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Introduction
To model human blood circulation, it is necessary to define and use 

many physiological parameters. While some of these data are well-
known and well-defined datasets, some values that have not been 
determined so far are essential for the model describing the blood 
circulation as a whole. This objective can be achieved by having the 
data necessary to use the fluid flow laws.1 Until now, medicine, more 
specifically cardiology, has mainly dealt with the law of intensity, 
or in other words calculated with minute volume.2 The applicability 
of the law of continuity of liquids when determining the parameters 
of the circulation runs into limitations, since two components of the 
relationship are unknown. Even if the intensity is known from the 
quotient of blood volume and blood flow time, the value of the flow 
cross-section area and flow velocity may vary within the product. 
However, if we arbitrarily choose an average blood flow rate in the 
circulation that corresponds in size and quality to clinical experience, 
then the model can be set up. Having the value of the intensity and 
knowing the chosen average flow velocity, the area of the flow cross-
section can be determined. The definition of pressure, work and power 
in a circulation model to be established in relation to the driving force 
is not sufficiently clarified. In the human body, the driving force 
established by the heart as a causal factor is trivial. However, this 
can be paralleled by the idea that the driving force in a model is also 
influenced by the weight of the blood in the vascular system. In this 
way, the maintaining force of the circulation can be determined in the 
model by calculating the value of g on the earth’s surface. This can 
only be defined in a special case, i.e., as a compressive force acting on 
the base of a blood column. This static idea could be represented by 
obeying the compressive force from the weight of the blood column 
by momentarily opening the plate that closes the bottom of the tube 
and letting out a small fragment of it3 by repeatedly returning this 
fraction to the top of the blood column, working against gravity, and 
the method can be made dynamic. This creates a kind of hydrodynamic 
circulation that can even be sustained permanently (n1,2,3…). This is 

similar to that experienced in human blood circulation and figuratively 
corresponds to the fractional functioning of the human heart. It can 
also be compared with the work done during each of its contractions.4

The relationship between the mass of physical bodies 
and biological individuals on the Earth’s surface

The weight (W) of the bodies on the surface of the earth, but also 
of the biological creatures, is equal to the force (F) with which they 
press the surface due to the gravity of the Earth. Weight is the product 
of the mass of bodies (m) and the gravity of the Earth’s surface (g). 
According to Newton’s law of gravitation, the force of attraction (F) 
between the body and the Earth is directly proportional to their masses 
(m, M) and inversely proportional to the square of their distance (r2) 
which is equal with the Earth’ radius (the mass of the Earth at its 
center).5 Since W = F, not only the body on the surface of the Earth 
but also the mass of the individual at a given level of development in 
Darwinian evolution is lost (only the mass of the Earth remains in the 
Formula 1).
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Where G is the gravitational constant (6.673848·10-11m3·kg-1·s-2). 

Figure 1 A simplified representation to explain the relationship 
between human blood circulation and Earth’s gravity (g). From this 
point of view, objects on the earth’s surface and biological beings 
behave similarly. Both exert a force (F) on the earth’s surface in 
proportion to their mass (m). This compressive force is determined 
by the product of the given mass of blood and the value of gravity on 
the earth’s surface (F=m∙g). This force effect provides an opportunity 
to determine other parameters of the circulation (e.g., Wwork). If the 
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Abstract

With the help of the physical laws of flow, it is possible to describe the entire human blood 
circulation. However, this requires precise knowledge of the individual parameters. Within 
this, the determination of the flow rate included in the law of continuity is essential. Together 
with the data of the heart and circulation examination procedures, in order to establish the 
average human blood circulation, an intermediate velocity value must be selected, which is 
located in the middle between the two extreme velocities of the blood circulation. Another 
important factor from the point of view of the structure and operation of the model is the 
value of the earth’s surface gravity. By finding the average flow speed value and using 
‘g’, a torus-shaped circulation can be created, which can actually reflect the circulation 
conditions. By further refining the model, the pulmonary and systemic circulations can be 
separated and a ‘folded figure eight’ model can be formed. This realistically reflects the 
different sizes, flow and pressure conditions of the two blood circulations, as well as the 
work of the left and right sides of the heart.
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circumference of the blood circulation, or the height of its straightened 
version (s) increases, its weight/mass (Wweight; m) also increases in 
parallel. The consequence of which is an increase in the compressive 
force (F) acting on the base (A). This upright static model could be 
represented by using the compressive force resulting from the weight 
of the blood column, momentarily opening the plate delimiting the 
bottom of the tube and releasing a small part of it. If this fraction is 
returned to the top of the blood column by working against gravity 
(Wwork=m∙g∙s), and then repeating this operation several times, the 
method can be made dynamic.

Figure 1 A simplified representation to explain the relationship between 
human blood circulation and Earth’s gravity (g).

