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CHAPTER-1

Introduction



This is an elaborate discussion of main theme ideas and the condition in
“Fluid mechanics”, which help us to realized a clear concept of the background
and elements of various viscous Newtonian and non-Newtonian flow problems.
The basic equation viz, the equation of a visco-elastic fluid of oldroyds model,
the equation of continuity, the equation of motion and the equation for isotropic
incompressible fluid of Newtonian and non-Newtonian. Here we also have

shown the equation the velocity profile in the dimensionless form.

Fluid mechanics is one of the engineering science that fesm the basis for
all engineering like meteorology, oceanography and other subject of physical
sciences. The subject branches out into various specialties such as
aerodynamics, hydraulic engineering, marine engineering, gas dynamics and
rate processes. It deals with the statics, kinematics and dynamics of fluids,
since the motion of a fluid is caused by unbalanced forces exerted upon it.
Available methods of analysis stem from the application of the following
principles concepts and laws, Newton's laws of motion, the first and second
laws of thermodynamics, the principle of conservation of mass, equations of
state relating fluid properties. Newton's law of viscosity, mixing-lenth concepts

and restrictions caused by the presence of boundaries.

In fluid flow calculations, viscosity and density are the fluid properties
most generally encountered; they play the principal roles in open-and closed-
channel flow and in flow around immersed bodies. Surface tension effects are
of importance in the formation of droplets, in flow of small jets and in
situations where liquid-gas-solid or liquid-liquid-solid interfaces occurs, as
well as in the formation of capillary waves. The property of vapor pressure,
accounting for changes of phase from liquid to gas, becomes important when
reduced pressures are encountered. In this chapter fluid properties are

discussed, as well as units and dimensions and concepts of the continuum.



Fluids may be defined as materials which continue to deform in the,
presence of any shearing stress. When the space between two plates is filled
with a fluid the plates can be kept moving relative to each other by a force;
however small. Generally, the larger the force, the higher the rate of the relative
motion. As a contrast, a solid under shearing stresses can do not exceed a
certain limit. There are solids that will continue to deform like a fluid when the
stress exceeds a certain value. The solid is then said to be in a plastic state. The

study of plastic is out side the domain of fluid mechanics.

In fluid mechanics, fluids are considered to be continuous although they
like any substance; consist of discrete molecules. This approach is taken not
only for the resultant simplicity in analysis, but also because the behavior of the
individual molecules is not usually of primary interest in technology. The
average, properties of the molecules in a small parcel of fluid are used as the
properties of the continuous material. For example; the mass of all the
molecules per unit volume of the parcel is called the density of the fluid. For
this approach to be successful; the size of the slow system must be much larger
than the mean free path of the molecules, so that the properties, such as density,
of the fluid can be meaningfully computed. Ordinarily, this requirement
presents no difficulties. For example, there are about 2.7%10'® molecules in one
cubic millimeter of air under atmospheric conditions. However there are cases
where this requirement is not satisfied. For example; in the upper atmosphere
where air molecules may be, on the average, several fact apart, the term density

becomes meaningless of one considers the flow around a satellite of a foot in
size.

Fluids dynamics is the science treating the study of fluids in motion. By
the term fluid is meant a substance that flows: one which does not is termed a
solid. Fluids may be divided into two kinds (i) liquids which are
incompressible, i.e. their volumes do not change when the pressure changes

and (ii) gases which are compressible fluids suffering change in volume



whenever the pressure changes. There are no sharp distinctions between the
three states of matter, however, the term hydrodynamics is often applied to the

science of moving incompressible fluids.

When matter is subjected to examing - on the microscopic or
molecular scale, it is found to consist of molecules in random motion and
separated from one another by distances, which are at least comparable with
molecular size. In the case of gases, the separation distances are great: in the

case of liquids, they are less great and in the case of solids even less so.

For the purpose of macroscopic analysis, however, the molecular
structure of matter is, in general, of no interest. It is thus more convenient to
treat the fluid as having continuous structure so that at each point we can
prescribe a unique velocity, a unique pressure, a unique density, €tc. moreover,
for a continuous or ideal fluid. We can define a fluid particle as the fluid
contained within an infinitesimal volume whose size is so small that it may be

regarded as a geometrical point.

