (super, standard or both) film loops in cassettes,
each taking typically four minutes. Most of the loops contain edited
excerpts from the long films. Many of the films are of demon-
strations and experiments of hydrodynamic instability, and most of
these are excellent. The long films are for hire or sale, and the loops
for sale.T They are distributed in the United States and many other
countries by the Encyclopaedia Britannica Educational Corpora-
tion, 310 South Michigen Avenue, Chicago, Hlinots 60604, and
elsewhere by some special distributors.

16mm Films

Bryson, A. E. (F1967). Waves in fluids. B/W-No. 21611. [p. 20.]

Long, R. R. (F1968). Stratified flow. Color-No. 21618. [p. 22.]

Mollo-Christensen, E. L. (F1968). Flow instabilities. Color-No.
21619. [pp. 14,.31.]

Stewart, R. W. (F1968). Turbulence. Color-No. 21626. [p. 4.]

Trefethen, L. M. (F1965). Surface tension in fluid mechanics.
Color-No. 21610. [p. 27.]

8mm Film Loops

Brown, F. N. M. (FL1964). Stages of boundary-layer instability and
transition. B/W-No. S-FM092. [p. 239.]

Bryson, A. E. (FL1967). Small-amplitude gravity waves in an open
channel. B/W-No. S-FM139. [p. 20.]

+ The loops and long films are no longer available, but the long films have been copied
on to videos which are for sale now (2003).
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Coles, D. (FL1963a). Instabilities in circular Couette flow. B/W-No.
S-FMO031. [pp. 108, 447.]

Coles, D. (FL.1963b). Examples of turbulent flow between concentric
rotating cylinders. B/W-No. S-FM032. [pp. 108, 447.]

Dattner, A. (FL1963). Current-induced instabilities of a mercury jet.
B/W-No. S-FM046. [p. 340.]

Fultz, D. (FL1964). Inertia oscillations in rotating fluid. B/W-No.
S-FM044. [pp. 77, 121.]

Fultz, D., Kaylor, R. & Hide, R. (FL1965). Buoyancy-induced
waves in rotating fluid. Color-No. S-FM043. [p. 334.]

Lippisch, A. M. (FL1964). Tollmien-Schlichting waves. B/W-No.
S-FMO023. [p. 239.]

Mollo-Christensen, E. L. (FL1968a). Examples of flow instability
(Part I). Color—-No. S-FM146. [p. 33.]

Mollo-Christensen, E. L. (FL1968b). Experimental study of a flow
instability. B/W-No. S-FM148. [p. 14.]

Mollo-Christensen, E. L. & Wille, R. (FL1968). Examples of flow
instability (Part II). Color-No. S-FM147. [p. 22.]

Stewart, R. W. (FL1968). Laminar and turbulent pipe flow. Color—
No. S-FM134. [p. 4.]

Trefethen, L. M. (FL.1965). Breakup of liquid into drops. Color-No.
S-FMO076. [p. 27.]
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absolute instability, 13, 152
Airy functions, generalized, 172,
465-78
asymptotic expansions of, 469,
473
connexion formulae, 471, 475
differential equations for, 467,
472
integral representations,
470, 472, 474
recursion formula, 468, 473
rotation formulae, 467,473, 474
Wronskians, 466, 471-2, 475-7
zeros, 477-8
amplitude equation, 377
annular cells, 67, 439
anti-Stokes lines, 169-70, 268
anti-Stokes sectors, 267
asymptotes to the curve of marginal
stability
for boundary layers, 185, 191,
250
for channel flows, 185, 191, 249
for the Bickley jet, 237, 250
for the hyperbolic-tangent shear
layer, 250
asymptotic expansions
in the complete sense of Watson,
252,268
Poincaré’s definition, 253, 268
asymptotic matching principle, 178,
276
asymptotic stability, 8-9, 11, 400
global, 374, 400
asymptotic suction boundary layer,
119, 123, 227-9, 245

