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Understanding the electrical and fluid conductance of blood vessels is
essential in fields like physiology, biomedical engineering, and
cardiovascular medicine. The conductance of a blood vessel influences blood
flow, resistance, and overall cardiovascular health. In this article, we will
explore in detail how to calculate the conductance of a blood vessel with
specific dimensions—namely, a diameter of 1.0 millimeter and a length of 10
centimeters—filled with blood. We will delve into the principles behind
conductance, relevant formulas, and the practical significance of these
calculations.

Introduction to Conductance in Blood Vessels

Blood vessels are essential components of the circulatory system, responsible
for transporting blood, nutrients, and oxygen throughout the body. The flow
of blood through these vessels can be described using principles similar to
those in electrical circuits—where conductance, resistance, and voltage
(pressure difference) play key roles.

Conductance in the context of blood vessels refers to their ability to allow
blood to flow under a given pressure difference. It is the reciprocal of
hydraulic resistance and is influenced by factors like vessel diameter,
length, blood viscosity, and vessel wall properties.

In the context of physiology, understanding the conductance of a vessel helps
in assessing:

- Blood flow rates
- Vascular health and compliance
- The impact of pathological conditions like narrowing or blockage



Fundamental Concepts and Definitions

Before proceeding to calculations, it is essential to understand some
fundamental concepts:

1. Blood Vessel Geometry

- Diameter (d): The internal width of the vessel, which affects flow rate
significantly.
- Length (L): The distance from one end of the vessel to the other.

2. Blood Properties

- Viscosity (n): A measure of blood's resistance to flow, typically around
3-4 cP (centipoise).

- Density: Usually not directly relevant for conductance calculations but
important for other flow parameters.

3. Conductance (G)
- In fluid dynamics, conductance relates the volumetric flow rate (Q) to the

pressure difference (AP):

\ [
G = \frac{Q}{\Delta P}
\1]

- Units: Typically expressed in mL/(min-mm Hg) in physiological contexts.

4. Hydraulic Resistance (R)
- The inverse of conductance:
\ [

R = \frac{\Delta P}{Q}
\1

Calculating Conductance of a Blood Vessel

The calculation of conductance for a cylindrical blood vessel is based on
principles from Poiseuille's law, which describes laminar flow of a Newtonian
fluid through a pipe.



Poiseuille's Law

For a cylindrical vessel:

\ [

Q = \frac{\pi \, r~4 \, \Delta P}{8 \, \eta \, L}
\]

Where:

- \(Q\): Volumetric flow rate

- \(r\): Radius of the vessel

- \(\Delta P\): Pressure difference across the vessel length
- \(\eta\): Dynamic viscosity of blood

- \(L\): Length of the vessel

Rearranged to express conductance:

\ [
G = \frac{Q}{\Delta P} = \frac{\pi \, r*4}{8 \, \eta \, L}
\1

Thus, the conductance \(G\) depends on vessel radius, blood viscosity, and
vessel length.

Step-by-Step Calculation

Let's now proceed with the specific data:

- Diameter of vessel, \(d = 1.0\, \text{mm} = 0.1\, \text{cm}\)

- Length of vessel, \(L = 10\, \text{cm}\)

- Blood viscosity, \(\eta \approx 3.5\, \text{cP} = 3.5 \times 107{-3}\,
\text{Pa-s}\) (approximate average)

Note: For consistency, we'll convert all units to SI units.
Step 1: Convert dimensions to SI units
- Diameter, \(d = 1.0\, \text{mm} = 1.0 \times 107{-3}\, \text{m}\)

- Radius, \(r = \frac{d}{2} = 0.5 \times 107{-3}\, \text{m}\)
- Length, \(L 10\, \text{cm} = 0.10\, \text{m}\)

Step 2: Write the conductance formula

\ [
G = \frac{\pi r~4}{8 \eta L}
\1]



Step 3: Plug in the values

\ [

G = \frac{\pi \times (0.5 \times 107{-3})"4}{8 \times 3.5 \times 107{-3}
\times 0.10}

\1

Calculating numerator:

\ [

(0.5 \times 107{-3})"4 = (0.5)"4 \times 107{-12} = 0.0625 \times 107{-12} =
6.25 \times 10"{-14}

\1

Then,

\ [

\text{Numerator} = \pi \times 6.25 \times 107{-14} \approx 3.1416 \times 6.25
\times 10"{-14} \approx 19.634 \times 107{-14} = 1.9634 \times 10"{-13}