Average human blood circulation in relation to the 
laws of fluid flow

There are two fundamental laws regarding the flow of fluids. 
One expresses the flow intensity (Eq.2, left side) the other is the 
law of continuity (Eq.2, right side).6 Using them (separately but also 
together), the intensity (I), length (s), radius (r) and cross-sectional 
area (A) of the circulating fluid as well as the flow velocity (v) can be 
determined with the knowledge of the appropriate members. Since:
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However, Eq. 2 on the left has two unknowns, i.e. A and s are 
unknown. Thus, even if V and t are known, the cross sectional area and 
path cannot be calculated. Eq. 2 on the right also has two unknowns, 
since even if the intensity can be calculated based on the formula on 
the left of Eq.2, A and v cannot be determined separately. However, 
combining the two equations does not give us the opportunity to 
calculate A and s either. In fact, only intensity can be accurately 
determined. According to them, the following limited possibilities 
exist.

Equating the two formulas (left and right of Eq. 2) based on 
intensity (I) and flow cross-sectional area (A):
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After simplifying with A and then with I, a path-time-velocity 
relation valid for the flow laws is obtained. In this way, however, 
the flow cross-sectional area (A) is lost as a key factor, which is 
indispensable for a model that includes all flow-related physical 
factors.

By equating the two laws, the combination of the four factors (A, 
v, s, t) in full compatibility with the others, eliminating uncertainties, 
can correctly reflect the conditions actually occurring in the human 
body in the form of a so-called ‘average human blood circulation 
model’.

The relationship between blood circulation time, 
heart stroke volume, heart rate and flow intensity

To create an average human blood circulation model, it is first 
necessary to determine the single circulation time (tturnaround time or t2π) 
in the human body. This can be measured with various circulation 
testing procedures. This can be done using the dye dilution,7 heat 
dilution,8 or radiocirculation,9,10 method, which takes 25-30 seconds 
in a healthy adult at rest. The volume of blood (Vturnaround volume) for 
this time interval must then be calculated. The most important factor 
in this regard is how much blood the heart pushes to the periphery 
during a contraction, or systole. In a person of average body weight, 
when the left ventricle of the heart is completely filled with blood, its 
so-called end-diastolic volume (EDV) is equal to 120 ml. However, 
when the left ventricle of the heart is in a state after full contraction, 
the end-systolic volume (ESV) is 50 ml. The difference between the 
two volumes equals the so-called stroke volume (sv), which is 70 ml.11 
As another key factor, it is necessary to determine, the time interval 
during which a single contraction of the heart takes place. In medical 
physiology, the number of heart contractions is usually related to 
the duration of one minute. Knowing the number of blood volumes 
resulting from a single heart contraction and the time interval required 
for this, the multiple of the basic unit, the fractional number can be 
determined.12 Dimensional relationship between heartbeats (n) and 
time interval (t; e.g., 1 minute):
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n: heart beat number, t: a certain time interval
According to them, the following ratio pair can be established: 1 

heart contraction or 1 pulse beat is proportional to 1 second, as the 
unknown number of pulses (n) is proportional to the known time 
interval (for example, 30-60 seconds):
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The dimensionless number is obtained by dividing the time 
intervals that take place in the circulation, specifically the time of one 
turn of the circulation (t2π) and the time of one contraction of the heart 
(t1contraction). Since the time dimensions cancel each other, we get the 
number of heart contractions (n).
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The same applies to the proportion of blood volume (V). A larger 
volume means a longer single circulation time. In contrast, a single 
contraction of the heart lasts a short time. The ratio of the two will 
be the same dimensionless number, which the number of heart 
contractions (n). 
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The ratio of the time of one revolution of blood circulation (t2π) and 
the time of systole (t1contraction), as well as their variants, are as follows. 
The ratio of these time variants also shows the interchangeability 
index (nx/ny) between them:
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In terms of volumes (V), the conversion rates of the different 
versions are:
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According to them, in the case of the time dimension (t) and three 
spatial dimensions (V) assigned to the number of heart contractions, 
the result and the conversion rate are similar.

By multiplying the basic unit blood volume (stroke volume, sv) by 
the dimensionless heart contraction number (n), the blood volume can 
be increased to infinity. Specifically, in this case, the amount of blood 
(V2π) will be as follows:

2 25 70 1750 1.75V n sv ml ml Lπ = ⋅ = ⋅ = =                                                                  (11)

If we assign a time dimension to this spatial dimension, i.e. we 
relate the volume to a time interval, we can talk about the blood 
volume per time unit. Moreover, considering the previous case 
(Eq.2, left), which is better known from medical physiology, the data 
concerning the intensity of the flowing fluids (I) corresponds to the 
volume (V) per unit time (t). This value is essentially the same as 
the concept of cardiac output (CO) determined on the basis of blood 
circulation tests. Intensity as a physical parameter corresponds to the 
value known from cardiology as minute volume (I ≈ CO),13 also with 
regard to the same dimensions.