466,

attraction, domain of, 400
attractors, 401
Lorenz, 401, 462
strange, 399, 401
autonomous systems, 400

balanced solutions, 267, 269, 271
baroclinic instability, 333-9, 365
an energy integral for, 365
basic flow, 8
behaviour variable, 411
Bénard convection, 32 et seq.
applications of, 62
effect of a solute on, 63-5
effect of internal heating on, 63
effect of rotation on, 63, 67
energy method for, 464
experimental results for, 59-62
nonlinear theory of, 435-42
Segel’s nonlinear model of, 460
Benjamin-Feir instability, 360, 398
Bickley jet, 196, 198, 233-7, 250,
364, 457
bifurcation, 372
Hopf, 403-5
Landau, 372 et seq.
pitchfork, 407
transcritical, 414, 439
bifurcation theory, 402-7, 463
bimodal instability, 438
Blasius boundary layer
experimental results for, 239-43
linear stability of, 119, 224-7
nonlinear stability of, 454-5
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Blasius boundary-iayer profile, 224
boundary conditions
free—free, 42
free-rigid, 42
free surface, 40-1
‘jump’, 121, 144, 201, 331
rigid-rigid, 42
boundary layer, free-convection,
140 fn., 207
boundary layer at separation, 229-
31
bounds on flow quantities, 431
Boussinesq approximation, 35-7
Brunt-Viisila frequency, 323
buoyancy frequency, 323
Burger number, 336
Burgers equation, 458

capillary instability, 22, 28, 30
role of vorticity in, 30
capillary instability of a jet, 22-7,
30
capillary waves, 28, 397
catastrophe set, 413
catastrophe theory, 413
‘cat’s eye’ pattern, Kelvin's, 141,
421
cell patterns
annular, 67
annular cells with a side wall, 67,
439
for Bénard problem, 52-9
hexagonal, 56
rectangular, 55
roll, 55
square, 55
centre manifold theorem, 399
central matching problem, 276
centrifugal instability, 69 er seq.
of an inviscid fiuid, 71-88
of Couette flow, 82-108
of flow in a boundary layer on a
concave wall, 116-20
of flow in a curved channel, 108-
12

Charney-Stern problem, 365
columnar vortex, oscillations of,
121
common part, 174
comparison equation, 252, 285
integral representations of the
solutions of, 319
comparison-equation
251-2, 285-90
composite approximations
of additive type, 123, 180, 278
of multiplicative type, 174, 278
of Tollmien type, 179-80
compound matrix method, 311-17,
319
control plane, 411
control variable, 411
convected instability, 13, 152
Couette flow
experimental results for, 104-8
linear stability of, 82-108
nonlinear stability of, 442-9
plane, see plane Couette flow
crispation, 355
critical layers
linear theory of, 140-1, 166, 329
nonlinear theory of, 420-2
critical point, 401
critical values of the Reynolds
number, 2, 370, 374-5, 452
cross-roll instability, 438
cusp catastrophe, 411

method,

dangerous mode, most, 25

Darcy’s law, 31

Dean number, 110

Dean problem, 108-12

degree theory, 405, 407, 415

differential equation method, 263

direct method of Liapounov, 431

dispersion relation, 392

domain of attraction, 400

dominant, 170

dominant-recessive solutions, 170,
267,269, 271, 274
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double-diffusive instability, 65
double pendulum, resonance of,
387-92

Eady problem, 335, 365
Eckhaus’s model problem, 459
eigenvalue relation
approximations to, 184-95
for flows of the boundary-laver
type, 183-4
for inviscid shear flows, 128
for symmetric flows in a channel,
181-3
for the Orr-Sommerfeld prob-
lem, 155-6
for the Taylor problem, 83, 94
‘separable’ form of, 182
eigenvalue spectrum
continuous, 156
discrete, 156
for small Reynolds numbers,
158-61
for stratified shear flows, 326
Ekman layer, 365
Ekman number, 365
energy equation, 365-6
for two-dimensional
ances, 161
Reynolds-Orr, 425, 443
energy method, 363, 424-32
for unsteady flows, 363
enstrophy equation, 247
equilibration, 372
evolution equation, 377
exchange of stabilities, 12, 94
for the Bénard problem, 44
for the Dean problem, 110
for the Gortler problem, 118
for the pinch, 344, 367
for the Taylor problem, 94
experimental results
for Bénard convection, 59-62

disturb-

599

experimental results (cont.)

for laminar boundary
239-43, 455

for plane Couette flow, 454

for plane Poiseuille flow, 244-5,
452-3

for Poiseuille flow in a pipe, 1 et
seq.

for shear flows of a stratified fluid,
333

for shear layers, 456-7

layers,

Falkner-Skan profiles, 231-3
filtering, method of, 208
finite-difference methods, 206
fixed-point theorems, 407
Fjgrtoft’s theorem, 132, 434
Floquet system, 359
Floquet theory, 354
free-convection boundary
140 fn., 207
Froude number, 321

layer,

Galerkin’s method, 95-6, 204
geostrophic limit, 337
global asymptotic stability, 374,
400
Gortler number, 117
Gortler problem, 116-20
effect of suction, 123
inviscid modes of instability, 123
group velocity, 13, 152, 347-9,
351-2