We conclude this introductory section by mentioning briefly the natures
of the different types of forces which are called into lay moving fluids. Suppose
two fluid particles, moving at different velocities, have a common boundary.
Then across the boundary there will be interchange of momentum. The normal
transport of molecules across the boundary will lead to a direct or normal force.
In the case of viscous fluids, there is friction between the particles: this will
manifest itself in the form of equal and opposite tangential or shearing forces
on each particle at the common boundary. In the case of in viscid fluids,
however, there is no friction and consequently there are no tangential or
shearing forces. All real fluids exhibit viscosity but in many cases. Such as

arise when the rates of variation of fluid velocity with distances are small,

viscous effects may be ignored.



Fluid mechanics and hydraulics represent that branch of applied
mechanics dealing with the behavior of fluids at rest and in motion. In the
development of the principles of fluids mechanics, some fluid properties play

principal roles others only minor roles or no roles at all.

In fluid static's, specific weight is the important property, where as in
fluid flow, density and viscosity are predominant properties. Where appreciable
compressibility occurs, principles of thermodynamics must be considered.
Vapor pressure becomes important when negative pressures are involved, and

surface tension affects static and flow conditions in small passages.

Fluids are substances which are capable of flowing and which conform
to the shape of containing vessels. When in equilibrium, fluids cannot sustain
tangential or shear forces. All fluids have some degree of compressibility and

offer little resistance to change of form.

1.1 Classification of fluids

The fluids can be classified as (i) Ideal fluid and (ii) Real fluid based on
its physical properties.
(i) The ideal fluid:

Since it would be difficult to construct equations involving
simultaneously all the factors, we have just enumerated and the solution of then

when constructed virtually impossible, the fluid is simplified in classical theory

as follows
1. The fluid retains the same density throughout.

2. The fluid is incompressible.

These conditions are not synonymous though they have the same effect.

In the molecular picture of the processes of locally heating or of mechanically



compressing a fluid the former is supposed to increases molecular kinitic
energy, the latter to bring the particles closer together. A "hotspot” defuses

outwards, a compression travels out as a sound wave
3. The fluid is inelastic
4. The fluid has no free surface

These restrictions leave the fluid with mass (or inertia) and viscosity, but
further simplification of the mathematics ensues if we suppose the fluid

frictionless-
(ii) Real fluid:

A portion of a real fluid is composed of a very large number of
molecules each of which has its own mass and velocity. At any instant the
several molecules within a given closed surface have a great variety of
velocities, since the velocities of the molecules vary both in magnitude and
direction from molecule to molecule. If the closed surface has a small but finite
volume v it is possible to consider the average mass per unit volume and the
average vector velocity within. The surface, these quantities might be regarded
as the density and velocity q of the fluid at some point within v though is must
be remembered that their values depend upon the size of the small volume
considered. In fact it the volume be too small it may contain only one or two
particles or even none at all and the quantities then evaluated could hardly be
regarded as the density and velocity of the fluid. On the other hand if the
volume chosed values and will not give a meaning to density or velocity at a
point in the fluid.

The truth of the matter is that the concepts of density and velocity at a
point in the fluid pertain only to the idealized notion of a continuous fluid and
are not strictly applicable to a real fluid. The mathematical difficulties indicated

above arise from the fact a real fluid is a discrete assemblage of a moleclues

and is not a continuous fluid.



1.1.1 Newtonian fluids:

All real fluids exhibit internal friction. At solid boundaries, there is
practically no relative velocity between the solid and the contacting fluid
particles. As a result of there propertied, mechanical energy is dissipated into
heat, and there is skin fraction on solid surfaces. Due to the presence of the
slow-moving fluid particles near solid surfaces there is a tendency for
separation of the flow from the boundary in zones of deceleration. Shere
phenomena occur in on frictionless fluid, internal friction must be considered
when dissipation, skin friction, separation, and other phenomena related to

internal friction are being studied.