The law of intensity, which corresponds to the cardiac output in 
medicine, is equal to the product of the heart rate, which is variable 
and the stroke volume, which is essentially unchanged (CO=n∙sv). 
Since the heart rate implicitly contains the time interval to which it 
is applied, different values are obtained depending on its value. In 
this way, the blood volume per minute, i.e., the minute volume, is 4.2 
liters/minute (60/minute x 70 ml=4200 ml/minute) for a heart rate of 
60. However, this volume value may change if the data is applied for 
half a minute or 25 seconds. The circulating blood volume (CO) for 
25, 30 seconds or 1 minute is therefore the following:
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The first two CO values increase when projected at a heart rate 
of 60/min, the third remains unchanged. By dividing each CO by the 
ratio 25s/60s=0.41666 and 30s/60s=0.5 and 60s/60s=1, the result 
will be 4.2 L/min respectively (1.75 L/min/0.4166=4.2 L/min, 2.1 L/
min/0.5=4.2 L/min, 4.2 L/min/1=4.2 L/min). 

Projecting these CO values onto a heart rate of 72 contractions in 60 
seconds, i.e., with a heart rate of 72/1minute, considering their ratios 

(25/72=0.3472, 30/72=0.4166, and 60/72=0.8333), the CO value will 
be higher than the previous one (Eq.5). In this way, the output of the 
heart will be 1.75L/0.3472=5.04 L/min and 2.1L/0.4166=5.04 L/min, 
as well as 4.2L/0.833=5.4 L/min, which agrees with our knowledge 
of cardiology.14

These are well-measurable but variable quantities, which can 
increase significantly under submaximal physical load (6-8 L/min). In 
case of an extreme degree of load, which means an increase in static or 
dynamic work performed against the gravitational field, the work of 
the heart and the related performance increase. After reaching a limit 
value, CO reaches its highest value in case of maximum heart rate. In 
the case of a relatively young adult male long-distance runner (from 
a starting value of 42-45/min), if the heart rate increases to a value of 
170-175/min, the CO is as follows: 25s/170=0.147, 30s/170=0.1764, 
60s/170=0.3529, therefore 1.75L/min/0.147=11.9L/min, 2.1L/
min/0.1764=11.9, 4.2L/min/0.353=11.9 L/min.

Cross-sectional area and flow velocity of average 
human blood circulation

However, cardiac output is only a special value that does not 
express the quantitative parameters and qualitative characteristics 
of the complete human blood flow. Therefore, this should be 
supplemented, the following considerations are necessary. 

When determining the cross-sectional area of an average human 
circulation with a circular shape and a circular cross-sectional area 
(A), the following data (V, t, s and v) shall be taken into account. 
Based on Eq. 2, taking the single circulation time (t2π(25)) as 25 s,15 

the circular cross-sectional area (A) of the average circulation is as 
follows: 
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                                  (13)

Another way to determine the intensity of blood flow is to use the 
law of continuity. The law of continuity of flowing fluids, which is 
another obligatory law, gives intensity (Eq.2 right side) as the product 
of the flow cross section area (A) and the flow rate (v). However, 
neither the cross-sectional area through which the blood would flow 
nor its flow rate is known. The situation is further complicated by the 
fact that A and v can change, while the intensity remains unchanged. 
With a smaller cross-sectional area, the flow rate may increase, while 
with a larger cross-sectional area it may decrease (see also Bernoulli’s 
law). Therefore, since this flow formula contains two unknowns, 
in addition to knowing the flow intensity, the average flow velocity 
would be needed to calculate the average cross sectional area. Overall, 
in order to use both laws of flow, the average flow rate should be 
known.

One possible way to determine blood flow velocity is as follows. 
Given that the flow velocity in the capillaries is approximately 1 mm/
s16–18 and that the main artery (aorta) is 1m/s.19,20 the average velocity 
should be somewhere in the middle, i.e., between cm and decimeter. 
A sufficiently accurate value can be determined with this symmetric 
(not based on an arithmetic mean) delimitation method that takes into 
account the extreme values of the circulation and moves from the 
outside towards the center. This average speed is therefore about 5 
centimeters per second or 0.5 decimeters per second. The variability 
of the extreme values (e.g., 1.5 m/s in the aorta or 0.3 mm/s in the 
capillaries) does not significantly change this average value.

https://doi.org/10.15406/jlprr.2023.10.00301


Human blood circulation model based on flow laws of intensity and continuity in relation to earth’s 
surface gravity

49
Copyright:

©2023 Nagy et al.

Citation: Nagy TE, Szolnoki E. Human blood circulation model based on flow laws of intensity and continuity in relation to earth’s surface gravity. J Lung Pulm 
Respir Res. 2023;10(2):46‒54. DOI: 10.15406/jlprr.2023.10.00301

Calculating with the law of intensity, substituting the value of 
velocity (vaverage), the average flow cross-sectional area (A1) is as 
follows.