Hagen—Poiseuille flow, see Poise-
uille flow in a pipe

Helmbholtz’s equation, 42, 356

hexagonal cells, 56

Hill’s equation, 358, 368

Hopf bifurcation, 403

horseshoe, 401

Howard’s semicircle theorem, 142,
329

hydromagnetics, 340
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hyperbolic-tangent shear layer,
200, 237-9, 250, 329, 333,
423, 456

imperfect system, 409
initial-value problem
eigenfunction expansion for, 157
for a vortex sheet, 29
for inviscid plane Couette flow,
148-51, 246
for inviscid shear flows, 148-53
for rotating flows, 77, 80
for Tollmien-Schlichting waves,
345-9
for wavepacket, 345-9
method of Fourier-Laplace
transforms, 149
use of generalized functions for,
150
inner expansions, 268-71
instability
absolute, 13, 152
baroclinic, 333-9, 365
Benjamin-Feir, 360, 398
bimodal, 438
capillary, 22-8, 30
convected, 13, 152
cross-roll, 438
double-diffusive, 65
Kelvin—Helmholtz, 14-22, 28-9,
320-33, 363-5, 368
knot, 438
local, 79, 85, 110
non-convected, 152
of periodic flows, 354-61
of the pinch, 339-45, 366-9
of unsteady flows, 353-63, 368-9
parametric, 354
Rayleigh-Taylor, 19, 324
side-band, 398, 416-18, 462
skewed varicose, 438
subcritical, 374
thermohaline, 65
zigzag, 438
see also stability

instability, centrifugal, 69 et seq.

of a cylindrical shear layer, 122

of a cylindrical vortext sheet, 122
instability of stratified shear flows,

320-33

effect of viscosity on, 332

examples of, 329

necessary condition for, 327-8
internal gravity waves, 19, 324, 363
internal resonance, 389
inviscid solution

regular, 138

singular, 138

Jeffery-Hamel flow, 164
jet, 142, 196, 364, 457
Bickley, 196, 198, 233-7, 250,
364
nonlinear stability of, 457
top-hat, 29, 202
triangular, 246
‘jump’ conditions, 121, 141, 144-5,
201, 331

Karman vortex street, 28, 405
Kelvin—-Helmholtz instability, 14-
22
effect of rotational disturbances
on, 29
effect of surface tension on, 28
generalized form of, 321
in a stratified fluid, 363-4
of an unsteady flow, 368
Kelvin’s ‘cat’s eye' pattern, 141,
421
Kelvin’s minimum energy principle,
27
Klein-Gordon equation, nonlinear,
462
knot instability, 438
Korteweg—de Vries equation, 351,
397

Lagrangian displacement, 75
laminar flow, 1
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Landau constant, 371
Landau equation, 371, 458

Landau’s theory. of nonlinear
stability, 370-6

Langer variable, 175

Leray-Schauder degree theory.
405, 407, 415

Liapounov, direct or second

method of, 431
Liapounov-Schmidt method, 386,
407, 444
limit cycle, 401
local stability, 79, 85, 109
long-wave theory, for unbounded
flows, 142-3, 196-202
Lorenz attractor, 462

magnetohydrodynamics, 339
marginal curve, 12
marginal stability, 11
conservation of energy at, 64
matching conditions
for Rayleigh’s stability equation.
144
for rotating flows, 121
for the Orr-Sommerfeld equa-
tion, 201
for the Taylor-Goldstein equa-
tion, 331
Mathieu's equation, 356
Matkowsky’s model problem, 380,
460
matrix methods, 206
mean-field approximation, 450
membrane equation, 42, 356
metastability, 374
method of Chester, Friedman and
Ursell, 256. 262
method of matched asymptotic
expansions, 164, 252, 267
method of multiple scales, 253
method of normal modes, {1.42

narrow-gap approximation, 82
nearly parallel flows, 154,
240-3, 454, 479-480

196,

neutral curve, 12
neutral stability, 11
non-convected instability, 152
nonlinear stability. 370-464
spatial development of, 418
normal modes, 157-8
completeness of, 127, 157-8
method of, 11, 42
numerical methods of solution for
the Orr-Sommerield problem
compound matrix method, 311-
17.319
expansions in
functions, 203-6
finite-difference methods, 206-7
initial-value methods (shooting),
207-11
Riccati method, 209-11,
319
numerically satisfactory set of solu-
tions, 172, 465
Nusselt number, 59, 435, 437, 440

