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THE INFLUENCE OF THE GROUND EFFECT
ON ANIMAL SWIMMING AND FLIGHT

Robert Blake

Department of Zoology
University of British Columbia
Vancouver, B.C. CANADA
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MOTOR PAZRFORMANCE AND JET PROPULSIOW IN THE CEPWALOPOD
NAUTILUS POMPILIUS

=

by

John A. Chamberlain, Jr.
Department of Geology
Brooklyn College of the
City University of New York
Brooklyn, NY 11210

and

Osborn Laboratoriss of Marine Sciences
New York Aquarium
Brooklyn, NY 11224

Strain gauge measurements of. propulsive force and pressure

in swimming Nautilus pompilius show that for adult animals
(bodi wt = 600 - 1200 gm) a mean propulsive force of about
5x107} dynes is_produced by a mantle cavity pressure of about
3x103'dynes/cm2, and with a jet velocity of about 250 cm/sec.
Swimming velocity is about 30 em/sec. This performance is
achieved with propulsive muscles totalling about 10% of the
animals body weight. Juveniles have correspondingly smaller
output and size, although maximum swimming velocity is not
much less than in the adults. Cinematography of locomotory
behavior suggests that periodic inward-outward movements of
the body producedc by action of the palred adductor muscles
generates much of the propulsive force. HBquilibrium control
1s achieved through the inherrently high static stability of
the shell. Comparison of propulsive muscle output, and mass,
and of propellant volume and velocity, among fish, marine
mammals, and cephalopods shows that Nautilus is much more
weakly powered and inefficient than these other swimmers,
Bstimates of swimming speed in fossil cephalopods, based on
the data for Nautilus, indicate that most were slower than
Nautilus. The relative ineffectiveness of the propulsion
mechanism of shelled cephalopods like Nautilus, is due mainly
to the retentlion of the shell as a major feature of adaptive
design. The evolutionary history of swimmers(i.e. shelled
cephalopods, soft bodied cephalopods, and fish) seems to be
governed by advances in the sophistication of buoyancy and
propulsion mechanisms. Shelled cephalopods have declined partly
because their unique buoyancy system, based on the retention of
a heawy shell,has prevented them from developing an efficient
means of propulsion comparable to that of fish and soft bodied
cephalopodse.
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Asymmetrical Particle Capture in a Marine Filter Feeder

Mark R. Patterson
Biological Laboratories
Harvard University
Cambridge, MA 02138

The application of fluid mechanics to the study of filtration behavior in
marine invertebrates is very recent. Aerosol filtration theory has been shown
to correctly model suspension feeding in a brittle star at the level of the
filter elements (LaBarbera 1978), but 1little attention has been paid to the
properties of arrays of filter elements -- colonies -- 'in marine passive sus-
pension feeders. Filtration behavior of whole colonies of a New England octo-
coral, Alcyonium siderium, was examined in a flow tank using neutrally buoyant
particles (200 aim diam.) for a variety of filter shapes over a range of flow
speeds (2-20 cm/s).

Mapping of particle impaction sites indicates that angular position of
capture on colonies with bilaterally symmetric geometries is a function of flow
speed (Figure 1). At low speeds (U< 5 cm/s), capture of particles is predom-
inantly on the upstream side of the colony, but shifts to the downstream side
as flow increases. This effect holds for arborescent, ellipsoidal, and spherical
colonies. This asymmetry of particle retention in a whole colony filter may
result from two velocity dependent processes: 1) increasing mechanical deformation
of upstream filter elements (polyps§ into an orientation unfavorable for particle
capture and retention, and 2) differential particle concentrations in the boundary
layer of the colony over the downstream coordinate due to particle migration in
shear fields, this effect being greatest at low speeds. Optical measurenents of
polypal deformations and particle availability in the boundary layer of the colony
over the downstream coordinate show that both are appropriate functions of flow
speed to explain the asymmetrical particle capture phenomenon.

LaBarbera, M. 1978. Particle capture by a Pacific brittle star: experimental test
of the aerosol suspension feeding model. Science 201: 1147-1149,

B e 4 coloates W e 4 colonles W e ) calonles

2 ericat! " | ernarencant ~ | iparieal
7 7 1 spherical
Ve 13 caln V0.9 cals U= 19.0 colo
- 30 4 e
\\‘
N -
x .
p 30 .
E 204 -
. S§§§ 10 -
v T D=y o T v v 1 v
“ 120 180
e
el ANCULAS POSITIGN OF CAPTURE
FIGURE 1. DOWNSTREAM SHIFT IN POSITION OF CAPTURE OF ARTEMIA CYSTS
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THE PRESSURE AND FLOW PATTERNS INSIDE AN AORTIC BIFURCATION

Sven @Giviand Wille
Institute of Informatics
University of 0Oslo, Norway.