\1

Calculating denominator:

\ [

8 \times 3.5 \times 10™{-3} \times 0.10 = 8 \times 3.5 \times 10"{-4} = 28
\times 10°{-4} = 2.8 \times 10"{-3}

\1]

Step 4: Final calculation

\ [

G = \frac{1.9634 \times 10™{-13}}{2.8 \times 107{-3}} \approx 7.012 \times
107{-11}\, \text{m}"3/(\text{Pa} \cdot \text{s})

\1]

Note: This is the conductance in SI units, representing volumetric flow per
pressure difference.

Interpreting the Results

The calculated conductance:

\ [
G \approx 7.01 \times 10"~{-11}\, \text{m}"3/(\text{Pa} \cdot \text{s})
\1

This value indicates that for every Pascal (Pa) of pressure difference across



the vessel, approximately \(7.01 \times 107{-11}\) cubic meters of blood will
flow per second.

In physiological terms, this conductance value helps estimate flow rates
given known pressure differences, or vice versa. For example, if the pressure
difference across the vessel is known, the blood flow rate can be directly
calculated:

\ [
Q = G \times \Delta P
\]

where \(\Delta P\) is in Pascals, and \(Q\) will be in cubic meters per
second.

Practical Significance of Conductance
Calculations

Understanding vessel conductance has several practical applications:

- Cardiovascular Disease Assessment: Narrowed or blocked vessels decrease
conductance, leading to reduced blood flow.

- Design of Medical Devices: Stents and grafts are designed considering
conductance to restore proper blood flow.

- Pharmacological Interventions: Drugs that dilate or constrict vessels alter
conductance, impacting blood pressure and flow.

- Simulation and Modeling: Computational models of blood flow rely on
accurate conductance parameters to predict physiological responses.

Additional Factors Affecting Conductance

While the theoretical calculation provides a baseline, real-world conditions
introduce complexities:

- Vessel Wall Compliance: Elasticity can affect flow characteristics.

- Blood Non-Newtonian Behavior: Blood viscosity varies with shear rate,
affecting conductance.

- Presence of Plaque or Clots: Blockages reduce effective vessel diameter and
conductance.

- Vessel Branching: Connectivity and bifurcations influence overall vascular
conductance.



Conclusion

Calculating the conductance of a blood vessel involves understanding the
relationship between vessel geometry, blood properties, and flow dynamics.
Using Poiseuille’s law, we derived that a 1.0-mm diameter, 10-cm long vessel
filled with blood has a conductance of approximately \(7.01 \times 10™{-11}\,
\text{m}"3/(\text{Pa} \cdot \text{s})\). This measure is crucial in
physiological assessments and medical device design, aiding in understanding
and optimizing blood flow for health and therapeutic purposes.

By mastering these calculations and their implications, healthcare
professionals and biomedical engineers can better evaluate vascular health,
design effective treatments, and develop more accurate models of circulatory
dynamics.

Frequently Asked Questions

What is the formula to calculate the conductance of
a blood vessel?

The conductance (G) of a blood vessel can be calculated using Poiseuille's
law: G = (m r™4) / (8 n L), where r is the radius, n is the blood viscosity,
and L is the length of the vessel.

How do you convert the diameter of a blood vessel to
its radius for conductance calculations?

The radius is half of the diameter. So, if the diameter is 1.0 mm, the radius
is 0.5 mm or 0.0005 meters.

What units are typically used for blood vessel
dimensions when calculating conductance?

Dimensions are generally converted to SI units: radius and length in meters
(m), viscosity in Pascal-seconds (Pa-s), resulting in conductance in units
like m3/(Pa-s).

What is the typical blood viscosity used in
conductance calculations?

Blood viscosity varies but is often approximated as about 3.5 to 4.0 cP
(centipoise), which is approximately 0.0035 to 0.004 Pa-s.



How do you convert the given blood vessel dimensions
into SI units for the calculation?

.0 mm = 0.001 m), and

Convert diameter from millimeters to meters (e.g.
= O m). Use these in the

length from centimeters to meters (e.g., 10 cm
formula for conductance.

, 1
0.1

What is the importance of calculating conductance in
blood vessels?

Calculating conductance helps in understanding blood flow efficiency,
resistance, and potential issues like blockages or abnormal vessel behavior
related to cardiovascular health.

