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Abstract

The ELMAS Theory of Thermodynamics and the 5th Law of Thermodynamics, developed by Emin Taner Elmas, introduce a groundbreaking, 
“bio-robotic” and “vectorial” framework for the design of ECMO (Extracorporeal Membrane Oxygenation) devices and artifi cial life 
support units. Contrary to classical thermodynamics, which treats energy solely as a scalar quantity, this theory defi nes blood fl ow, mass, 
and metabolic exchange as vectorial parameters encompassing positive, negative, and neutral states. Total energy and mass are calculated 
as the resultant vector of these dynamic conditions.

Applying this theory to ECMO and life support systems aims to maximize biological compatibility between the medical device and the 
human body. The primary optimization areas include:

•	 Bio-Robotic Resonance: Aligning the natural contraction rhythm (frequency) of the heart muscle with the operating frequency of 
the ECMO pump. This synchronization reduces energy waste (entropy) and enhances hemodynamic support.

•	 Cellular-Level Control: Treating body cells as open thermodynamic systems. Control algorithms regulate the fl ow of energy and 
mass between the device and cells in a positive, negative, or neutral direction based on clinical needs.

•	 Intelligent Substance Delivery: Modeling gas exchange and the passage of drugs through cell membranes as a vectorial energy 
transfer to maximize treatment effi  cacy.

•	 Advanced Flow Equations: Integrating a unique ELMAS vector feedback force 

support units. Contrary to classical thermodynamics, which treats energy solely as a scalar 
quantity, this theory defines blood flow, mass, and metabolic exchange as vectorial parameters 
encompassing positive, negative, and neutral states. Total energy and mass are calculated as the 
resultant vector of these dynamic conditions. 
 
Applying this theory to ECMO and life support systems aims to maximize biological 
compatibility between the medical device and the human body. The primary optimization areas 
include: 

• Bio-Robotic Resonance: Aligning the natural contraction rhythm (frequency) of the 
heart muscle with the operating frequency of the ECMO pump. This synchronization 
reduces energy waste (entropy) and enhances hemodynamic support. 

• Cellular-Level Control: Treating body cells as open thermodynamic systems. Control 
algorithms regulate the flow of energy and mass between the device and cells in a 
positive, negative, or neutral direction based on clinical needs. 

• Intelligent Substance Delivery: Modeling gas exchange and the passage of drugs 
through cell membranes as a vectorial energy transfer to maximize treatment efficacy. 

• Advanced Flow Equations: Integrating a unique ELMAS vector feedback force 
𝑓𝑓𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 into the classical Navier-Stokes fluid equations to represent the risk of cellular 
damage and energy loss. Simulations focus on maximizing the ratio of positive to 
negative energy (𝐸𝐸𝑝𝑝/ 𝐸𝐸𝑛𝑛)  rather than minimizing total system entropy. 

This unique system design maintains the thermodynamic equilibrium between the artificial 
membrane and blood components. As a result, it minimizes complications like clotting or 
inflammatory responses while optimizing detoxification for stable, long-term life support.1-94 
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1. Introduction 
The integration of ELMAS Thermodynamic Theory into ECMO design requires viewing the 
system not merely as a mechanical pump, but as a module involved in the body's vectorial 
energy balance. The fundamental approach here is to optimize the fluid (blood) and gas 
(oxygen/carbon monoxide) transfer in the ECMO circuit via the Total Energy Equation  
 
(𝐸𝐸𝑡𝑡 = 𝐸𝐸𝑝𝑝 + 𝐸𝐸𝑛𝑛 + 𝐸𝐸𝑐𝑐). 
 
1.1 Vectorial Flow Modeling and Loss Analysis 
In classical thermodynamics, the internal friction (entropy) of the fluid is often seen as a loss. 
However, from a 5th Law perspective, the vectorial direction and velocity of blood flow in 
ECMO cannulas must resonate with the body's natural vascular resistance 
(vasoconstriction/dilation). • Optimization: To minimize turbulence (negative energy/chaos) at 
the cannulation points, the vectorial components of the flow velocity are synchronized with the 
patient's instantaneous metabolic rate. • Computational focus: The total mass flow of the system 
(𝑀𝑀𝑡𝑡) is instantaneously adjusted according to the vector difference between the positive mass 
(𝑀𝑀𝑝𝑝)needed by the patient and the negative mass (𝑀𝑀𝑛𝑛) that is wasted. 
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Introduction