The mechanical interaction between the moving blood and the vessel
wall has been agreed to pPlay an important role in atherogenesis. Two
major theories have been suggested in order to explain the early
development of the disease. One which states that early
atherosclerosis is developed at sites in the arterial system where
high shear forces are acting on the vessel wall, and thus damaging
the endothelium layer. The other suggests that early atherosclerosis
is coincident with regions with low shear, while the development of
atheroma is retarded in those regions in which wall shear rate is
expected to be high. These theories appear to be in conflict with
each other. In order to more fully understand the mechanism behind
atherogenesis, both the flow patterns and the localisation of early
atherosclerosis have to be known.

The equations governing three dimensional fluid flow are given by the
Navier—-Stokes equations together with the continuity equation.The
assumptions made by applying these equations for the description of
blood flow are : The blood is a homogeneous, incompressible,
newtonian fluid and the flow is laminar and steady. The vessel wall
is assumed to be rigid.
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The Navier-Stokes equations for three dimensional steady flow are
solved for an aortic bifurcation model, which is constructed from a
cast of a typical human aortic bifurcation.The finite element method
is used to obtain the solutions of the equation system. The results
of the numerical analysis is presented as three dimensional plots of
velocity vectors, streamlines, pressure isobars and wall shear
vectors, respectively, as shown below.




FLUID DYNAMICS OF AORTIC TSV 5I8: MECHANIZMS
OF SUBVALVUUAR GRADIENT CENERATION

Ares Pasipoularides, M.D., Ph.D., Joseph P. Murzo, M.D., COL, MC
Julio J. Bird, M.D., MAJ, MC, Willian E. Craig, M.D., MAJ, MC
Cardiology Service, Department of Mediciae
Brooke Army Medical Center, Fort Sam Houston, Texas 78234

Intraveatricular flow velocity patterns and pressure gradients measured
by high-fidelity multisensor catheters in patients with isolated valvular
aortic stenogis (AS) were analyzed. 1In 12 patients with AS, valve avea
1.0 + 0.3 cm”, measured intraventricular (subvalvular) pressure drops were
42 + 16 wmHg and transvalvular ones were 59 + 22 mmHAg., A fluid dynamic
model for ejection through the tapering subvalvular field was developed to
assess the contributions by dissipative and non-dissipative mechanisms to
the large subvalvular gradients and transvalvular pressure drops in AS. It
identified the contributions by geometric taper and ejection velocity
patterns to convective and local acceleration wechanisms: The striking
augnentation of pressure gradients in the immediate vicinity of the stenotic
orifice is underlain mainly by the intensification of the ccnvective
acceleration effect. Whereas the convective acceleration component requires
a tapering flow field, the local accelecatioa component is always operative
with a pulsed flow. At peak flow, when the local acceleration DV/At ig
zero, only convective gradients ares operative along the tapering region and
account fully for the measured pressure drops. For negative values of
AV/at, corresponding to flow deceleration following peak ejection, the
contribution of the local acceleration effect to the total imstantaaneous
pressure drop values is negative; it thus opposes the simultanecus effect
of the convective component, whereas they both act in the same sense prior
to peak ejection when 3V/adt is positive. The influsnce of the enhanced
streamwise taper in AS is much stronger on convective than oa local
acceleration gradients, since the former depend on the square whereas the
latter on the square root of the ratio of downstream to upstream
flow—spction areas of the tapering subvalvular region. Thus, in AS pressure

dcops and ejection velocities are more in-phase as opposed to normal
ejection dynamics. The measurad subvalvular gradient valuess are shown to
depend strongly not only on the applying geometric taper and elesction

@locity patterns, but also on the distance between and the exact placement
of the pressure measucring sensors along the highly tapering subvalvular
region. Viscous losses make only a small coantribution to the subvalvular
pressure gradients. They preclude recovery of pulsatile pressures as streanm
cross—section reexpands beyond the stenosed valve and are thus respcnsible
for large transvalvular pressure drops.
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THE EFFECTS OF SMOOTH MUSCLE ACTIVITY ON THE MECHANICAL AND HYDRAULIC PROPERTIES
OF THE DOG AORTA

Jean-Pierre L. Dujardin, Dana N. Stone, C. Douglas Forcino and Heinz P. Pieper
Department of Physiology, The Ohio State University, Columbus, Ohio 43210.

In previous experiments it was shown that after hemorrhage, at any given pres-
sure P, the diameter D of the descending thoracic aorta decreased, while dp/dD
increased, indicating a change in activity of the smooth muscle. Volume expan-
sion had the opposite effects.