Can you provide a step-by-step calculation for the
conductance of this blood vessel?

Yes. First, find the radius: 0.5 mm = 0.0005 m. Use typical blood viscosity n
~ 0.0035 Pars. Apply Poiseuille's law: G = (m (0.0005)"4) / (8 0.0035 0.10).
Calculating this yields the conductance in appropriate units.

What is the approximate conductance value for a 1.0-
mm-diameter, 10-cm-long blood vessel filled with
blood?

Using the given dimensions and typical blood viscosity, the conductance is
approximately 2.7 x 10-° m3/(Pa-s). Exact value depends on specific blood
viscosity used.

Why is vessel diameter such a critical factor in
conductance calculations?

Because conductance depends on the fourth power of the radius, small changes
in diameter significantly affect blood flow and vessel conductance,
highlighting the importance of vessel health and diameter in circulatory
efficiency.

Additional Resources

Part A: What Is The Conductance Of A 1.0-mm-Diameter, 10-cm-Long Blood Vessel
Filled With Blood?

Understanding the conductance of blood vessels is crucial in cardiovascular
physiology, biomedical engineering, and clinical medicine. This article
explores the fundamental principles behind vascular conductance, provides
detailed calculations for a specific vessel, and discusses the implications



for blood flow and health. We examine the parameters of a blood vessel with a
diameter of 1.0 mm and a length of 10 cm, filled with blood, and derive its
conductance based on fluid dynamics principles.

Introduction to Vascular Conductance

The circulatory system relies on a complex network of blood vessels to
deliver oxygen and nutrients efficiently throughout the body. The flow of
blood through these vessels depends on various factors, including the
vessel's geometry, blood viscosity, and pressure gradients. Conductance, a
key concept in this context, quantifies the ease with which blood can flow
through a vessel.

Definition of Conductance

In fluid dynamics, conductance (G) is defined as the proportionality constant
between volumetric flow rate (Q) and the pressure difference (AP):

\[ Q = G \times \Delta P \]

Where:

- \( Q \) is the volumetric flow rate (e.g., in mL/sec)

- \( \Delta P \) is the pressure difference across the vessel (e.g., in mm
Hg)

- \( G \) is the conductance (e.g., in mL/sec/mm Hg)

Conductance is related to the vessel's geometry and the fluid's properties,

primarily viscosity. Its reciprocal, vascular resistance, indicates how much
the vessel opposes blood flow.

Fundamental Principles: Hagen-Poiseuillle Law

The calculation of conductance for laminar flow in cylindrical vessels relies
on the Hagen-Poiseuille law, which describes the flow of an incompressible,
Newtonian fluid through a rigid tube.

Hagen-Poiseuille Equation

\[ Q = \frac{\pi r"4}{8 \eta 1} \times \Delta P \]

Where:
- \( r\) is the vessel radius



\( \eta \) is the dynamic viscosity of blood
- \( L \) is the length of the vessel
\( \Delta P \) is the pressure difference

Rearranged, the conductance \( G \) becomes:
\[ G = \frac{Q}{\Delta P} = \frac{\pi r~4}{8 \eta 1} \]

This fundamental equation illustrates that conductance depends strongly on
the vessel's radius (raised to the fourth power), highlighting the importance
of small changes in vessel diameter.

Parameters for the Calculations

To compute the conductance of our specific vessel, we need to establish the
relevant parameters:

- Vessel Diameter (\( d \)): 1.0 mm

- Vessel Radius (\( r \)): \( d/2 = 0.5\, \text{mm} = 0.5 \times 107{-3}\,
\text{m} \)

- Vessel Length (\( 1 \)): 10 cm = 0.10 m

- Blood Viscosity (\( \eta \)): Approximate dynamic viscosity of blood at
37°C is around 3.5 cP (centipoise). Conversion:

\ [

1\, \text{cP} = 0.001\, \text{Pa} \cdot \text{s}
\1]

Therefore,

\ [

\eta \approx 3.5\, \text{cP} = 3.5 \times 0.001\, \text{Pa} \cdot \text{s} =
0.0035\, \text{Pa} \cdot \text{s}
\1

- Pressure Difference (\( \Delta P \)): For conductance calculation, this is
not necessary; we focus on the proportionality constant \( G \).