It has been found experimentally that most common fluids, including air
and water, when tested as shown in the given equation offer shearing resistance
: . F U
proportional to the rate of deformation: T= & = M—J

where T is the shearing stress, and | is the absolute, or dynamic, viscosity of

the fluid. So Newtonian fluids is called those fluids which obey Newtonians

law of viscosity. Water, air and Mercury are the example of Newtonian fluids.

1.1.2 Non-Newtonian fluid:

Fluids which do not obey Newton's law of viscosity are Known as non-
Newtonian fluids. Thus for such fluids the shear stress is not proportional to the
velocity gradient. Non-Newtonian fluids are those in which the viscosity at a
given Pressure and temperature is a function of the velocity gradient. Such
fluids as colloidal suspensions emulsions and gels are included in this
classification. Non-Newtonian fluids may be further classified according to the
manner in which the viscosity varies with the rate of shear. Bingham plastics,
sometimes called ideal plastic; can withstand a certain amount of shearing
stress. When the shearing stress has reached a certain yield value the material

deforms. The ideal plastic has been deformed it viscosity is independent of the



velocity gradient and is a function only of the material. The relationship

between shearing stress and shearing strain is ©T— 14 = pddu
gcdy

Where 1, is the yield stress, sewage sludge is a common example of a

Bingham plastic. In most real plastic the viscosity does not be come Constant
untill fairly high rates of shear are attained. Suspension of clay in water behave
like real plastics and are used extensively as drilling mud in the petroleum
industry. Pseudoplastic materials ae those in which the viscosity decreases with
rate of shear but the material deform as soon as a shearing stress in applied.

The viscosity becomes, constant at high shear rates.

Non-Newtonian fluids may be thixotropic or non thixotropic. If the fluid
possesses some sort of structure which is broken down when it is subjected to
shear, then an removal of the shearing stress the viscosity, insteal of being the
same as at zero rate of shear will change with time as the fluid builds up the
Structure of had prior being deformed. It a thixtropic fluid is tested in as
apparatus in which the rate of shear can be increased the relation ship between
the shear stress and rate of shear will be found to be different when the stress is
increasing then when the stress is decreasing such Curves for thixotropic

pseudoplastic and dilatant materials are illustrated.

1.1.3 Visco-elastic fluid model:

These fluids possess certain degree of elasticity in addition to viscosity.
When a visco-elastic fluid is in motion, a certain amount of energy is stored up
in the material as strain energy while some energy is lost due to viscous
dissipation. In this class of fluids unlike inelastic viscous fluids, one can not
neglect the strain, however small it may be as it is responsible for the recovery
to the original state and for the possible reverse flow that follows the removal
of the stress. During the flow the natural state of the fluid changes constantly

and it tries to attain the instantaneous state or the deformed state, but it does



never succeed completely. This lag is a measure of the elasticity or the so
called "memory" of the fluid. But there are some fluids like soap solution,
polymer solution, which have some elastic properties besides having fluid

properties. Such fluids are the examples of visco-elastic fluids.

There various models for visco-elastic fluids. Examples are second order
(Rivlin-Erickson fluids) Oldroyd fluids, Walters B' fluid and so on. A part from
second- order visco-elastic fluid model, there are some class of visco-elastic

second grade or third grade fluids.

Coleman and Noll (1960), originally suggested a constitutive equation
for the incompressible visco-elastic second grade fluid, based on the postulate

of fading memory as

__ 2
T=-PI+ [.I.Al + alA2 + OtZA1

where T is the stress tensor, P is the pressure, Ll is the dynamic viscosity ¢ and
0, are the first and second normal stress coefficients. A; and A; are the

kinematic tensors, expressed as:

A =grad(V)+ (grad(V))T

and A, = %A + A (gradV) + (eradV)T A,

2 1

where V is the velocity and d—lS the material time derivative.
t

1.1.4 Power law fluid model:

The mathematical model for describing the mechanistic behaviour of a
variety of commonly used non-Newtonian fluids is the Power-law model which
is also know as Ostwald-de Waele model. According to Ostwald-de Waele

n-l du
— where m denotes the
dy

du
dy

model, the constitutive equation is  t=m



flow consistency index and in is the flow behaviour index. Viscosity is the ratio

of shear stress to the deformation rate. For power law fluid, model it is

-1
du n

a—)-/— ., known as apparent fluid viscosity. When n < 1, the model is vaild

for pseudoplastic fluids such as gelatine, blood, milk etc. In these types of
fluids the apparent fluid viscosity decreases with increasing deformation rate a
(n < 1) and are called shear thinning fludis. When n > 1, the model is valid for
dilatant fluids, such as sugar in water, aqueous suspension of rice stanch, sand

etc.