orthogonal

250,

Oberbeck-Boussinesq approxima-
tion, 35
orbit, 401
Orr-Sommerfeld equation, 156
adjoint equation, heuristic theory
for, 248
boundary-layer approximation
near a rigid wall, 167
exact solution for plane Couette
flow, 318
heuristic methods of approxima-
tion, 164-80
inviscid approximations, 165
local turning-point approxima-
tions, 171, 305
long-wave approximation for
unbounded flows, 196-202
preliminary transformation of,
265
solution of well-balanced type,
267
solutions of balanced type, 267
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Orr~-Sommerfeld equation (cont.)
solutions of dominant-recessive
type, 170, 267
Tollmien’s improved viscous
approximations, 175-7, 306
truncated form of, 175, 308
uniform asymptotic approxima-
tions, 251-319
viscous corrections to the singular
inviscid  solution, 177-80
WKBJ approximations, 167-71,
247
Orr-Sommerfeld problem eigen-
value relation for, 155
computational form of the first
approximation, 299-301
heuristic approximations to, 164—
80, 305-11

preliminary simplification of,
290-5

uniform approximation to, 295-9

orthonormalization, method of,
208

oscillations

of a circular tank of liquid, 368
of a columnar vortex, 121
of a rotating column of liquid, 77,
121

oscillatory instability, 12

outer expansions, 271-5

overlap domain, 174

overstability, 12

parallel shear flows, instability of
in stratified fluid, 320-33, 363-5
inviscid theory, 126-53
nonlinear theory, 450-7
viscous theory, 153-245

parallel shooting, method of, 208

parametric instability, 354

parasitic growth, 209

perfect system, 409

periodic flows, instability of, 354-

61, 368-9
phase space, 401

pinch, instability of, 339-45
effect of an alternating magnetic
field on, 369
energy equation for, 366
pitchfork bifurcation, 407
plane Couette flow, 148,154,256 et
seq.
‘adjoint probiem for, 317
exact solution for, 318
experimental results for, 454
in an inviscid fluid, 148-51
initial-value problem for, 148-50
integral representations of the
solutions, 256-63

nonlinear stability of, 430,
453-4

second-order  inhomogeneous
problem, 318

spatial modes for, 368
stability characteristics of, 212-
- 21,333, 368
with constant pressure at the
boundaries, 338
plane Poiseuille flow, 154
experimental results for, 244-35,
452-3
nonlinear stability of, 244, 420,
430, 450-3
Reynolds stress, 221, 450
stability characteristics of, 190~3,
205,221-3,247, 301-5, 333
subcritical instability of, 244,451
Poiseuille flow in a circular pipe, 1,
216-21, 430, 453-4
Poiseuille flow, plane, see plane
Poiseuille flow
potential flow, stability of, 27
Prandtl number, 38
principle of exchange of stabilities,
see exchange of stabilities

quasi-periodicity, 402 fn.

Rayleigh line, 79, 106
Rayleigh number, 7, 34, 38
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Rayleigh’s circulation criterion, 69,
72-3.77
Rayleigh’s discriminant, 69, 77-9
Rayleigh's inflexion-point theorem,
125,131
analogue for curved and rotating
flows, 81, 121
Ravleigh’s stability equation. 130
exact solution for the asymptotic
suction boundary-layer profile,
245
Heisenberg's solutions of. 139.
164
neutrally stable eigensolutions of.
132
solutions for unbounded flows,
142
Tollmien's solutions of. 137, 164
Rayleigh~Taylor instability, 19,
31, 324,359
in a porous medium, 30
recessive. 170
rectangular cells, 55
reduced equation. 165
reduced wave equation, 42, 356
regular inviscid solution, 138
resonance
condition for, 389, 392
internal, 389
parametric, 354
resonance of a double pendulum.
387-92

resonant wave interactions. 378,
387, 392-8.461-2

Reynolds number, 2

Reynolds-Orr energy equation,

425,443
Reynolds’s hypotheses, 124
Reynolds stress
for plane Poiseuille flow, 221,
450
in energy equation, 426
‘jump’in, 140-1
Riccati method, 209, 250
Richardson number, 323, 337

