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BIOGRAPHY OF
LIN BINGNAN

Lin Bingnan is a member of the Chinese Academy of Sciences, being specialized
in hydraulic engineering in general and fluvial hydraulics and hydraulics of struc-
tures in particular. He was born in Malaysia on 21 April 1920 of parents from
Putian, Fujian, China, but was, however, brought up in Guangzhou, China. In 1937,
he was graduated from the First Municipal High School of Guangzhou. Then broke
the war to resist the Japanese aggression. During this period, he went to Guizhou
and was graduated from the Department of Civil Engineering of National Jiao Tong
University with BS in CE degree in 1942 with the election to the membership of
the honorary scholastic Society of Phi Tau Phi, Tangshan Chapter. In 1945, close to
the surrender of the Japanese aggressors, Lin was awarded a government scholarship
to study in the United States through competitive examination. He was enrolled in
the State University of lowa in 1946 and awarded an MS degree in Mechanics and
Hydraulics in 1947 and Ph.D. degree in 1951. From 1949 to 1952, he was research
associate with the lowa Institute of Hydraulic Research, conducting studies on the
transport of sediment in open channel flow. Between 1952 and 1954, he was an as-
sistant professor of civil engineering at Colorado State University, teaching graduate
classes of open channel hydraulics, advanced fluid mechanics and engineering sedi-
mentation while carrying out research on sedimentation and forced evaporation of
water body by wind. He returned to China in 1956 to join the staff of the Institute
of Hydraulic Research of the Chinese Academy of Sciences. Since 1958, he has been
on the staff of the China Institute of Water Resources and Hydropower Rescarch
(TWHR). Presently he is the Director Emeritus and senior engineer of this insti-

tute.

While abroad, he was the first to formally publish two methods of designated
time tntervals for the construction of characteristic nets in the numerical analysis of
unsteady flows. His methods were printed in the American books of Engineering
Hydraulics edited by H. Rouse (1949 ) and Open Channel Hydraulics by Ven Te



Chow (1958) and also in the Japanese book of Hydraulics edited by M. Hom-ma
and Aki(1962).On returning home in 1956, he was given the duty to initiate stud-
ies in the fields of hydraulics of high dams and unsteady flow in open channel. In the
former field, he led the study to develop new devices for energy dissipation, featur-
ing contracting structures that include flaring gate piers and flip buckets with con-
vergent side walls. These devices are particularly good for energy dissipation of dis-
charges from high dams built in deep and narrow canyons. They help reduce the
risks of undermining the canyon walls by excessive scouring. Also,as pointed out in
1979, under appropriate conditions, a portion of the spilling surface downstream of
the {laring gate piers may assume profiles of broken lines instead of the conventional
smooth curves, thus simplifying construction. These devices have been employed in
many high-dam projects. The working group won a collective National Award, 2nd
class, for Progress in Science and Technology in 1945. In the field of unsteady
flows, he pioneers in China the experimental and theoretical studies of dam-break
waves. A large physical model was initially built and run in 1959 for the estimate of
the consequences brought about by the fictitious sudden release of the Three Gorges
Reservoir on the entire valley downstream. Rapid methods for the computation of
tides in large estuarics as well as gulfs were developed under his initiation, employ-
ing both the characteristic theory in two space variables and the fractional step
method. The computed results check quite closely with observed data. In the field of
sedimentation, he studied the effects of sediment concentration and particle
Reynolds number on the settling velocity of sediment particles. He also conducted a
large amount of studies on transport of sediment in flumes. Since 1985, he has been

the chief of various sedimentation panels in charge of the coordination of sediment
studies for the Three Gorges Project.

