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As previously explained, blood flow is
primarily laminar, or streamlined, occurring
in distinct layers. We also described the
parabolic velocity profile of this laminar
flow. Subsequently, it was noted that under
certain physiological or pathological
conditions, blood flow becomes turbulent,
losing its laminar organization and moving
in multiple directions rather than in layers.
Consequently, it is necessary to have
methods to predict whether blood flow will
be laminar or turbulent.



Reynolds number

* Rn : Inertia / Friction

v" Reynolds number represents the ratio between inertial and frictional
forces in the blood.



where

Nz = Reynolds number
p = Density of blood
d = Diameter of blood vessel
v = Velocity of blood flow
N = Viscosity of blood

v A higher Reynolds number indicates a greater

tendency for blood flow to become turbulent,
meaning turbulence occurs when inertial
forces dominate over viscous forces.

v" Although blood density contributes to the

Reynolds number, it is physiologically the least
important factor because it rarely changes or
has significant clinical implications. In
contrast, the diameter of a blood vessel is more
influential: a larger diameter increases the
Reynolds number and, consequently, the
tendency toward turbulence. Similarly, higher
blood velocity increases the Reynolds number
and promotes turbulence.

Conversely, higher blood viscosity, which
reflects the frictional forces between blood
cells, lowers the Reynolds number and reduces
the tendency for turbulent flow... next slide
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Reynolds number

A) Vessels Diameter

When comparing vessels of different
diameters, a larger diameter allows more
layers of blood to flow, increasing the

1 — __ likelihood of turbulence compared to a

_— smaller diameter, which restricts the
potential for turbulent flow.

B) Blood velocity

Higher flow velocity increases the Reynolds

number and the tendency toward turbulence,

analogous to vehicles on a highway: the faster
s — the traffic moves, the greater the chance for

disorderly movement.

reflects the proportion of particles such as red
blood cells, affects frictional forces. Higher

— o 9, viscosity increases internal friction and
=7 =3 promotes laminar flow, thereby reducing the
© .9 o likelihood of turbulence. Conversely, lower

viscosity decreases frictional resistance,
allowing greater potential for turbulent flow.
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In Summary:

1) Inflate cuff 1 above systolic — no blood flow
— no sound.

2) Gradually deflate cuff | — blood flows
turbulently — first sound = systolic BP.

3) Fully deflate cuff | — laminar flow — no
sound = diastolic BP.

Laminar blood flow is generally silent, whereas turbulent
flow is audible. Turbulent flow is responsible for the
cardiovascular sounds detected with a stethoscope,
including bruises and murmurs, and it forms the basis for
the auscultatory method of measuring blood pressure

In this method, a cuff connected to a mercury
sphygmomanometer is placed on the arm, and a
stethoscope is positioned over the antecubital artery, The
cuff is then inflated until its pressure exceeds the systolic
blood pressure, at which point blood flow ceases and no
sound is heard.

As the cuff is gradually deflated, blood begins to flow
through the partially compressed artery, creating
turbulent flow, The first audible sound corresponds to
the systolic blood pressure, This occurs because the
narrowing of the vessel increases the Reynolds number,
thereby increasing the tendency for turbulence, which
produces the audible sound.

Further deflation of the cuff eventually allows the artery
to fully reopen, restoring laminar flow and eliminating
audible sounds. The point at which sounds disappear
corresponds to the diastolic blood pressure.



Reynolds number clinical implications

* Anemia

* Polycythemia

* Pregnancy

* Thrombus

* Shock

* Stenosis

* Hyperthyroidism

v Under normal physiological conditions, the

Reynolds number typically ranges between 200
and 400, indicating predominantly laminar
blood flow except at branching points or
regions of high flow velocity, such as the aorta,
When the Reynolds number exceeds 2000,
turbulent blood flow is predicted in most
vessels.