3 3 3
2 (25) 3 2 2
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Even in the case of an increased blood volume (V2π) in proportion 
to the single circulation time (t30), the flow cross-sectional area (A2) 
will be the same.
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      (15)

Taking into account the law of continuity, by substituting the value 
of velocity (vaverage), the average blood flow cross-sectional area (A) 
can be given as follows:

3 3
3

225
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25, : 14

5 125
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I s sI A v so A cm

cm cmv
s s

⋅
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(The average cross-sectional area will also be similar /A1=A2/ in 
the case of the correspondingly increased flow intensity for 30 and 60 
seconds.)

The length of the average blood circulation by knowing 
the circulation’s single turnaround time

Based on the single circulation time of blood circulation (t2π), 
which is 25-30 s, and its average flow speed (vaverage), which is 5 cm/s, 
the length of the average circulation (s) can be determined:

3
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V cm
Since V A s so s cm
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π
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Alternatively:

2 2s v tπ π= ⋅                                                                            (18) 

For a single turnaround time of 25 seconds, the tube length is as 
follows (see Eq.2):

2
1 5 10 / 25 1.25m ss s m−⋅ ⋅ ==                                                                                            (19)

For a single turnaround time of 30 s, the tube length (s) is:
2

2 5 10 / 30 1.5m s ms s−⋅ ⋅ ==                                                                                              (20)

It can be seen from this that the average length of blood circulation 
under physiological conditions at rest is between 1.25 m and 1.5 m.

The circumference and radius of the average blood 
circulation

For an average blood circulation of round and circular cross-
section (torus), the circumference (C) and radius (r) are as follows:

2 ,
2

C
C r so rπ

π
= ⋅ ⋅ =

⋅
                                                                                       (21)

Since the perimeter (C1) is equal to the length (s1), the radius (r1) 
of the torus is:

1
1
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s m
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π
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⋅
                                                                                       (22)

Since the circumference (C2) is equal to the length (s2), the radius 
(r2) of the circle is:

2
2

1.5
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s m
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π
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⋅
                                                                                       (23)

The product of the two values (V1=A∙s1 and V2=A∙s2) also gives 
the mass of the blood (m), if we take the density (ρ) of blood to be the 
same as that of water for the sake of simplicity (m=ρ∙V).

The radius of cross-sectional area of the average blood 
circulation

In the case of average blood flow velocity (v=5cm/s) calculated on 
the basis of the extreme velocity values of blood circulation (Eq.14), 
the cross-sectional radius (r) of the average blood circulation is 2.11 
cm, and its diameter is 4.22 cm.

The radius (r) of the cross-sectional area (A) of the circular tube, 
or torus, can be expressed from the relation A = r2∙π: 

2 , , 2 2
A A

A r so r and d rπ
π π

= ⋅ = = ⋅ = ⋅                   (24)

The radius (r) and diameter (d) of the tube numerically:
214

2.111 , 4.222
3.141592

cm
r cm and d cm= = =

              (25)

Fractionation of the average blood circulation based 
on stroke volume and cross-sectional area

The amount of blood ejected during a single contraction of the 
heart, i.e., the stroke volume (sv), according to the ultrasound 
examination of the heart, is nearly 70 ml. With this blood volume, 
knowing the cross-sectional area (A) of the average blood circulation, 
the height (s) of the cylindrical part of the volume by which it moves 
in the direction of flow can be calculated. The volume can be divided 
into the product of the base area and the height of the cylinder that 
can be fitted into the torus. Thus, the amount of displacement of the 
blood circulation will be the ratio of the volume to the surface area 
(s=V/A), i.e., 70 cubic centimeters per 14 square centimeters, which 
corresponds to 5 cm. With this distance, the torus-shaped circulation 
model can be divided into minor units (n), which actually corresponds 
to the number of fractions per revolution of the circulation (t2π). This 
number is 25, which also corresponds to the pulse.

The force of gravity affecting the average blood 
circulation

If the mass of blood (m1), or in this case the volume of blood (V1) 
is moved by the force of gravity (g) for a single revolution time (t2π), 
then this force (F1) is:

2
1 1 1, 1.75 9.80665 17.1616F m a m g V g so F kg m s Nρ −= ⋅ = ⋅ = ⋅ ⋅ = ⋅ ⋅ =            (26)

Where mass (m1) is the product of volume (V1) and density (ρ) 
of the blood (m=V∙ρ; ρ≈1.060g/cm3). However, for the sake of 
simplicity, the density of blood is taken to be equal to that of water.