The integration of ELMAS Thermodynamic Theory into ECMO 
design requires viewing the system not merely as a mechanical 
pump, but as a module involved in the body’s vectorial energy 
balance. The fundamental approach here is to optimize the fluid 
(blood) and gas (oxygen/carbon monoxide) transfer in the ECMO 
circuit via the Total Energy Equation.
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(vasoconstriction/dilation). • Optimization: To minimize turbulence (negative energy/chaos) at 
the cannulation points, the vectorial components of the flow velocity are synchronized with the 
patient's instantaneous metabolic rate. • Computational focus: The total mass flow of the system 
(𝑀𝑀𝑡𝑡) is instantaneously adjusted according to the vector difference between the positive mass 
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Vectorial Flow Modeling and Loss Analysis

In classical thermodynamics, the internal friction (entropy) 
of the fluid is often seen as a loss. However, from a 5th Law 
perspective, the vectorial direction and velocity of blood flow in 
ECMO cannulas must resonate with the body’s natural vascular 
resistance (vasoconstriction/dilation). 
•	 Optimization: To minimize turbulence (negative energy/

chaos) at the cannulation points, the vectorial components 
of the flow velocity are synchronized with the patient’s 
instantaneous metabolic rate. 

•	 Computational focus: The total mass flow of the system 
(M_t) is instantaneously adjusted according to the vector 
difference between the positive mass (Mp)needed by the 
patient and the negative mass (Mn) that is wasted.

Pump Design with Bio-Robotic Resonance

Traditional ECMO devices generally provide constant or pulsative 
flow. ELMAS Theory uses the frequency of the pump as a control 
parameter. 
•	 Vectorial Synchronization: If the patient’s heart is producing 

a weak signal, the ECMO pump produces low-amplitude 
vibrations to shift this signal from the “negative energy” 
phase to the “positive resonance” phase. 

•	 Efficiency: With this method, the device not only 
mechanically supports the heart but also forces the heart’s 
natural bioelectrical system to return to its natural frequency 
(therapeutic resonance).

Gas Transfer Optimization in Membrane Oxygenator

Gas exchange across the membrane is modeled according to the 
“open system energy transfer” principle in the 5th Law. 
•	 Dynamic Balance: The parameter (Ec) (steady energy) is 

used to prevent unwanted clotting or protein accumulation 
on the membrane surface. 

•	 Transfer Coefficient: The oxygen transfer rate is vectorially 
accelerated according to the instantaneous energy deficit 
(positive energy demand) of the cells. This prevents 
overoxygenation (oxidative stress). Application Steps 
(Engineering Approach)

1.	 Sensor Integration: A control unit is added that reads 
biosignals (ECG, blood pressure, pH) from the patient as 
instantaneous “vector data”.

2.	 Algorithm: The software changes the pump speed and the 
oxygenator pressure gradient with millisecond precision using 
the ELMAS equation (Et).

3.	 Cellular Response: The treatment process is measured not 
only by macro parameters but also by the speed at which cells 
reach thermodynamic equilibrium (homeostasis).1-92

Material, Method, Discusssion

An integrated ECMO optimization model, incorporating all 
components of the ELMAS Theory of Thermodynamics and the 

5th Law, is built upon three main pillars:1-92

Vectorial Blood Flow Dynamics (Mechanical Optimization)

While in classical systems flow is viewed only as “volumetric flow 
rate” (Q), this theory manages the vectorial pressure and velocity 
components (Vx,Vy,Vz) that the blood exerts on the vessel wall.
•	 Minimization of Negative Energy (En): Turbulence and 

hemolysis (blood cell breakdown) within the vessel are 
defined as “negative energy”. ECMO cannula designs stop 
the increase in entropy due to friction by making the vectorial 
direction of the flow perfectly parallel to the vessel geometry. 

•	 Optimization Goal: The heart’s workload is converged to 
zero by keeping the output velocity of the blood pump in a 
phase that is vectorially opposite but amplitude-coordinated 
with the patient’s instantaneous vascular resistance (afterload).

Membrane Gas Exchange and Energy Coefficients (Chemical 
Optimization)

Gas transfer within the oxygenator is modeled not just as a 
concentration difference (Fick’s Law), but as an energy transfer 
coefficient (kE). 
•	 Positive Energy Transfer (Ep): The transfer of oxygen into 

the blood represents the potential energy required by cells 
for metabolic ATP production. 

•	 Equilibrium State (Ec): The pH and temperature at the 
membrane surface ensure that the system remains in the 
“stable” region (Ec). If the system shifts to the region (acidosis 
or hyperthermia), the control algorithm automatically shifts 
the gas mixing ratio (blender) to achieve vectorial equilibrium. 