He received the title of distinguished worker awarded by the National Science
Assembly of China in 1978. From 1978 to 1998, he was a member of the China Peo-
ple’ s Political Consultative Conference. In 1986, he received a Distinguished
Achievement Award from the University of Iowa Alumni Association. In 1996, he
was inducted to the Distinguished Engineering Alumni Academy of the University
of Iowa. From 1991 to 1996, he was the chairman of Asian-Pacific Division of the
International Association for Hydraulic Research( IAHR )founded in 1935. In 1997,
he was awarded an honorary membersbip by IAHR and received an Arid Lands Hy-
draulic Engineering Award from the American Society of Civil Engineers.
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1 SEDIMENT CONCENTRATION
AND FALL VELOCITY

Concentration of particles in suspension is shown both experimentally and analytically to
affect the fall velocity to a significant degree. An extension of Smoluchowski® s analysis was
employed in the determination of the magnitude of the concentration effeet for uniformly dis-
persed particles of constant diameter for Reynolds numbers up to approximarely 2.

Experiments were conducted using statistically homogenecus suspensions of sand particles
and of glass beads in a vertical tube. The samples tested had been carefully selected by means
of repeated hydraulic separation to insure constancy of fall velocity. Concentrations and fall ve-
locities were determined indirectly from continuous measurements of the difference in piezomet-
tic head at two points along the tube.

The trend of the experimental points was {ound to coincide very closely with that obtained
from theory. As a concentration of only 1% was found to reduce the fall velocity by about 20%
the effect of concentration in analyses of sedirnent sarnples is seen to be important. For values
of the Reynolds number between 0.1 and 2, the effect of concentration was found to decrease

slightly as the Reynolds number increased.

LIST OF SYMBOLS

cross-sectional area of container
concentration of sediment

diameter of spherical particle

V/ 2y

volumes as defined in text

radius of spherical volume equal to p
Reynolds number Vd /v

radius vector in spherical coordinate system
mean particle spacing

mean fall velocity for dispersed particles
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1.By jchn s. McNown and Bing nan Lin, Iowa Institute of Hydrauhc Research.
2. Second Midwest Conference on Fluid Dynamics, 1951.
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Vo fall velocity of single particle
AV V-V,
v velocity induced at any point in space by motion of a particle

v’ velocity induced at locus of reference particle by motion of a second particle
Ty Vs Z rectangular coordinate axes, z directed vertically downward
v kinematic viscosity
] inclination from z-axis
] Stokes stream function
INTRODUCTION

Although particle concentration has long been known to affect those size analyses of sedi-
ment which are dependent upon the elutriation principle, neither the magnitude of this effect
not its dependence on the particle Reynolds number has been sansfactorily assessed. An ap-
proximate theory of the slow motion of uniformly distributed particles was first presented by
Smoluchowski. Modifications of this theory make possible the evaluation of the effects of iner-
tia, providing that the latter are small, by means of Oseen’s linearized equations. Because re-
strictive assumptions are necessarily made in these derivations, the applicability of and the limi-
tations on the results obtained must be determined through comparisons with the results of lab-
oratory studies.

In the investigation described on the following pages are presented an extended theory and
comparable laboratory measurements of the concentration effect for dispersed suspensions of
partictes of a constant diameter. The results obtained should be particularly useful in the plan-
ning and interpreting of lahoratory analyses of sediment samples. This study forms a part of a
continuing investigation of fall velocity conducted at the Iowa Institute of Hydraulic Research.
It was submitted in dissertation form by the second author (Ref. 1) to the Graduate College
of the State University of lowa in partial fulfiliment of the requirement of the Ph. D. Degree
in the Department of Mechanics and Hydraulics.

THEORY

Retardation of the settlement of dispersed particles in a limited fluid field can be approxi-
mated theoretically in various ways. In the original work of Smoluchowski (Ref. 2) andina
comparable study by Burgers (Ref. 3), the assumptions were made that (a) the particles
were spherical and all of the same diameter, (b) they were uniformly dispersed throughout the
fluid, and (¢) that inertial effects were negligible. In other studies (Ref. 4, 5, 6), theef-
fect of the neighboring particles was assumed to be the same as that of suitably placed solid
boundaries. Although restricted in applicability, the results obtained from these analyses can
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be used to define approximately the effect of concentration on fall velocity for very small
Reynolds numbers.