1.2 The continuum concept

In many cases problems involve systems in which the dimensions are
very large compared with molecular distances. One is interested in the
statistical average properties and the behavior of large numbers of molecules,
and not in that of individual molecules (that is, macroscopic, and not

microscopic, properties are of interest).

As induvidual molecules are not being considered, the fluid can be
regarded as a continuous substance. A continuum model of the fluid is adopted.
Physical quantities such as the mass and momentum of the matter contained in

a very small volume are regarded as being spread uniformly throughout that
volume.

With normal measuring instruments (transducers, hot-wire anemom-
eters), the continuous and smoothly varying properties of fluids are easily
demonstrated and support the continuum hypothesis.

The sensitive volume of the instrument is usually chosen so that the

property being measured does not change with the volume (the measure-ment

is “local”). If the sensitive volume is reduced so much that is contains only a

10



few molecules at the time of observation, then the measurement will vary
irregularly from time to time. This is due to the statistical fluctuations in the

number and kind of molecules in the sensitive volume.

Under normal conditions, a cubic millimeter of air contains 2.7x10'
molecules. One is usually involved with dimensions of 1 ¢cm or more and very
little variation in physical and dynamical properties of the fluid occurs over a
distance of 10” cm (except perhaps in a shock wave). Thus, an instrument with
a sensitive volume of 10”° cm® would still give a measure of a local property.
This volume still contains more than 10'® molecules of air, say at NTP, and a
property average over such a number is independent of the actual number (law
of large numbers). In dealing with the structure of shock fromnts, or with the
flow of rarefied gases, the continuum approach of classical fluid dynamics and
thermodynamics must be abandoned and replaced by the microscopic approach

of kinetic theory and statistical mechanics.

In continuum mechanics one assumes that the macroscopic fluid
properties, for example mean density, mean pressure and mean viscosity, vary
continuously with (a) the size of the lump of fluid considered, (b) the position
is the fluid system, and (c) the time. In (a), the variation becomes imperceptible
when the element, or lump, is very small but still large enough to satisfy the
continuum criterion. Such an element is called a fluid particle. The mean
properties of the fluid particle are assigned to a point in space, so that a field
representation may be used for continuum properties. Thus, fluid properties, for
example density, pressure -and velocity are expressed as continuous functions
of position and time only. On this basis, it is possible to establish equations
governing the motion of a fluid, which are independent, in their form, of the
nature of the particle structure. So gases and liquids may be treated together.
Consider, as an illustration, the definition of the density of a fluid at a given
point, A fluid mass Smin a small volume & v around the point p (x, y, z) in a

continuous fluid. The mean density of the fluid in this volume is defined as
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dm/ & v. As the volume v is allowed to shrink about. It show how = dm/Sv
varies with §v. When &§v is shrunk below &v, the mean density starts to
fluctuate wildly due to the fluctuation of the small number of molecules in the

volume. So one cannot fix a definite value of ¢ when & v< & v. The density at

P is defined as

¢ =lim om
SV—8VY sy

The field representation for ¢ is written as
= L’(x, y,z,t)-

This, of course, is a scalar density field. There are also vector fields such as

velocity, and tensor fields such as stress.

1.3 The equation of continuity

From the continuity equation is derived from the continuum concept. A
part from heterogenous and noncontinuous fluids, the equation simply
expresses the law of conservation of mass. The quantity of fluid entering a
certain volume in space must be balanced by that quantity leaving, unless
compression occurs. Let V be an arbitrary volume fixed in space, bounded by a
surface s, and containing a fluid of density £. The volume element & V' is small

enough so that ¢ can be regarded as constant through it.