•	 Efficiency: The rate of passage of gas molecules through 
the membrane pores is optimized for “maximum biological 
compatibility” according to the principle of the 5th Law of 
thermodynamics; This also provides higher oxygenation with 
a smaller surface area.

Bio-Robotic Resonance Control (System Management)

This is the “brain” of the system. The device receives the patient’s 
biological rhythms (heartbeat, respiratory rate) as frequency inputs.
•	 Synchronization: The ECMO pump creates a mechanical 

resonance by operating at the same frequency (or in the 
exact opposite phase - counter-beat) as the patient’s own 
heart. This facilitates the delivery of blood to the tissues 
(microcirculation) while minimizing energy consumption. 

•	 Intelligent Adaptation: The software continuously solves 
the total energy equation (Et). If the body shows signs of 
recovery (positive energy increase), the machine gradually 
reduces its support (weaning process) to return the patient 
to their natural thermodynamic equilibrium. See Table 1.1-92

Table 1: Summary Modeling Table 
Parameters: Classical ECMO Ap-

proach
ELMAS / 5th Law 
Approach

Flow Type Stationary or Simple 
Pulsative

Vector Synchronous 
Resonance

Energy Focus Pressure and Heat Total Vector Energy 
(E_t)

Cellular Effect Passive Oxygenation Active Thermody-
namic Homeostasis

Optimization Mechanical Efficiency Bio-Robotic System 
Harmony
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To mathematize an ECMO optimization based on ELMAS 
Thermodynamics Theory, we must move the system from classical 
scalar quantities to a vector and phase-based model.1-94

Below is the basic modeling that can be used in the control 
algorithm of the ECMO unit according to the principles of the 
5th Law:1-92

1. Total Vector Energy Equation (Et)
We define the energy in the ECMO circuit not only as heat or work, 
but also as a resultant that maintains the vitality of the system:

   

        (Positive): Oxygenation, nutrient transfer, and forward flow 
vector.
 

principle of the 5th Law of thermodynamics; This also provides higher oxygenation with a 
smaller surface area. 
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equation (𝐸𝐸𝑡𝑡). If the body shows signs of recovery (positive energy increase), the machine 
gradually reduces its support (weaning process) to return the patient to their natural 
thermodynamic equilibrium. See Table 1.1-92 
 
Table 1: Summary Modeling Table 
Parameters:  Classical ECMO Approach ELMAS / 5th Law Approach 
Flow Type Stationary or Simple Pulsative Vector Synchronous Resonance 
Energy Focus Pressure and Heat Total Vector Energy (𝐸𝐸𝑡𝑡) 
Cellular Effect Passive Oxygenation Active Thermodynamic Homeostasis 
Optimization Mechanical Efficiency Bio-Robotic System Harmony 

 
To mathematize an ECMO optimization based on ELMAS Thermodynamics Theory, we must 
move the system from classical scalar quantities to a vector and phase-based model. [1-94] 
Below is the basic modeling that can be used in the control algorithm of the ECMO unit 
according to the principles of the 5th Law: 1-92 
1. Total Vector Energy Equation (𝐸𝐸𝑡𝑡) 
We define the energy in the ECMO circuit not only as heat or work, but also as a resultant that 
maintains the vitality of the system: 
 

𝐸𝐸𝑡𝑡⃗⃗ ⃗⃗ = ∑𝐸⃗⃗𝐸𝑝𝑝 + ∑𝐸⃗⃗𝐸𝑛𝑛 + ∑𝐸⃗⃗𝐸𝑐𝑐 
 
(𝐸⃗⃗𝐸𝑝𝑝) (Positive): Oxygenation, nutrient transfer, and forward flow vector. 
(𝐸⃗⃗𝐸𝑛𝑛) (Negative): Turbulence, hemolysis, CO2 accumulation, and frictional resistance. 
(𝐸⃗⃗𝐸𝑐𝑐) (Stable): Basal heat and homeostatic equilibrium of the system. 
Optimization Target: 𝐸𝐸𝑛𝑛⃗⃗⃗⃗⃗ → 0 ve 𝐸𝐸𝑝𝑝⃗⃗⃗⃗⃗ ≈ Cellular Needs 
 
2. Bio-Robotics Flow Rate (𝑄𝑄𝑣𝑣𝑣𝑣𝑣𝑣) 
Instead of the classical flow rate equation (𝑄𝑄 =  𝐴𝐴 ⋅ 𝑣𝑣), a vector flow rate equation in phase 
with heart rate and vascular resistance is used: 
 