The present experiments were undertaken to determine the effects of changes in
smooth muscle activity on the elastic wall properties of the aorta and to clar-
ify the role of these changes in the hemodynamic adjustments to hemorrhage and
volume expansion. The experiments were performed on anesthetized male dogs
ventilated with a positive pressure respirator. A left thoracotomy was per-—
formed at the level of the 4th intercostal space and 2 piezoelectric crystals

(4 mm diameter) were attached across the thoracic aorta using cyanoacrylate

glue. The transit time for a burst of ultrasound to pass from one crystal to

the other was measured by means of a sonomicrometer. The voltage output of this
instrument was proportional to the transit time and thus also to the external
aortic diameter. Aortic pressure was measured in the cross-section of the crys-
tals by means of a catheter-tip transducer (Millar Instruments, PC-360). Aortic
pressure and diameter were digitized at a rate of 1000 samples per sec and
displayed on a digital oscilloscope (Nicolet Explorer III). In order to obtain
aortic pressure and diameter in a wide range, a sinusoidal piston pump was
attached to the abdominal aorta by means of a cannula inserted into the left
femoral artery. When operating, this pump produced slow oscillations in aortic
pressure and diameter with a cycle of 5 sec. 1In all experiments, recordings

were made under the following conditions: under control conditions, after hemor-
rhage (-157% of the estimated blood volume), after reinfusion (nmew control condi-
tions), after volume expansion (+15% of the estimated blood volume) and 30 min
after a-blockade with phenoxybenzamine (5 mg/kg). For each condition, the pump
was operated for at least 10 sec. During this period, the pressure and diameter
signals were recorded on magnetic disk. At a later time, the diastolic pressure-
diameter relationship was analyzed by determining D and dP/dD at 0.5 kPa pressure
intervals.

Tn order to draw conclusions about the effects of the changes in smooth muscle
activity on the material properties, the incremental elastic modules E was
calculated and plotted as a function of the normalized diameter D* = D/Dl3'3
(where Dj3.3 is the diameter of the aorta at 13.3kPa under control conditions)
for the different conditions. Hemorrhage caused E to increase by an average of
11.4% when compared to the control values at the same normalized diameter. Vol-
ume expansion and a-blockade caused E to decrease respectively by 10.2 and 24.27%
when compared to control.

In order to draw conclusions about the functional significance of the changes in
smooth muscle activity, the characteristic impedance of the proximal aorta Zc was
calculated and plotted as a function of pressure. The curves relating Zc to
pressure showed a minimum in the physiological pressure range and were well
described by parabolas under all conditions. Under control condition, the mini-
mum was located close to the mean arterial pressure. Hemorrhage increased Zc at
each pressure level (average 10.8%), while volume expansion as well as a-blockade
reduced Zc at all pressure levels (average respectively 7.8 and 12.87%). Since Zc
is the main determinant of the arterial opposition to pulsatile flow, it was
concluded that reflex contraction or relaxation of the aortic smooth muscle could
significantly alter left ventricular afterload.




ETastohydrodynamic Lubrication Models for the Normal Human Ankle Joint

J.B. Medley; Department of Mechanical Engineering, University of Waterloo,
Waterloo, Canada.

D. Dowson, Institute of Tribology, Department of Mechanical Engineering,
University of Leeds, Leeds, England.

V. Wright, Rheumatism Research Unit, Department of Medicine, University
of Leeds, Leeds, England.

The geometry, friction and lubrication of normal human ankle joints have been
investigated. The joints exhibited converging-diverging surfaces in the
direction of motion. The cylindrical form of the measured surface contours
indicated that a reduced radius of about 0.35 m gave a good representation
of the ankle joint geometry.

Human ankle joint specimens were tested in a joint simulator. ATthough
considerable difficulties were encountered in the measurement of the very
small coefficient of friction between the cartilage surfaces, an upper Timit
of about 0.01 was identified for this important tribological feature of
synovial joints.

An equivalent bearing to represent the ankle joint was proposed which consisted
of a rigid cylinder covered with a compliant layer sliding on a rigid plane
(Fig. 1). The dimensions for this geometry were based on the measurements of
the present study. Theoretical models were developed to estimate the cyclic
variation in elastohydrodynamic film thickness and coefficient of friction

for the ankle during walking.

Theoretical minimum film thicknesses of about 1 um were estimated along with
coefficients of friction up to 0.001. The theoretical predictions of the
cyclic variation of film thickness remained small compared with the magnitude
of the film thickness itself. Furthermore, the theoretical film thicknesses
were smaller than the measured Ra roughnesses for cartilage which appear in
the Titerature. When a very considerable increase in the bulk viscosity of
the Tubricant was introduced into the calculations film thicknesses of about
18 um and coefficients of friction up to 0.01 were estimated. This value for

film thickness was sufficient to separate the surface asperities of healthy
articular cartilage.