The time rate of increase of mass in v through part of its bounding
surface s and leaves through another part. For an element of surface dS, the

outward mass flux is (ﬁv)-nds, where n is the outward directed normal. The
total outward flux 1s

I (¢v)-nds. (1.1)

12



The sum of the net outward convection of mass plus the time rate of increase of

mass in volume must be zero:
[ d
s(ev) nds+ =], tdv=0. (1.2)
ot
Using Gauss’s theorem on the surface integral, one has

oI4
I, [§+V.(£v)}dv =0. (1.3)

Since this is true for arbitrary elementary volumes,

%+V.(£v)=0 (L4)

or %+VV.C’+£V.V =0.

ot
Therefore

E+£V.v=0. (1.5)

Dt
Where V.v is called the dilation of the fluid at a point in the field.

This is the general continuity equation for non-homogeneous of com-
pressible fluids.
In rectangular Cartesian coordinates, &q. (1.5) has the form

D/{ du dv ow
= 4 | =0. (1.6)
Dt+f(8x+ay BZJ

For steady motion, ¢/ dr =0 and the continuity relation [from &q. (1.6)]is
V.(tv)=0. (1.7)
In the case of homogeneous and incompressible fluids, the continuity equation

become simple

V.v=0. (1.8)

13



This covers the case of the ideal fluid, which is defined as being inviscid and
incompressible. All real gases are compressible and liquids are slightly so. It is
found, however, that as long as the Mach number does not exceed about 0.3,

the fluid can be regarded as incompressible to a first approximation.

1.4 Navier-Stokes’ equations

The equations of motion are derived from Newton’s second law of

motion which states that
Rate of change of linear momentum = Total force.

Let us consider a closed surface S, as earlier enclosing a volume V in the
region occupied by the moving fluid. The rate at which momentum entering the

element dS is vj (— pdSvin j)' Therefore, the rate at which the momentum

enters the controlled surface S is

— [vi(pvin;ds). (1.9)
S

Also the rate at which the momentum increases in the enclosed volume

Vis
0 ‘
— [pv;dV. (1.10)
ot y
Hence, from (1.9) and (1.10), the rate of change of linear momentum is
given by
—aa—IpVi dV + Jv(pvin; JdS. (1.11)
Ly S
In fluid motion it is necessary to consider the following two classes of
forces, (i) forces acting throughout the mass of the body of fluid, such as
gravitational forces, known as body forces and (ii) forces acting on the

14



boundary, the fluid stresses, and are known as surface stresses. If f; denotes the

body forces per unit mass and P; the forces on the boundary per unit area, the

equation of motion can be written as

0
> IpvidV + Jv;(pv;n; )ds.
v s
rate at which the momentum rate of outflow of momentum through
increases in the enclosed the controlled surface §
volume V
| pf;dV + | p;ds.
v $
body forces acting on the surface forces acting on the
enclosed yolume Vv controlled surface S (1.12)

Where the stress Vector P; is given by
Pi =Vijnj (1.13)
and Vij = —pSij + Tjj. (1.14)

Substituting (1.13) and (1.14) in equation (1.12) and changing the
surface integrals into volume integrals by Gauss’ theorem and noting that V' is

an arbitrary chosen volume, we get the equations of motion as

ot;;
dp j
fi-—S—+5 - 1.15
at pvl (-pvlV ) Pt axl aXJ ( )
. Using the equation of continuity,
QB-*'-a— Vi )
X
oy
By L O (g OBy (1.16)
{at iy |7 o axg

15



It should be dept in mind that equation (1.16) is valid for any continuous

fluid medium.

In order to use these equations to determine velocity distribution,
however, we must insert expressions for the viscous stresses in terms of
velocity gradients and fluid properties. For isotropic Newtonian fluid these

expression are given by the constitutive equation.

8 :
Tjj = 24 &jj _EH ekk dij, (1.17)
1{ dv; 9V
Where e =—| 43| 1.18
. 2(8)(]- 8xij (1.18)

Substituting (1.17), with (1.18), in equation (1.16), we finally get

avi 9| . 9p, d | [dvy Vi 2 dvg |
f: — — =05 — 1.19
pl:at plaxJ Ph axi+an e an+aXi Uaxk ( )

These are known as Navier-Stokes equations for the motion of a viscous

compressible fluid and are three in number.