Moreover, for the larger volume (mass; m2), the moving force (F2):
2

2 2.1 9.80665 20.593965F kg m s N−= ⋅ ⋅ =                                            (27)

The force driving the average blood circulation and its vertical, 
straightened dynamic version, which is a consequence of Earth’s 
gravity, can vary between 17.1 N and 20.6 N in a resting state 
under physiological conditions. In the case of a force requiring the 
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movement of a larger blood mass, i.e., when the circulation’s single 
rotation time increases to 40, 50 or 60 seconds, the pressure would rise 
to such an extent that the cardiovascular system could not withstand 
it without damage.

The pressure conditions established by the 
gravitational force in the average blood circulation

The pressure (P) exerted by the force (F) on a unit area (A) in the 
case of the average human circulation is as follows:

21
1 2

17.1616
12258.2857 /

0.0014

F N
P N m

A m
= = =                             (28-a)

In the case of the larger moving force (F2) and the same pipe cross-
sectional area (A) the driving force (F2) is as follows:

22
2 2

20.593965
14709.975 /

0.0014

F N
P N m

A m
= = =                         (28-b)

Since: 1 N/m2 = 7.5 •10-3 mmHg, in the case of the smaller driving 
force (F1), the value of the pressure (P1) in the average circulation is:

2 3 3
1 12258.2857 / 7.5 10 91937.14 10 mmHg 92 mmHgP N m − −= ⋅ ⋅ = ⋅ ≈         (29-a)

Moreover, in the case of a greater physiologic driving force (F2), 
the value of the pressure (P2) in the circulation will increase:

2 3 3
2 14709.975 / 7.5 10 110324.8125 10 mmHg 110 mmHgP N m − −= ⋅ ⋅ = ⋅ ≈           

(29-b) 

Depending on the individual parameters (F, A), the pressure (P) in 
the average human circulation can take any value between 92 mmHg 
and 110 mmHg. Calculated with a simple mathematical average 
(101mmHg), this corresponds to 120 mmHg systolic and 80 mmHg 
diastolic data (or, in another variation, a blood pressure of 125/75 mm 
Hg). The latter higher average pressure (110mmHg) corresponds to 
the upper limit of normal blood pressure, i.e., blood pressure of 135/85 
mmHg. These values correspond to the physiological measurement 
data determined by the invasive internal catheter method or by indirect 
external blood pressure detection.21

Gravitational work performed during a single rotation 
of the average blood circulation

The engine of the toroidal average human circulation is the function 
of the heart pump, which is, in a figurative sense, the equivalent of 
the driving force of gravity in the human body. The work required to 
maintain the flow (W1) is the product of the force (F1) and the blood 
flow length (s1):

1 1 1 17.1616 1.25 21.452 21.452W F s N m Nm J= ⋅ = ⋅ = =                   (30-a)

In the other case, when the greater force prevails (F2), the amount 
of work (W2) increases:

2 2 2 20.593965 1.5 30.5967 30.8909W F s N m Nm J= ⋅ = ⋅ = =              (30-b)

Therefore, the work of the heart maintaining the average human 
blood circulation, which is equivalent to the work of the gravitational 
attractive force, can vary between 21.4 J and 30.9 J at rest under 
physiological conditions.

The output of the heart for a single circulation time of 
the average blood circulation

The performance of the heart can be determined based on the 
estimation of the two extreme values of the maximum and minimum 
circulation speed (in the aorta and capillaries) existing in the human 

body. This limited average value (5 cm/s), approximated from above 
and below towards the center, can then be applied to the time of one 
turn (t1=25 and t2=30 sec) [2,15]. In this way, the power (P1(watt)) of the 
work (W1) of the driving force (F1) required to maintain the average 
blood flow velocity (vaverage) is:

2
1 1 1 1

1( )
2 (25) 2 (25) 2 (25)

17.1616 1.25
21.452

0.858 / 0.858
25 25

watt

m
kg m

m g s F s W NmsP J s W
t t t s sπ π π

⋅
⋅ ⋅ ⋅

= = = = = = =     (31-a)

(Since 1 kg·1 m2·1 s‒2 = 1 J, and 1 Joule per second [J/s] = 1 Watt 
/W/.)

In the other case, with higher work (W2) but higher single turaround 
flow time (t2π(30)), the power (P2(watt)) decreases slightly.

2
2( )

2 (30)

20.593965
0.6864

30
watt

W J
P W

t sπ

= = =                       (31-b)

Moreover, the output for a single heart contraction (t1contraction) at 
average circulatory velocity (vaverage), aortic blood flow speed (vaorta), 
and capillary blood flow rate (vcapillary) is as follows:

2
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(32-a)

These are therefore speed-dependent values and indicate how 
much the heart’s performance is at certain sections of the vascular 
path in relation to a single circulation period of the blood flow. At 
the average circulation speed (5 cm/s), the power per total circulation 
time is medium, between the power of a single contraction of the 
heart21 and the power in the capillaries.