𝑄⃗⃗𝑄(𝑡𝑡) = 𝑉⃗⃗𝑉𝑚𝑚𝑚𝑚𝑚𝑚 ⋅ sin(ω𝑡𝑡 + ϕ) ⋅ 𝑒𝑒(−ζ𝑡𝑡) 
 
(ω): The patient's heart rhythm or target recovery frequency. 
(ϕ) (Phase Angle): The synchronization angle of the device with the heart. According to the 5th 
Law, this angle is adjusted to minimize vascular resistance (afterload) (ϕ ≈ 180∘ or 0°). 
(ζ): The damping coefficient of the system (vascular compliance). 
 

 ≈”Cellular Needs” 

2. Bio-Robotics Flow Rate (Qvec)
Instead of the classical flow rate equation                   a vector 
flow rate equation in phase with heart rate and vascular resistance 
is used:

(ω): The patient’s heart rhythm or target recovery frequency.
(ϕ) (Phase Angle): The synchronization angle of the device with 
the heart. According to the 5th Law, this angle is adjusted to 
minimize vascular resistance (afterload) (ϕ≈180° or 0°).
(ζ): The damping coefficient of the system (vascular compliance).

3. Gas Transfer Energy Coefficient (kELMAS) 
The gas exchange in the membrane is calculated as an energetic 
transfer rate (Rtrans) beyond classical diffusion:

3. Gas Transfer Energy Coefficient (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)  
The gas exchange in the membrane is calculated as an energetic transfer rate (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) beyond 
classical diffusion: 
 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ⋅ ((Δ𝑃⃗⃗𝑃 ⋅ 𝐴𝐴)/𝐿𝐿) ⋅ cos(θ) 

( Δ𝑃⃗⃗𝑃): Vector pressure gradient. 
(cos(θ)): Angle of impact of gas molecules on membrane pores. In design, efficiency is 
maximized by bringing this angle closer to (0°) (perpendicular). 
 
4. Algorithm Flowchart (Sectoral Control) 
 If this were software code, the following loop would run: 
Input: Read the patient's pH, O2, and heart rate (f) data.  
Calculate: Place the current system into the equation 𝐸𝐸𝑡𝑡 
 
 
3. Decision:  
If 𝐸𝐸𝑛𝑛 > 𝐸𝐸𝑝𝑝 (acidosis/fatigue): Shift the pump speed and ϕ phase to the "Positive Energy" 
region. 
If 𝐸𝐸𝑡𝑡 is balanced: Keep the system in "Stable (𝐸𝐸𝑐𝑐)" mode (energy saving).  
Output: Send a vector torque command to the pump motor. 
At this stage, let's translate ELMAS's 5th Law into a specific engineering equation for the 
centrifugal pump vane design and flow geometry, which is the most critical part of the ECMO. 
While traditional designs focus only on pressure increase, the ELMAS approach is based on 
"Vector Thrust and Minimum Turbulent Resonance".1-80 

 
3.1 Vane Geometry and Vector Thrust Equation  
If we consider each drop of blood in the pump as a mass vector (𝑚𝑚 ⋅ 𝑣⃗𝑣), the Vector Efficiency 
(Veff) on the vane surface is optimized by the following equation: 

𝐹⃗𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = ∫((𝑑𝑑(𝑚𝑚𝑣⃗𝑣))/𝑑𝑑𝑑𝑑) 𝑑𝑑θ − 𝐸⃗⃗𝐸𝑛𝑛(θ) 

𝐸⃗⃗𝐸𝑛𝑛(θ): "Negative Energy" (turbulence and shear stress) generated depending on the fin angle 
(θ).  
Optimization: The fin curve is designed in a logarithmic spiral form to align the angle between 
the inlet and outlet vectors of the blood with the natural elasticity frequency of blood cells 
(erythrocytes). 
 
3.2 Golden Ratio" and Minimum Hemolysis Design  
ELMAS Theory argues that natural flow forms (hurricanes, galaxies) minimize energy loss. 
Therefore, the following geometric ratio is used for the ECMO pump bearing and vane outlet 
curves, representing the region (𝐸𝐸𝑐𝑐) (Stable Energy): 

𝑅𝑅(θ) = 𝑅𝑅0 ⋅ 𝑒𝑒(𝑘𝑘⋅cot(ϕ)) 
In this equation, ( ϕ) (flow angle) provides a constant vectorial direction that prevents the 
kinetic energy of the blood from converting into heat (lost energy). This minimizes the shearing 
stress on blood cells and mathematically eliminates the risk of clotting (stasis areas).  
 