Smoluchowski’ s derivation can be modified so as to furnish resuits for motions in which
inertia effects are small but not negligible. The functional relationship sought must express the

effect of concentration and inertia on the mean fall velocity,
' Vv
v, = f(C.R) (1.1)

For any idealized arrangement of the particles, the ratio of the particie diameter 1o a char-
acteristic spacing can be substituted for the concentration without significant alteration of the

relationship.
The descent of each of a2 number of particles creates a velocity field throughout the fluid,

and hence rends to increase the velocity of all other particles. In opposition te this, in a con-
tainer of finite dimensions, the downward motion of each particle plus the downward motion of
the entrained fluid must be compensated for by an equal upward flow which tends to decrease
the velocity of each particle. If, on the one hand, the suspension is not distributed uniformly
throughout the fluid, the resultant fall velocity can greatly exceed Vi, the compensatory up-
ward flow occurring in regions in which there are few or no particles. On the other hand, if
the particles are mare or less uniformly distributed throughout the fluid, .each will be retarded
in much the same way as is a single particle in a cylindrical container {Ref. 5).

The vertical velocity induced at the position of a given particle by the motion of all others
can be determined from an infinite summation. Only vertical velocities need be considered, be-
cause the mean horizontal velocity components remain zero as can be easily shown (Ref. 1).
If 5 designates the side length for the assumed cubical spacing (or the distance between adja-
cent particles), r the distance from the reference particle to any other, and z the distance
measured in the vertical direction, the summation is logically begun with the single particles
below and above (r =5, z= % 3) and the four other nearest patticles in the horizontal plane
through the reference particle (r=s, 2=0). The summation can then be continved as indi-
cated in the following tabular arrangement. -

Table 1.1 For particles large distances away, the summa-
No. ofparticles | 2 4 4 8 8 tion can be performed as an integral, the concept of
r/s 11 B2 77 the discrete particle being replaced by that of a con-

z/s £1 0 D %1 £t tinuous distribution. The number of partiél&s in an

elementary volume Ax AyAz can then be expressed as
ArAyiz/s? (actually a very small fraction). If the entire region is divided into two parts, P
and €), the summation is then completed over the volume P immediately surrounding the par-
tilcle, and the integration performed throughout @, the remaining space. The velocity in-
duced by the other particles is indicated by the expression

Mo = ZP:U) +'51§ m v drdydz
Q

£

_3..



in which v’ is the velocity induced at the locus of the reference particle by the motion of any of
the other particles. Because continuous variation is assumed throughout @, v’ can be replaced
by v, the velocity at any point in space induced by the motion of a single sphere.
The condition of continuity——that there be zero flow across any horizontal plane——be-
cormes ‘
_ﬂvdxdy =0 (1.2)

A
in which A is the horizontal cross section of the container. It follows that the triple integral of

v throughout the entire space is also zero, so that the integral throughout P is negatively equal
to that throughout Q. Finally, the change in fall velocity caused by the motion of the other
particles can be expressed in the more readily calculable form,

AV = V-Vy= D0 —é m vdrdydz (1.3)
P f2

Computation of AV thus depends upon the definition of v at a general point in space, and up-
on the subsequent evaluation of both the summation and integration throughout an appropriately
selected region surrounding the reference particle.

The Stokes stream function for the motion of a sphere in an infinite viscous liquid is well
known (Ref. 7}, and can be used in the functional definition of the general velacity V. With
the Oseen modification, the expression for ¢ in polar coordinates is as follows

3
1 Vd w2

¢ = %vd(l—cos@){l —e"”'“'“ml—ﬁTsi (1.4)

in which 2 = V/2u, and the reference coordinate axis is directed vertically downward. The
vertical velocity at any point can be determined if the foregoing expression is used in conjunction
with the following relationship:

A5+ 5)

Patterns of streamlines for representative values of R {or 2kd) are shown in Fig. 1.1,

v = vieosfd — vpsingd = —

the marked differences indicating the increasing importance of the inertial terms as R increases.
For R=0.1 the asymmetry with respect to a horizontal plane through the center of the sphere,
characteristic of flows affected by inertia, is apparent but slight. For R =0.4, it has already
become marked, and for R =2 it is striking indeed. Although the differences near the particle,
which affect the drag, are small, the differences some distance away, which determine the
concentration effect, are pronounced.