However, performance (Pwatt) relative to average circulation time 
(t2π) for average circulation (vaverage) and aortic (vaorta) and capillary 
vasculature flow rates (vcapillary) is as follows:

2
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                                                                                                     (32-b)

In contrast to the previous ones (Eq.32.a), due to the relatively 
low speed of the average blood circulation (5 cm/s), the power per 
one revolution of the circulation (t2π) will be similar to the power of 
a single contraction of the heart (t1contraction). At the flow rate of the 
aorta and capillaries, the performance would be so high without 
fractionation that the heart would not be able to perform this and the 
capillary system would be damaged.

Based on the physical hemodynamic parameters defined so far, the 
following average human blood circulation model can be developed. 

Figure 2 The figure shows a torus-shaped representation of the 
average human blood circulation. The individual parameters /radius 
(r), volume (V), cross-section area (A), force (F), work (W), press 
(PmmHg), power (Pwatt)/ were determined from the velocity of the 
average circulation (vaverage), as well as from the time (t2π=25s-30s) 
and distance data (C =1.25m-1.5m) determined by circulation testing 
procedures. 
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Figure 2 The figure shows a torus-shaped representation of the average 
human blood circulation.

The above data refer to the average human blood circulation as a 
whole. The time interval of the systemic and pulmonary circulation 
(t2π,systemic=25s and t2π,pulmonary=4s) can be accurately determined with 
the circulation testing procedures known from medical physiology in 
different ways, but with tests leading to similar results, such as with 
dye or heat dilution, as well as with radioisotope methods. Based on the 
closely related circulating blood volumes (V2π,systemic and V2π,pulmonary), 
as well as the speed of the average human blood circulation (vaverage), 
a small and large blood circulation, which ensures a continuous one-
way blood flow, can be distinguished. In possession of these data, the 
originally single round blood flow can be separated into two separate 
ones, which represent the blood circulation in refined detail.

Separation of pulmonary and systemic circulation

If we extract a section from the torus-shaped average human 
blood circulation, the length of which decreases in proportion to the 
circulation time (t2π), the intensity does not change with the same flow 
cross-sectional area (I=A∙v). 

The size (s, C) resulting from the single circulation time (t2π,torus) 
and average speed of the blood circulation (vaverage,torus) also includes the 
pulmonary circulation (tpulmonary,spulmonary,vaverage pulmonary). By subtracting 
the length (spulmonary) and volume of the pulmonary circulation 
(Vpulmonary) from the length (storus) and volume of the average human 
circulation (Vaverage), we obtain the length and volume of the systemic 
average circulation (C systemic = C torus – C pulmonary and V2π,systemic = V2π,torus 
- V2π,pulmonary). In this way, by separating the toroidal blood flow into 
two parts, a pulmonary and a systemic circulation, the highest degree 
of Darwinian evolution is realized, which culminates in the human 
circulatory system.

Similar to the toroidal average circulation, the velocity and cross-
section of the pulmonary circulation should be considered similar (v 
= 5 cm/s and A = 14 cm2). This is necessary for the law of continuity 
to apply. If this law did not work, disturbances would occur in the 
cardio-pulmonary system and various disease states and related 
disease symptoms would occur.

In this way, knowing the time of pulmonary circulation 
(t2π,pulmonary=3.98-4.47-4.67s).22,23 which means the time of blood flow 
from the right ventricle to the left atrium (Cpulmonary), the length (s), 
radius (r) and cross sectional area (A) of the average pulmonary 
circulation can also be determined. 

Figure 3 Representation of the average human blood circulation in 
the form of a “double torus”, which approximately shows a ratio of 

six times or one sixth in relation to each other in terms of their various 
parameters. The figure shows the distribution of the blood volume per 
cycle (Vpulmonary = 0.28dm3 and Vsystemic = 1.4-1.8 dm3) in proportion to 
the circulation times (t2π,pulmonary = 4s and t2π,systemic = 21-26s). This blood 
flow model, which can also be called the “folded figure of eight”, 
shows unique parameters /radius (r), circumference (C), volume (V), 
cross-sectional area (A), force (F), work (W), pressure (PmmHg), power 
(PWatt)/ for both blood circuits, i.e., the pulmonary and systemic blood 
circuits. These are consistent with data from medical circulation 
testing procedures and clinical heart ultrasound (echocardiography) 
studies.

Figure 3 Representation of the average human blood circulation in the form 
of a “double torus”, which approximately shows a ratio of six times or one 
sixth in relation to each other in terms of their various parameters.