In case of incompressible fluid flow the equation of continuity is

Mk _g (1.20)
Xk

And if p is also regarded as constant, the equation (1.19) can be further

v, OVii_ e 0P _8_21/1_ .

simplified to p {—a——ﬂfj&?}—pi ax axjaxj (1.21)
3 (ovi) o (advi|_

Keeping in view that 5;_(;(8)“ ] - [Bx =0 (1.22)

Equation (1.21) in vector notation can be written as

16



DV - 9=
th=pF—Vp+uV V. (1.23)

Where

= —s; +(Vv) (1.24)

9|

is known as the ‘material derivative’.

1.5 Viscosity

Of all the fluid properties, viscosity requires the greatest consideration in
the study of fluid flow. The nature and characteristics of viscosity are discussed
in this section as well as dimensions and conversion factors for both absolute
and kinematic viscosity. Viscosity in that property of a fluid by virtue of which
it offers resistance to shear stress. Newton's law of viscosity states that for a
given rate of angular deformation of fluid the shear stress is directly
proportional to the viscosity. Molasses and tar are examples of highly viscous
liquids; water and air have very small viscosities. The viscosity of a gas
increases with temperature, but the viscosity of a liquid decreases with
temperature. The variation in temperature trends may be explained upon
examination of the causes of viscosity. The resistance of a fluid to shear
depends upon its cchesion and upon its rate of transfer of molecular
momentum. A liquid, with molecules much more closely spaced than a gas, has
cohesive forces much larger than a gas. Cohesion appears to be the
predominant cause of viscosity in a liquid and since cohesion decreases with
temperature, the viscosity does likewise. A gas, on the other hand, has very

small cohesive forces. Most of its resistance to shear stress is the result of the

transfer of momentum.

17



As a rough model of the way in which momentum transfer gives rise to
an apparent shear stress, consider two idealized railroad cars loaded with
sponges and on parallel tracks, Assume each car has a water tank and pump,
arranged so that the water is directed by nozzles at right angles to the track.
First, consider A stationary and B moving to the right, with the water from its
nozzles striking A and being absorbed by the sponges. Car A will be set in
motion owing to the component of the momentum of the jets which is parallel
to the tracks, giving rise to an apparent shear stress between A and B. Now if A
is pumping water back into B at the same rate, its action tends to slow down B,
and equal and opposite apparent shear forces result. When A and B are both
stationary or have the same velocity, the pumping does not exert an apparent

shear stress on either car.

Within fluid there is always a transfer of molecules back and forth
across any fictitious surface drawn in it. When one layer moves relative to an
adjacent layer, the molecular transfer of momentum brings momentum from
one side to the other so that an apparent shear stress is set up that resists the
relative motion and tends to equalize the velocities of adjacent layers in a

manner analogous to that of the measure of the motion of one layer relative to
an adjacent layer is du/dy.

Molecular activity gives rise to an apparent shear stress in gases which
in more important than the cohesive forces, and since molecular activity
increases with temperature, the viscosity of a gas also increases with
temperature.

For ordinary pressures viscosity is independent of pressure and depends
upon temperature only. For very great pressures gases and most liquids have
shown erratic variations of viscosity with pressure.

A fluid at rest, or in motion so that no layer moves relative to an

adjacent layer will not have apparent shear forces set up, regardless of the
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viscosjty, because du/dy is zero throughout the fluid. Hence, in the study of
fluid static, on shear forces can be considered because they do not occur in a
static fluid, and the only stresses remaining are normal stresses, or pressures.
This greatly simplifies the study of fluid statics, since any free body of fluid
can have only gravity forces and normal surface forces acting on it.

h=—
du/dy

1.6 Mammalian

"Tetrapods with young nourish by milk from mammary glands of
females; most viperous and covered with hair; only vertebrates with only one
bone in each side of lower jaw. The mammals monotremes (echidna and
duckbilled platypus), marsupials (e.g. opossum, kangaroo) and placental
mammals (e.g. human, whales rodents, dogs cattle, elephants, horses) that
means warm blooded animals whose young are nourished by milk from the

mammary glands of the female parent.