Calculating the Conductance

Applying the Hagen-Poiseuille formula:



\ [
G = \frac{\pi r*4}{8 \eta 1}
\1]

Plugging in the known values:

\ [
r=0.5 \times 107°{-3}\, \text{m}
\1]

\ [
\eta = 0.0035\, \text{Pa} \cdot \text{s}
\1

\ [
1 = 0.10\, \text{m}

\]

Calculate numerator:

\[
\pi r*4 = \pi \times (0.5 \times 10"{-3})"4
\1

Calculate \( r*4 \):

\ [

(0.5 \times 107{-3})"4 = (0.5)"4 \times (10"{-3})"4 = 0.0625 \times 10"{-12}
= 6.25 \times 10"{-14}

\1

Thus:

\ [

\pi r*4 = \pi \times 6.25 \times 107{-14} \approx 3.1416 \times 6.25 \times
10~{-14} \approx 19.634 \times 107{-14} = 1.9634 \times 10"{-13}

\1]

Calculate denominator:

\ [
8 \eta 1 = 8 \times 0.0035 \times 0.10 = 8 \times 0.00035 = 0.0028

\1]

Finally, compute the conductance:

\ [

G = \frac{1.9634 \times 107{-13}}{0.0028} \approx 7.012 \times 10"~{-11}\,
\text{m}"3/\text{Pa} \cdot \text{s}

\1]



Interpreting the Results

The calculated conductance:

\ [
G \approx 7.01 \times 107{-11}\, \text{m}"3/\text{Pa} \cdot \text{s}
\1]

This value indicates the vessel's capacity to conduct blood flow per unit
pressure difference. To contextualize this:

- Conversion to Standard Units:

Since blood flow is often expressed in mL/sec and pressure in mm Hg,
conversion factors are necessary.

- Conversion of Conductance Units:
1 m™3 = 1076 mL

1 Pa = 7.5 mm Hg

Therefore,

\ [

G {\text{mL/sec/mm Hg}} = G \times \frac{1076\, \text{mL}}{1\, \text{m}"3}
\times \frac{l\, \text{Pa}}{7.5\, \text{mm Hg}}

\1]

Calculating:

\ [

G {\text{mL/sec/mm Hg}} = 7.01 \times 107{-11} \times 107{6} \div 7.5 \approx
\frac{7.01 \times 107{-5}}{7.5} \approx 9.35 \times 10"{-6}

\1

Thus, the conductance in practical units:

\ [
G \approx 9.35 \times 10"{-6}\, \text{mL/sec/mm Hg}
\1]

This extremely small value reflects the narrow diameter and short length of
the vessel, consistent with physiological expectations.



Implications for Blood Flow and Vascular Health

Understanding conductance at this microvascular level is vital for multiple
reasons:

- Flow Regulation: Small changes in vessel diameter (vasoconstriction or
vasodilation) can lead to significant shifts in conductance due to the \( r~4
\) dependence. This is central to blood flow regulation.

- Pathophysiology: Diseases like atherosclerosis cause narrowing of vessels,
drastically reducing conductance, which can impair tissue perfusion.

- Medical Devices and Interventions: Knowledge of conductance informs the
design of microcatheters, stents, and drug delivery systems.

- Clinical Assessments: Non-invasive imaging techniques aim to estimate
vessel conductance indirectly, aiding in diagnosis.

Limitations and Assumptions

While the calculation provides a theoretical estimate, several assumptions
must be acknowledged:

- Laminar Flow: Hagen-Poiseuille law applies strictly to laminar, steady,
incompressible flow in rigid tubes. Real blood flow can be pulsatile and
sometimes turbulent.

- Blood as Newtonian Fluid: Blood exhibits non-Newtonian behavior, especially
at low shear rates, though at high shear rates typical in arteries, it

approximates Newtonian fluid.

- Rigid Vessel Walls: Vessel elasticity and compliance influence flow
dynamics but are not accounted for in this simplified model.

- Constant Viscosity: Blood viscosity varies with hematocrit, temperature,
and flow conditions.

Conclusion

The conductance of a 1.0-mm-diameter, 10-cm-long blood vessel filled with
blood is approximately \( 9.35 \times 10~{-6} \) mL/sec/mm Hg, or



equivalently, about \( 7.01 \times 107{-11} \) m~3/Pa-s. This quantitative
assessment underscores the sensitivity of blood flow to vessel geometry and
highlights
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