Based on the two blood volumes, these average blood pressure 
values persist between 77.2 mmHg and 95.6 mmHg. In a state of rest, 
in the case of physiological conditions, any value between the two 
values can exist. These correspond approximately to blood pressure 
values of 92/62 mmHg and 120/70 mmHg, which are also limit 
values. In cases lower than the former, we can talk about hypotonic 
states of various origins, and in cases higher than the latter, we can 
talk about incipient hypertension.21

Parameters of the average pulmonary circulation

Similar to the above, the two obligatory flow laws apply to the 
average pulmonary circulation the path of circulating blood:

2 ( )
2 2 ( )

, : , : ,

: , 5 4 20

pulmonary
average pulmonary average pulmonary

pulmonary

pulmonary pulmonary circumference pulmonary circumference

sA s
A v so v and s v t

t t

cm
as s C C s cm

s

π
π π

⋅
= ⋅ = = ⋅

= = ⋅ =

       (33)

From the length of the pulmonary circumference (Cpulmonary 

circumference), the radius of the pulmonary circulation (rpulmonary circulation) is 
as follows:

20
2 , 3.1831cm

2 6.283184

pulmonary circumference
pulmonary circulation

C cm
C r so rπ

π
= ⋅ ⋅ = = =

⋅

         (34)

The magnitude of the average systemic circulation can be 
determined by subtracting the length of the pulmonary circulation 
from the toroidal circulation:

  1    1 1.25 0.2 1.05average human circulation average human pulmonary circulation average human systemic circulations s s m m m− = = − =
             (35-a)

The length of the average systemic circulation (Eq.73) in the 
figure-8 circulation model based on the length of the larger average 
toroidal circulation will be as follows:

  2     2 1.5 0.2 1.3average human circulation average human pulmonary circulation average human systemic circulations s s m m m− = = − =
    (35-b)

The volume (Vpulmonary ≈ mpulmonary) of blood (in the figure-8 
circulation) passing through the smaller cross-section in the average 
pulmonary circulation expressed in kilograms is as follows:
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2 3 0.0.0014 0.2 0.00028 28pulmonary pulmonary pulmonary circulation m m mV A s kg= = ≈⋅= ⋅                               (36)

Since this mass (m) is moved by gravity (g) along the circumference 
(s, C), the force (F):

2, 0.2 2.74588 9.80665 6pulmonaryF m a m g so kg mF Ns−= ⋅ = ⋅ = ⋅ ⋅ =              (37)

The pressure (Ppulmonary) in the pipe is based on the force (F) acting 
on the surface (A) as follows:

2
2 1961.33

2.74586

0.0
/

014

pulmonary
pulmonary

pulmonary

F
P N m

A

N

m
= = =        (38-a)

Since 1 N/m2 = 7.5∙10-3 Hgmm, the pressure in the average human 
pulmonary circulation, expressed in millimeters of mercury:

( )
31961.33 7.5 14.71 mmH1 g0mmHg pulmonary mmHgP −⋅ ⋅ ==          (38-b)

Thus, according to our current knowledge, under physiological 
conditions, at rest, the average pulmonary pressure is 14.7 mmHg.24 

Outstanding parameters of the average systemic 
circulation

On the other hand, the volume values of the average systemic 
circulation (V1 and V2) are numerically as follows:
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The forces (F1 and F2) acting on the average systemic circulation 
are as follows:
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              (40)

In the systemic average circulation, the pressures (Psystemic circulation1 
and Psystemic circulation2) created as a result of the forces (Fsystemic circulation1 and 
Fsystemic circulation2) moving smaller and larger masses on the given cross-
sectional area (A) are as follows:
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                                   (41)

Since 1N/m2 = 0.007501 mmHg, the pressure (PmmHg systemic circulation1) 
is expressed in millimeters of mercury:
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                                            (42)

These systemic average human blood pressure values, based on 
the two blood volumes (masses), are between 77.2 mmHg and 95.6 
mmHg. This also means that they can take any value between the 
two values under physiological conditions at rest. This corresponds 
approximately to blood pressure values of 95/60 mmHg and 120/70 
mmHg. Blood pressure values above and below these are essentially 
limit values. Values that differ from this, measured at rest, are already 
pathological in nature; in these cases, we can talk about diseases of 
various origins, high blood pressure or hypotensive states.21

The difference between the average systemic and 
pulmonary circulation in the ratio of their parameters

The difference between the two average blood flow circles can 
be illustrated by comparing them. The ratio of the two shows the 
relationship between the parameters according to the following 
equation in close connection with the statements of Bernoulli’s law. 
According to this, the work done by the contraction of both chambers 
of the heart (W) is proportional to the product of the pressure (P) in 
the two blood circuits and the blood volume (V) of the systemic and 
pulmonary circulation, as W=P∙V.