Pregnancy begins with the fertilization of the ovum and terminates with
the birth of the offspring. In mammals fetilization normally occours in the
ovarian end of the uterine or Fallopian tube. The fertilized ovum begins at once
to undergo cleavage to form a morula mass or soild cluster of cells called
blastomeres. While this early development is in progress, the ovum is carried
through the uterine tube into the uterus. Cleavage of the egg in marsupial and
placental mammals is holoblastic and nearly equal.

The morula of mammals differentiates into the blastocyst or
blastodermic vesicle which at the time of implantation consists of an outer
capsular layer and an inner central mass. The outer layer of blastomerse is

known as the trophoblast, and the inner central group in referred to as the inner
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cell mass. A median section through the blastocyst shows the inner cell mass
adhering to the trophoblast on the side and separated from the remainder of it
by a fluid-filled cavity known as the blalstocoel or primitive segmentation
cavity. The latter probably never exists in human development. The trophoblast
is destined to form a part of one of the fetal membrance, the chorion. The inner

cell mass gives rise to the various germ layers of the embryo.

From the unattached side of the inner cell mass, cells are delami- nated
to from the entodermal layer. They proliferate along the inner surface of the
trophoblast, line the blast cyst, and form a spherical sac, the yolk sac. The
remainder of the inner cell mass is now termed the ectodermic layer. Near the
region bordering the trophoblast, it hollows out to form the amniotic cavity.
The ectoderm of the floor of this cavity and the entoderm of the roof of the
yolk sac are now in apposition and form a cellular plate, called the embryonic
disc or blastoderm, which gives rise to the embryo proper. In the center of the
long axis of the disc appears an elongated thickening known as the primitive
streak. Primitive streak to form mesoderm. Extra-embryoinc mesoderm fills in
between the yolk sac and the trophoblast. It undergoes a splitting process into
two layers, and outer or somatic layer and an inner or splanchnic layer. In
primates the extra-embryonic mesoderm has a separate origin from the
mesderm of the embeded in the uterine mucosa (now called the decidua)
through the activity of the trophoblastic layer of calls which secrete a cytolytic
enzyme thet erodes neighboring uterine tissue. Since the developing mammal
depends on the mother for oxygen and nutritive substances and for the
elimination of carbon dixide and other wastes of fetal metabolism, the fetal
membranes (yolk sac, allantois, chorion and amnion) begin to develop at an

early date. Considerable diversity exists in the origin, size, and functions of

these membranes in various mammals.
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1.7 Arteries

Arteries are vessels which convey blood from the heart to the tissues of
the body. According to size, they are divisible into the large, the medium-sized,
and the small arteries. The large arteries include the aorta, the innominate, the
subclavians, the common carotids, the common iliacs, and the pulmonary
artery, Nearly all the remaining named arteries are medium-sized. Small
arteries are found in the tissues and organs where, for the most part, they are
unnamed. According to their structure, arteries are divisible into elastic and

muscular arteries.

The arterial wall consists of the coats: an inner coat (tunica intima, or
interna), a middle coat (tunica media), and an outer coat (tunica externa, or
adventitia). The architecture of a medium-sized artery is first described. The
tunica intima consists of three strata, the innermost being a layer of
endothelium, the outermost a layer of elastic tissue, the internal elastic
membrane, and between the two is a layer of fine collagenic connective tissue.
The tunica media, usually the thickest of the elastic tissue, and fibrous
connective tissue. The tunica adventitia consists largely of fibrous connective
tissue and contains small, nutrient blood vessels, the vasa vasorum. The large
artery differs from the medium-sized artery in that it contains an excess of
elastic tissue and proportionately les smooth muscle. In the small arteries there

is a relative incresase of smooth muscle and a relative decrease of elastic tissue.

The walls of the arterioles consist of three layers, intima, media, and
adventitia. Little elastic tissue is present, but smooth muscle is present in a
proportionately large amount and accounts for the fact that the arteriole

possesses a relatively thicker wall than any other vessel of the arterial system.