In clinical cases, it is important to assess whether
a given condition would result in a Reynolds
number higher or lower than normal, and to
understand the underlying mechanisms (The
doctor asked about these clinical conditions, |
will explain them in the next slide)



Reynolds number clinical implications

1.Anemia — Blood is less thick (] viscosity), so it flows
more easily, This can make the flow more likely to
become turbulent (1 turbulence).

2.Polycythemia — Blood is thicker (1 viscosity), which
slows down turbulence (| turbulence).

3.Pregnancy — Heart pumps more blood (1 cardiac
output), so blood flows faster (1 velocity) — 1
Reynolds number —(| turbulence).

4.Thrombosis — A blood clot slows blood flow (|
velocity) — | Reynolds number —(| turbulence).

5.Shock — Heart pumps less blood (| cardiac
output) — | velocity — | Reynolds number
—(| turbulence).

6.Stenosis — Narrowed blood vessel — blood
has to move faster through the tight space (1
velocity) — 1 Reynolds number — 1
turbulence.

7.Hyperthyroidism — Heart pumps more
blood (1 cardiac output) — 1 velocity — 1
Reynolds number — 1 turbulence.



Velocity of blood flow

v' Velocity is defined as the distance traveled per unit of time
and can also be expressed as the flow rate divided by the
cross-sectional area of the blood vessel.

*V=F/A
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Area (A) 1 cm? 10 cm? 100 cm?

Flow (Q) 10 mU/s 10 mL/s 10 mL/s
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Area (A) 1 cm? 10 cm? 100 cm?
Flow (Q) 10 mUs 10 mL/s 10 mL/s
Velocity (v) 10 cm/s 1cm/s 0.1 cm/s

v thelarger the cross-sectional area or diameter, the lower the blood
velocity. Therefore, there is an inverse relationship between cross-
sectional area and blood velocity.

% in which segment of the vasculature would you expect the highest blood
velocity?




v The aorta exhibits the highest blood velocity,
despite its large diameter, This can be
understood by considering that blood velocity
is inversely related to cross-sectional area
when flow is constant, This is important
because the aorta acts as a conduit,
transferring blood from the left ventricle to the
smaller downstream vessels after dampening
the pulsatility of the flow.

v If we compare the total flow through the major
arteries, arterioles, capillaries, venules, and
veins, the total cross-sectional area of each
segment becomes critical Because the body
contains an enormous number of capillaries—
billions in total—the capillaries collectively have
the largest cross-sectional area, which results
in the lowest blood velocity within the
vasculature.




Velocity of blood flow

* Because of the inverse relationship between velocity and
total cross-sectional area, the velocity of blood flow will be
highest in the aorta and lowest 1n the capillaries.

* From the standpoint of capillary function (1.e., exchange of
nutrients, solutes, and water), the low velocity of blood flow
1s advantageous, as 1t maximizes the time for exchange across
the capillary walls.
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v' This figure illustrates the cross-sectional area

and blood volume for each segment of the
vasculature, The capillaries have the largest
cross-sectional area due to their enormous
number, despite having the smallest diameter.
The large cross-sectional area of capillaries
results in the lowest blood velocity, which is
critical for efficient nutrient and gas exchange
between blood and tissues.

Next are the veins, which also have a relatively
high cross-sectional area, resulting in low blood
velocity, In addition, veins possess unique
characteristics, such as high compliance and
capacity, which allow them to store the largest
proportion of blood in the body, functioning as
a blood reservoir.
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All the information mentioned by the doctor here has been mentioned previously.



Series resistances

* Within organ.

* The total resistance of the system arranged 1n series 1s equal
to the sum of the individual resistances.

* The total resistance of a vascular bed 1s determined 1n large
part by the arteriolar resistance.

* When resistances are arranged 1n series, the total flow at each
level of the system 1s the same.



Series resistances

* Although total flow 1s constant at each level 1n the series, the

pressure decreases progressively as blood flows through each
sequential component.