UnTess thin film mechanisms, such as an increased lubricant viscosity or micro-
elastohydrodynamic Tubrication act, the present study indicated that full fluid
film Tubrication cannot be sustained. However, the predicted film thicknesses
were not much smaller than the surface roughness of cartilage and the ability
to generate and preserve fluid films was found to be greatly enhanced by the
entraining and squeeze film action. Thus, the modes of lubrication for normal
human ankle joints must include a significant contribution from elastohydro-
dynamic Tubrication. 4/ l]oad
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Fig. 1: An equivalent bearing radius A ot
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Dan M. Spengler, M.D.

Associate Professor

Department of Orthopaedics, RK-10
University of Washington

Biomechanics in Orthopaedics: Historical Perspectives

During this presentation, the author will review the development of
orthopaedic biomechanics. The significant impact of Carl Hirsch and his
many proteges will be presented. In addition, the contributions of Evans,
Bonfield and Lee, and Frankel and Burstein will be highlighted. The author
hopes to relate the significant contributions of the past to the many
technological advances preéently being utilized in orthopaedic biomechanics

of the 1980's.
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EVALUATION OF PHYSIOLOGIC SUSPENSION FACTORS IN BELOW KNEE AMPUTEES

The functional capacity of below knee amputees is directly related to the
suspension, stability and proprioception provided by the prosthesis. Suspension
is provided by ancillary and physiologic mechanisms some of which also contribute
to stability and proprioception. Decrease in ancillary suspension would reduce
venous obstruction and help cosmesis, skin irritation, and associated maintenance
problems. We have found physiologic suspension to be a function of prosthetic
socket and residual limb contour, skin motion, muscle expansion and compliance,
and the dimensional relationships between the residual limb and the socket. The
purpose of this study is to report the significance of training techniques and
individual suspension factors on physiologic suspension.

Evaluation of 17 patients with 21 limbs included contour, dimensional,
and tensile slippage measurements. Subjective evaluation of prosthetic
function, training, activity level and ability, and physiologic suspension
were obtained. Regression analysis was used to establish the significance of
individual parameters.

One third of the subjects were able to generate a tensile retention force
equal to the weight of their prosthesis with less than one half inch of slippage.
Mean maximum tensile retention force was over three times greater than mean
prosthesis weight. At least 50% of subjects demonstrated improved tensile
retention ability due to a training program involving isometric muscle
contractions within the environment of their own prosthesis. This agreed
with the results of the subjective evaluation.

Contraction of the stump musculature can apply useful force vectors to
the prosthetic socket. The suspension potential of below knee amputees can be
predicted clinically by our study protocol. Training amputees within the
environment of their own prosthesis shows promise in improving ambulatory
function. Surgical contouring and prosthesis fitting taking into account
the factors identified in this study, may offer additional functional
improvement to the myoplastic below knee amputee.

Frederick G. Lippert, III, M.D.
Associate Professor

Department of Orthopaedics
University of Washington

Chief, Department of Orthopaedics
V.A. Hospital and Medical Center
Seattle, Washington 98108
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INTERSEGMENTAL MOVEMENT EFFECTS ON NET SUPPORT MOMENT

Robert H. Deusinger, P.T., Ph.D.
Program in Physical Therapy
Washington Univeristy School of Medicine
660 South Euclid Avenue, St. Louis, MO 63110

The net support moment principle is an algebraic summation of all extensor
moments at the ankle (Ma), knee (Mk), and hip (Mh) sufficiently positive during
stance to provide support and suggests that muscle groups with the most pronounced
net moment activity are the major contributors to support. Since most human move-
ment involves interaction of two or more segments, each influencing motion of the
others, it could be expected that a large component of a NJM is due to moment influ-
ences of adjacent segments. Therefore, the purpose of this paper was to determine
for the net support moment principle (Ms) whether major net joint moments (NJM) of
the lower extremity stance phase of gait are due primarily to muscle generated
moments at the respective joint or to relative moment contributions at adjacent
joints.

With the lower extremity modelled as a three link system in the sagittal plane,
a kinetic analysis was applied to 5 normal and 2 pathological subjects to determine
Ma, Mk, Mh during stance phase of walking. Thirty-five mm. interrupted light photo-
graphy, anthropometric data, and computer applications were used and the net support
moment was determined. Subsequently, segment velocities and accelerations were zeroed
in successive order to determine the percent moment contribution by each segment to
the total net moment produced at the ankle, knee, and hip. The moment contribu-
tions were expressed as a percentage change in moments. Therefore, the segment
with the largest negative percentage change identified that segment contributing
most to the NJM produced at a given segment. '

Results demonstrate for both groups of subjects that a major portion of NJM
ascribed to muscular activity by Ms are often due to submaximal moment contribu-
tions of adjacent joints. This suggests, for example, that treatment rationale
for patients not able to produce a sufficient knee extensor moment include activi-~
ties that emphasize sequenced movement of the major lower extremity segments (i.e.
coordination) but more specifically, that attention be given to strengthening
muscle groups of segments adjacent to the injured or diseased joint.
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