The smooth muscle in the arteriole has and excellent nerve supply, and hence

the central nervous system exercises an exquisite control over the caliber of its

lumen.
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The pulmonary artery carries venous blood from the right ventricle of
the heart to the lungs. It arises from the conus arteriosus and passes almost
directly dorsad, lying laterosinistrad of the ascending aorta. Upon reaching the
aortic arch, the pulmonary artery is brought into close relation with the
concavity of the arch by an arterial ligament, the ligamentum arteriosum the
remnant of a canal, the ductus Botalli, which formed, in the fetal life of the cat,

a connection between the pulmonary artery and the aorta.

The left branch of the pulmonary artery passes ventrad of the de-
secending aorta to the left lung. Since the left branch of the pulmonary artery
divides at a point craniad of all the lobes of the lung, this lung is regarded to be

hyparterial in reference to the pulmonary artery.

The right branch of the pulmonary artery turns dextrad at the conavaity
of the aortic arch to run dorsad of the ascending aorta and superior vena cava.
As the right branch of the pulmonary artery emerges from beneath the dorsal
surface of the superior vena cava, it divides to send a branch to the cranial lobe
of the right lung, and then continues caudolaterad toward the second proximal
lobe of the right lung. Since the cranial lobe of the right lung lies craniad of the
primary division of the rightbranch of the pulmonary artery, it is referred to as
being eparterial in reference to the pulmonary artery. The other lobes of the

right lung, lying caudad of the primary division of the right pulmonary branch,

are hyparterial.

1.8 Blood vessels

These are ting pipes through thick blood circulates, The blood vessels

supply the skin with fresh blood, which contains nutrients and oxigen, and

carry away waste products, The blood in its passage from the heart to the

tissues and back again passes through six principal types of vessels: the elastic

arteries, the muscular arteries, the arterioles, the capillaries, the venules, and
3
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the veins. This entire system of tubes is lined by a single layer of flattended
epithelial cells, the endothelium. Outside the endothelium, in all vessels except
the capillaries, several layers of tissue are present. The con struction of the

various vessels is related to the function they perform in the circulatory system.

Arteries are vessels which convey blood from the heart to the tissues of
the body. According to size, they are divisible into the large, the medium-sized,
and the small arteries. The large arteries include the aorta, the innominate, the
subclavians, the common carotids, the common iliacs, and the pulmonary
artery, Nearly all the remaining named arteries are medium-sized. Small
arteries are found in the tissues and organs where, for the most part, they are
unnamed. According to their structure, arteries are divisible into elastic and

muscular arteries.

The arterial wall consists of the coats: an inner coat (tunica intima, or
interna), a middle coat (tunica media), and an outer coat (lunica externa, or
adventitia). The architecture of a medium-sized artery is first described. The
tunica intima consists of three strata, the innermost being a layer of
endothelium, the outermost a layer of elastic tissue, the internal elastic
membrane, and between the two is a layer of fine collagenic connective tissue.
The tunica media, usually the thickest of the elastic tissue, and fibrous
connective tissue. The tunica adventitia consists largely of fibrous connective
tissue and contains small, nutrient blood veessels, the vasa vasorum. The large
artery differs from the medium-sized artery in that it contains an excess of
elastic tissue and proportionately less smooth muscle. In the small arteries there

is a relative incresase of smooth muscle and a relative decrease of elastic tissue.

The walls of the arterioles consist of three layers, intima, media, and

adventitia. Little elastic tissue is present, but smooth muscle is present in a

proportionately large amount and accounts for the fact that the arteriole

possesses a relatively thicker wall than any other vessel of the arterial system.
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The smooth muscle in the arteriole has and excellent nerve supply, and hence

the central nervous system exercises an exquisite control over the caliber of its

lumen.

Capillaries are extremely fine vessels with a minimal luminal diameter
in man of approximately eight microns. They form plexuses with one another
and connect the arterioles and the venules. The wall of the typical or true
capillary consists of plate like endothelial cells held together by an intercellular

cement substance. In certain organs of the body such as the liver, the vascular
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