* The greatest decrease 1n pressure occurs in the arterioles
because they contribute the largest portion of the resistance.
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SERIES RESISTANCES

Rtotal = R1 + Rg + R3 + R4 + R5

R1 R2 R3 R4 RS
Artery Arteriole Capillary Venule Vein

v" Increasing the resistance in any individual segment will increase the
total resistance. For example, in chronic hypertension, arterioles
constrict, which increases their resistance (As a reminder, the radius
of the vessel is the most important factor controlling resistance)
Therefore, increasing resistance in the arterioles increases the total
vascular resistance.



v In a parallel
organs and

Parallel resistances

arrangement, such as when the aorta branches into different arteries to supply blood to various
systems, each branch acts as a parallel circuit, This arrangement is important because it allows

individualized control of blood flow to each organ, relatively independent of blood flow in other organs.

* the total resistance 1n a parallel arrangement 1s less than any
of the individual resistances.

* When blood flow is distributed through a set of parallel
resistances, the flow through each organ is a fraction of the

total b]

o0o0d flow.

 The ef

‘ects of this arrangement are that there 1s no loss of

pressure 1n the major arteries and that mean pressure 1n each
major artery will be the same and be approximately the same
as mean pressure 1n the aorta.



Parallel resistances

* Another predictable consequence of a parallel arrangement 1s
that adding a resistance to the circuit causes total resistance to
decrease.

* 1f the resistance of one of the individual vessels in a parallel
arrangement increases, then total resistance increases.



PARALLEL RESISTANCES

Cerebral (R1) » Consider a scenario in which one of

these parallel circuits is removed—for
example, a patient undergoing
nephrectomy due to kidney disease.
Renal (Rs) With the removal of the kidney, that
parallel circuit is eliminated. The

—’—{ >—'— question arises: what happens to the
Aorta vV

ena cava total vascular resistance in this
Gastrointestinal (R4) patient?

Coronary (Rg)

v' After nephrectomy, the total vascular resistance
Skeletal muscle (Rs) of the system increases because the blood no
longer has that parallel pathway that helped
lower the overall resistance.

Skin (Rs)



Compliance

v' Delta V/ Delta P represents how much volume a blood vessel can accommodate
for a given change in pressure.

* increase 1n vascular smooth muscle tone caused by sympathetic
stimulation increases the pressure at each volume of the arteries
or veins, whereas sympathetic inhibition decreases the pressure at
each volume.

* For example, an increase in vascular tone throughout the systemic
circulation can cause large volumes of blood to shift into the
heart, which 1s one of the principal methods that the body uses to
rapidly increase heart pumping.

* Sympathetic control of vascular capacitance is also highly
important during hemorrhage.
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v" This figure illustrates the relationship between

volume, pressure, and the compliance curve. The
red curve represents the arterial system, whereas
the blue curve represents the venous system. We
aim to examine how a change in blood volume is
accompanied by a corresponding change in
pressure in both systems.

Starting with the arterial system: A volume of
approximately 400 mL corresponds to a pressure
of 0 mmHg. When the pressure increases to 100
mmHg, the blood volume rises to nearly 700 mL.
Thus, a volume change of 300 mL results in a 100
mmHg increase in arterial pressure.
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v" In contrast, the venous system begins with a much

higher baseline volume and much lower pressures.
For example, a volume of about 2,200 mL
corresponds to O mmHg. Increasing this volume by
roughly 300 mL produces a pressure change of less
than 5 mmHg, This demonstrates that veins are far
more compliant than arteries, meaning that a large
change in volume produces only a minimal change
in pressure.

v" This property is clinically important, During fluid

administration or blood transfusion, the venous
system can accommodate significant volumes
without major disturbances in hemodynamics
because of its high compliance and capacitance,
Likewise, during blood loss, veins act as an effective
blood reservoir.