Since the blood volume (V) is proportional to the mass of the blood 
(m) or is essentially the same as it (m=ρ∙V; ρ≈1kg/dm3), simplifying 
with m and g, the equation is reduced to the ratio of the distance (s) 
traveled by the bloodstream:
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By decomposing the volumes (V) in the formula into the product 
of the cross-sectional surface area (A) and the length of the tube (s) 
and then simplifying with A, g and s, only the ratio of the mass (m) of 
the two blood flow circuits remains:
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By comparing the relationships in Bernoulli’s law with those in the 
present model, we can make the following observations. Bernoulli’s 
law states that for the same flow intensity (I=A∙v), the product of 
the flow tube cross-sectional area and the flow velocity is constant. 
For a varying flow cross sectional area (A), the flow velocities (v) 
vary (A1∙v1=A2∙v2). With a larger flow cross sectional area (A↑), the 
flow velocity is smaller (v↓) and vice versa, with a smaller flow cross 
sectional area (A↓) the velocity increases (v↑). The equality of flow 
intensities also corresponds to the law of conservation of energy, since 
the same volumes (V) pass through for the same periods of time (t) for 
any section of varying pipe cross-sectional area (A).

In the present model, in contrast to the above, the flow velocity 
is the same in both continuous blood circuits and the flow cross-
sectional area does not change in them. In accordance with the 
conservation of energy, in this representation the mass and the 
associated volume, i.e., size, of the two blood circuits change with 
their associated pressures. The ratio is 6.5 according to the above 
formula. This means that the small mass moved by the right side of 
the heart is associated with a small force, which generates a small 
pressure for the same cross-sectional diameter. To move the larger 
mass of blood in the systemic circulation, the left side of the heart 
must exert a greater force, which is associated with a greater pressure 
for the same average cross-sectional area. This explains the difference 
in size and pressure between the two blood circuits. Accordingly, the 
pulmonary circulation is a low-pressure system, whereas the systemic 
circulation is a high-pressure system. The kinetic energy (Ekinetic=1/2 
ρ∙v2) in Bernoulli’s law is neglected in the model because of the low 
blood flow velocity (5cm/s). The difference in pressure due to the 
potential energy (Epotential=ρ∙g∙s) lies in the pressure due to the weight 
of the vertical blood column, calculated by the value of g, in both 
blood circuits that can be paralleled.

In the event of a positive or negative change in the above-
mentioned size and pressure ratios, disturbances in the normal human 
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circulation occur, physiological mechanisms become abnormal, and 
this leads to the development of various cardiovascular diseases.

Under physiological pressure conditions (P), the forces (F) driving 
the different masses (m) of the systemic and pulmonary circulation are 
proportional to each other:
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The pressure (P) established by the work of the heart (W) in the 
systemic and pulmonary blood circulation can be broken down into 
its components in the following steps. Since the flow cross-sectional 
areas (A) and flow velocities (v) are equal in both blood circuits, they 
drop out together with g. In this way, the formula is simplified and 
reduced to their blood volumes (masses; m), their dimensions (s), and 
their flow time (t):
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Moreover, based on the relationship v=s/t, knowing the flow 
distance and flow time, these can be converted into flow speed. In 
this way, the ratio of the pressures of the systemic and pulmonary 
circulations (Psystemic and Ppulmonary) is proportional to the product of their 
volume (mass) occupied in their circulation (msystemic and mpulmonary) and 
their velocity (vsystemic and vpulmonary):
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Taking into account the velocities (v), which are the same in the 
two circulations, they drop out and only the mass (m) ratio remains.

As can be seen from Formulas 43 and 44, the pressure in both 
blood flow circuits of the model is directly proportional to the masses 
occupying them, which also determines their size. By applying the 
laws of flow, including the laws of intensity and continuity (I=V/t 
and I=A∙v), the diverse processes taking place in the human body 
can be simplified. However, for this, two flow factors (A and v) 
must be considered unchanged. As a result, the variable parameters 
culminate only in the mass (m) and its inseparable dimensions (s, C 
and r) located in the torus. In this way, the complex system of human 
blood circulation becomes more transparent by creating a model of 
the average human blood circulation.

Conclusion
Our basic goal in this article was to whether it is possible to establish 

a flow model for the entire human blood circulation, which is related 
to the weight of bodies due to gravity and the flow laws of physical 
fluids. Furthermore, by using or supplementing certain parameters of 
the intensity and continuity laws, is it possible to depict the entire 
human blood circulation, which reflects the objective data determined 
by medical examination procedures. The novelty in this flow system 
is a mass determined based on the weight of the blood column, which 

can be related to the gravity of the earth’s surface and which provides 
a basis for determining the force that maintains blood circulation. 
The other pivotal point is the determination of an average blood flow 
velocity value in the human body, which can be used to calculate the 
size and cross-sectional area of the average blood circulation. In this 
way, a torus-shaped model can be set up and operated. By further 
refining the method, it is possible to create a double torus that passes 
into each other, or a geometric formation similar to a folded figure of 
eight. Each of its parameters confirms and satisfies the conditions for 
the functioning of the pulmonary and systemic circulation. Based on 
all of this, it is likely that the sophisticated, physically oriented systems 
of biology (Hagen–Poiseuille’s low, Frank–Starling law, Fick’s low, 
Laplace’s low, etc.) will merge into these flow-based physical laws.
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