3.3 Membrane Surface Texture (Nano-Vector Design)  
The arrangement of fibers inside the oxygenator is optimized according to the "System 
Compatibility" principle of the 5th Law. By creating "vector turbulence" (micro-level controlled 
vortex) on the gas exchange surface, the rate of gas transfer to the blood (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) is increased: 
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In design, efficiency is maximized by bringing this angle closer 
to (0°) (perpendicular).
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flow geometry, which is the most critical part of the ECMO. While 
traditional designs focus only on pressure increase, the ELMAS 
approach is based on “Vector Thrust and Minimum Turbulent 
Resonance”.1-80

Vane Geometry and Vector Thrust Equation

If we consider each drop of blood in the pump as a mass vector  
               the Vector Efficiency (Veff) on the vane surface is optimized 
by the following equation:

3. Gas Transfer Energy Coefficient (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)  
The gas exchange in the membrane is calculated as an energetic transfer rate (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) beyond 
classical diffusion: 
 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ⋅ ((Δ𝑃⃗⃗𝑃 ⋅ 𝐴𝐴)/𝐿𝐿) ⋅ cos(θ) 

( Δ𝑃⃗⃗𝑃): Vector pressure gradient. 
(cos(θ)): Angle of impact of gas molecules on membrane pores. In design, efficiency is 
maximized by bringing this angle closer to (0°) (perpendicular). 
 
4. Algorithm Flowchart (Sectoral Control) 
 If this were software code, the following loop would run: 
Input: Read the patient's pH, O2, and heart rate (f) data.  
Calculate: Place the current system into the equation 𝐸𝐸𝑡𝑡 
 
 
3. Decision:  
If 𝐸𝐸𝑛𝑛 > 𝐸𝐸𝑝𝑝 (acidosis/fatigue): Shift the pump speed and ϕ phase to the "Positive Energy" 
region. 
If 𝐸𝐸𝑡𝑡 is balanced: Keep the system in "Stable (𝐸𝐸𝑐𝑐)" mode (energy saving).  
Output: Send a vector torque command to the pump motor. 
At this stage, let's translate ELMAS's 5th Law into a specific engineering equation for the 
centrifugal pump vane design and flow geometry, which is the most critical part of the ECMO. 
While traditional designs focus only on pressure increase, the ELMAS approach is based on 
"Vector Thrust and Minimum Turbulent Resonance".1-80 

 
3.1 Vane Geometry and Vector Thrust Equation  
If we consider each drop of blood in the pump as a mass vector (𝑚𝑚 ⋅ 𝑣⃗𝑣), the Vector Efficiency 
(Veff) on the vane surface is optimized by the following equation: 

𝐹⃗𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = ∫((𝑑𝑑(𝑚𝑚𝑣⃗𝑣))/𝑑𝑑𝑑𝑑) 𝑑𝑑θ − 𝐸⃗⃗𝐸𝑛𝑛(θ) 

𝐸⃗⃗𝐸𝑛𝑛(θ): "Negative Energy" (turbulence and shear stress) generated depending on the fin angle 
(θ).  
Optimization: The fin curve is designed in a logarithmic spiral form to align the angle between 
the inlet and outlet vectors of the blood with the natural elasticity frequency of blood cells 
(erythrocytes). 
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3.3 Membrane Surface Texture (Nano-Vector Design)  
The arrangement of fibers inside the oxygenator is optimized according to the "System 
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 (θ): “Negative Energy” (turbulence and shear stress) generated 
depending on the fin angle (θ). 
Optimization: The fin curve is designed in a logarithmic spiral 
form to align the angle between the inlet and outlet vectors of 
the blood with the natural elasticity frequency of blood cells 
(erythrocytes).

Golden Ratio” and Minimum Hemolysis Design

ELMAS Theory argues that natural flow forms (hurricanes, 
galaxies) minimize energy loss. Therefore, the following geometric 
ratio is used for the ECMO pump bearing and vane outlet curves, 
representing the region (Ec) (Stable Energy):

In this equation, ( ϕ) (flow angle) provides a constant vectorial 
direction that prevents the kinetic energy of the blood from 
converting into heat (lost energy). This minimizes the shearing 
stress on blood cells and mathematically eliminates the risk of 
clotting (stasis areas).