Pressure (mm Hg)

140 4

120 +

—

o

o
1

(00}
o
1

60 -

40 -

20 -+

0

Volume-Pressure Curve

Sympathetic stimulation

N

Sympathetic inhibition

Normal volume

Arterial system

Venous system

0

500 1000 1500 2000 2500 3000 3500
Volume (ml)

v The figure also shows the effect of

sympathetic stimulation and sympathetic
inhibition on both arteries and veins.
Sympathetic activation stimulates vascular
smooth muscle—primarily in the arterioles—
causing vasoconstriction. As a result, ata
pressure of 100 mmHg, the arterial volume
decreases from about 700 mL (normal) to
roughly 300 mL with sympathetic stimulation.
A similar reduction in volume per pressure
occurs in the venous system. This mechanism
isimportant when an increase in venous
return or cardiac output is required, as blood
volume is shifted centrally.



\.@40 BM\;W‘}!\AX\J

64_\.1;40} 64\._\.31_\9 dj.lcu.ij ‘uéjy\ju‘jw\djté ?@jhj*)wu\uﬂﬂuy GL@A)M‘je)SaJ\ JA\M‘AM\ c.\.A.mL\eS,J‘
MM&J\)AM\&J\ ;m\eluweju\ulswj ceju\u)uuau)&eﬂd\ uwu\e_\céh_gé\_\mmj cd\_\mj
\.uiacuj\.u‘m\ ;.\.A.ua\eb_\u).uu\s ‘QJ-’-‘)

\.g_mjcelumdstgcc_é;ﬁu\t_\m\ﬁodcL_U\P@A_Mmja&\cm\ﬂ\ﬁﬂw\)@kﬁ
ellall s JE"  Hena) J st Balial) G 538 <Gy Saall oo 138 ¢l ¥) (s 5 bl ol Al s allansl 5 s iy oLad)
RS A RN - PR S RN PUBNPERRISE i ) JU o grue i) 48 e 1308 o jme 482 Lo at ) duia b in 3 J

UMJMJJJLISLLSJM&JECDJMSJOJA\)MUQd\.uj‘bbj@\e&\j6MSJW\LJ)MU\&_}SL‘\JLAJ\LjALR.\j\C})JJ‘CJJ.L\
"uwuﬁjoguu\u‘)z_au\é}\wwu@jm‘)\ﬁf

u:\d)mdhc_gjcumw‘s.‘sé\mhmhsMmdﬂacé\_aku\joﬁu\u\dhd\wwujJM&\u\mauudujﬂ a2l 2
#1530 asan o3 3 ke 13 5 L may 3iail 5 L alal) Cilin e (e e cL@_\"ij@_\h;}AUAGAML;MJJLmdﬁﬁ" |
Al D LYy eLa¥ s e300 IR 5 catally elally el s oy e ol 3 5 vl olad o Sl sall s e 3 2 s
V5 Sl sandl 3553 Jliie e iy Y 4l 5 eale 5o gy 5 I Aransy dle 5 50Ua 431 55 JS 5l o 31 s1p (lials adde IS5l 0 e
Melaall g elewd) oatia ) L A gl G i o @;\jﬂ\(dum\jwéﬁ,!\@

L_;buam\ u\elc\a\wd\a GJ.\SJ\L_\MJLT\S\ u&jﬂ\juw\juﬂ\@&M\@@Lu\wé\q’\ﬁm}@uﬂ\&\;mﬁ(’u 3

aadllg o5 Sall e jumy a4 GlIY dual) e 13) ¢ag] Jnd agaliny sdlims oy 4l s clial Jllay Y Jae 4l g ol Uil Jaiy ¥ a8
MMMJof\uaﬁthuuL\jchﬁcgﬂ\

_Mﬁﬂ\mb;w\ﬁ@mjw\odhsécuﬁauuﬂ\u\)d\ JA.\S]HA)AQJ



‘@

PHYSIOLOGY

QUIZ
LECTURE 2

If you want more questions, go to this channel
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