Evaluation of the integral in Eq. {1.3) is extremely complicated if a cubical boundary is
assigned for P, so that a further approximation was made. The summation was completed for
the cubical region (already indicated in Table 1.1), whereas the integral was evaluated for a
spherical region of the same volume. Once the indicated operations, aside from the summa-
tion, have been performed, the relative change in velocity is given by the equation:

_4_
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in which P'=4xR3/3 = (35)%, so that R =
1.86s. The various values for z, r, and R can H’\Q\ Eduationdl. 5)
. : l o T opts
now be substituted and the calculation completed. ‘u\% Q=1 :
As 2kd is the Reynolds number, Eq. (l -5) indi- 0.8 Burgers = =~ 1
(R=0) x
cates the functional relationship expressed in Eq. Smotthomsht =
(1.1). To a first approximation and with inertial |, B S
. , T !
effects omitted, this result reduces to the expres- 00.01 0.2 0[;5 J_r ?' 34 ?I 8
ston (.-oncentrauon ky Dry Weight, %
| | !
v 1 0t~ ————
V.S T4 (1.6} jpooL o1 05 1 2 34
¢ 1+1. 3 - Cpnl:entmt;)n by Immersed Weight, 1§
oophd ¢ gt )
Flgme12hasbeenplottedfromEq(l 5) r 0’_:01 ’01' orls |1' [ %i ;
for typical values of B. Alsc shown for compari- Comentioion by Valume, %
son are the curves obtained by Smotuchowski and % I ol_l I n_lz | 0_|3 aa
by Burgers for the limiting case of very small R- f—

values. The small differences between the various  Fig. 1.2 Comparison of theories for effect
curves obtained for B —0 result from the use of of concentration on fall velocity
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different approximations in the infinite summation. Somewhat different results would be ex-
pected if other particle arrangements than the cubical were assumed initially.

A surprising phenomenon established in calculations based on Eq. (1.5) is the existence of
an interval for very small values of & /5 (or ¢) in which the fall velocity is increased even for
the assumed condition of uniformly dispersed particles. This occurrence, which diminishes in
significance with decreasing Reynolds number, is a direct result of the asymmetry illustrated in
Fig. 1. 1. The effect of the particles directly below decreases with distance much more slowly
than does that of the particles above or in the same horizontal plane. Thus the neighboring par-
ticles below, which tend to increase the velocity, eventually become dominant in comparison
with all others. As this occurrence is very small in magnitude and as it occurs only for very low
concentrations, it is not a significant part of the analysis of the problem, and the foregoing

discussion is presented only in explanation of an apparent anomaly.

LABORATORY INVESTIGATION

Conduct of experiments for comparison with the results of theory included preparation of
uniform sediment samples and measurement of mean fall velocity for various particle concentra-
tions. Because the results being sought are second-order effects, in that they involve the deter-
mination of comparatively small changes in a quantity rather than the measurement of that
quantity, extreme care was essential in the securing of uniform samples and in the conduct of
the experiments.

Two uniform samples were prepared, one from a Missouri River sand of which only the
portion remaining on a 200-mesh sieve was used, and the other from a given size of commer-
cially graded glass beads. Although restricted in size variation, neither sample was by any
means sufficiently uniform for these experiments. In order to secure effectively uniform sam-
ples , repeated hydraulic separation by means of the standard bottom-withdrawal tube was nec-
essary. Small samples were introduced at the top of the long vertical tube, and only that por-
tion of each sample reaching the bottom after a predetermined and narrowly limited interval of
time was retained. After repeated refinements the remaining samples were judged finally on
the basis of the results obtained in the actual determinations described in the following para-
graph. Only a few percent of the original samples were used.

The experiments for the evaluation of the concentration effect were conducted in a vertical
glass tube shown schematically in Fig. 1.3 (a). A statistically homogeneous dispersion of the
sediment sample was first obtained hy stirring the mixture with a slender brass rod to which
numerous copper wire rings had been appended. After the rod was removed, both the concen-
tration of the sediment and the mean fall velocity were determined from precise readings of the
difference in piezometric head between two lateral connections (A and B). As this difference
varied directly with the quantity of sediment in suspension between the connections the reading
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