roll cells, 55

Rossby number, 336

rotating column of liquid. oscilla-
tions of, 77, 121

rotation of a fluid, stability of uni-
form, 27

sausage instability. 26
Schrddinger equation, nonlinear,
398
second method of Liapounov, 431
semicircle theorem, Howard's, 142,
329
shape assumption, 443
shear layers
free orunbounded, 142, 146, 196
hyperbolic-tangent, 200, 237-9,
250, 329,333,423, 456
nonlinear stability of, 456-7
stability characteristics of., 146,
199-201, 237-9, 331
shooting methods, 207~11
side-band instability, 398, 416-18,
462
singular inviscid solution, 138
sinuous modes, 30, 181, 198, 233,
235, 246, 363-4
sinusoidal shear flow, 136, 364
skewed varicose instability, 438
solvability condition, 160, 383, 385
spatial modes, 152, 243, 349-53,
368
square cells, 55
Squire’s theorem
for a viscous fluid, 155, 246
for an inviscid fluid, 129
Squire's transformation, 129, 322,
352
stability
asymptotic, 8-9, 11. 400
global asymptotic, 374, 400
in the mean. 247, 425, 427
in the sense of Liapounov, 9, 400
of a plane jet, 29-30
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of a vortex sheet, 14-22, 28-9,

of potential flow, 27
of unbounded plane Poiseuille
flow, 247
of uniform rotation of a fluid, 27
sufficient conditions for, 161,427
supercritical, 372
structural, 407-15
see also instability,
stability characteristics of inviscid
shear flows
gas jet in liquid, 30
jet of stratified fluid, 364
liquid jet in air, 22-7
piecewise linear velocity profiles,
144-7, 246
‘top-hat’ jet, 29
unbounded flows, 142
stability characteristics of viscous
shear flows
asymptotic suction
layer, 227-9
Bickley jet, 198, 233-7
Blasius boundary layer, 224-7
boundary layers at separation,
229-31
Falkner-Skan profiles, 231-3
plane Couette flow, 212-16
plane Poiseuille flow, 221-3
Poiseuille flow in a circular pipe,
216-21
unbounded shearlayer, 199-201,
237-9
stability of viscous Couette flow, see
Taylor problem
stability of viscous flow in a boun-
dary layer on a concave wall,
see Gortler problem
stability of viscous flow in a curved
channel, see Dean problem
Stokes lines, 169, 268
Stokes sectors, 169-70, 267
strange attractors, 399, 401
stratified fluid, instability of parallel

boundary

flow of, 320-33

structural stability, 407-15

subcritical instability, 374

of plane Poiseuille flow, 244, 451

sufficient conditions for stability,
73, 81, 125, 131, 161-4, 325,
327, 424-31

supercritical stability, 372

surface gravity waves, 18, 393

surface tension, 22-7,30, 31, 34,68,
397

Taylor-Dean problem, 113-16
Taylor-Goldstein equation, 324
Taylor number, 64, 89, 93
Taylor problem, 88-108
averaging approximation, 97
effect of a radial flow, 122

experimental results, 104-8,
446-9
Galerkin-type method of solu-
tion, 95-6
Taylor vortices, 105
temporal modes, 152, 243
thermal instability, see Bénard
convection

thermal wind equation, 365
thermohaline convection, 64
Tietjens function, 188
computation of, 189
generalized, 299
Tollmien-Schlichting waves, 239
initial-value problem for, 345-9
‘top-hat’ jet, 29, 202
trajectory, 401
transcritical bifurcation, 414, 439
transition to turbulence, 3, 376
triangular jet, 246
truncated equation, 175, 308
turbulence, 3
turbulent spots, 2
turning-point approximations, 171,
188
Langer’s theory for second-order
equations, 254-5
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uniform asymptotic approximations
“first’ approximation, 261, 264
for second-order equation with a
turning point, 254-5
for the Orr-Sommerfeld equa-
tion, 280-4
‘general form of, 259, 263
uniform rotation of a fiuid, stability
of, 27
uniqueness of steady flow, 428, 449
unsteady flows, instability of, 353-
63, 368-9

variational principle
for Arnol’d’s method, 433
for Bénard problem, 45-9, 66
for bounds on flow quantities,
431
for energy method, 428
for stability of the pinch, 367
varicose modes, 26, 30, 233, 235,
246, 363
viscous correction, 177
vortex sheet, 14-22, 28-9, 145,
200, 202, 364

vortex street, 28, 405

wakes, instability of, 457
see also jets
wavepacket
linear development of, 345-9
nonlinear development of, 418-
20
waves
capillary, 28, 397
instability of, 360-1, 397-8
internal gravity, 19, 324, 363
standing, 160
surface gravity, 18, 393
Tollmien—Schlichting, 239
travelling, 160
well-balanced solution, 267, 269,
271
Whittaker’s equation, 369
WKBJ approximation, 167, 185,
247
WKBIJ method, 274

zigzag instability, 438
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