Membrane Surface Texture (Nano-Vector Design)

The arrangement of fibers inside the oxygenator is optimized 
according to the “System Compatibility” principle of the 5th Law. 
By creating “vector turbulence” (micro-level controlled vortex) 
on the gas exchange surface, the rate of gas transfer to the blood 
(kELMAS) is increased:

          : Gas flux vector.
( α): Bioresonance coefficient of the surface.

Application Output (Engineering Summary)

In an ECMO unit designed with this mathematical approach: 
Fins: Instead of “beating” the blood, they have a fractal geometry 
that accelerates its natural flow vector. Control Unit: It perceives 
the viscosity of the blood (the density of cells in the blood) as a 
“resistance vector” and adjusts the pump torque to a frequency 
that resonates with this resistance, rather than breaking it.

To integrate the ELMAS Thermodynamics Theory into both CAD 
(Geometric Design) and CFD (Flow Simulation) algorithms, let’s 
combine the system via the “Vector Efficiency Model”.1-80

CAD Design Logic (Geometric Fractal Structure)

While traditional ECMO components use linear geometries, the 
ELMAS approach is based on “Natural Flow Curves”.
Pump Vanes (Vector Thrust): The vane form is modeled as a spiral 
based on the (ϕ) (Golden Ratio). This minimizes the sudden change 
in velocity (negative energy) that the blood experiences as it is 
propelled outwards by centrifugal force.
Parameter: R(θ)=a . e(bθ) . Here, (b) is the damping coefficient that 
zeros out (En) (turbulence) depending on the viscosity of the blood.
Cannula Insertions: To break the “jet flow” effect at the point where 
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principle of the 5th Law of thermodynamics; This also provides higher oxygenation with a 
smaller surface area. 
 
2.3 Bio-Robotic Resonance Control (System Management) 
This is the "brain" of the system. The device receives the patient's biological rhythms (heartbeat, 
respiratory rate) as frequency inputs. 
 
• Synchronization: The ECMO pump creates a mechanical resonance by operating at the same 
frequency (or in the exact opposite phase - counter-beat) as the patient's own heart. This 
facilitates the delivery of blood to the tissues (microcirculation) while minimizing energy 
consumption. • Intelligent Adaptation: The software continuously solves the total energy 
equation (𝐸𝐸𝑡𝑡). If the body shows signs of recovery (positive energy increase), the machine 
gradually reduces its support (weaning process) to return the patient to their natural 
thermodynamic equilibrium. See Table 1.1-92 
 
Table 1: Summary Modeling Table 
Parameters:  Classical ECMO Approach ELMAS / 5th Law Approach 
Flow Type Stationary or Simple Pulsative Vector Synchronous Resonance 
Energy Focus Pressure and Heat Total Vector Energy (𝐸𝐸𝑡𝑡) 
Cellular Effect Passive Oxygenation Active Thermodynamic Homeostasis 
Optimization Mechanical Efficiency Bio-Robotic System Harmony 

 
To mathematize an ECMO optimization based on ELMAS Thermodynamics Theory, we must 
move the system from classical scalar quantities to a vector and phase-based model. [1-94] 
Below is the basic modeling that can be used in the control algorithm of the ECMO unit 
according to the principles of the 5th Law: 1-92 
1. Total Vector Energy Equation (𝐸𝐸𝑡𝑡) 
We define the energy in the ECMO circuit not only as heat or work, but also as a resultant that 
maintains the vitality of the system: 
 

𝐸𝐸𝑡𝑡⃗⃗ ⃗⃗ = ∑𝐸⃗⃗𝐸𝑝𝑝 + ∑𝐸⃗⃗𝐸𝑛𝑛 + ∑𝐸⃗⃗𝐸𝑐𝑐 
 
(𝐸⃗⃗𝐸𝑝𝑝) (Positive): Oxygenation, nutrient transfer, and forward flow vector. 
(𝐸⃗⃗𝐸𝑛𝑛) (Negative): Turbulence, hemolysis, CO2 accumulation, and frictional resistance. 
(𝐸⃗⃗𝐸𝑐𝑐) (Stable): Basal heat and homeostatic equilibrium of the system. 
Optimization Target: 𝐸𝐸𝑛𝑛⃗⃗⃗⃗⃗ → 0 ve 𝐸𝐸𝑝𝑝⃗⃗⃗⃗⃗ ≈ Cellular Needs 
 
2. Bio-Robotics Flow Rate (𝑄𝑄𝑣𝑣𝑣𝑣𝑣𝑣) 
Instead of the classical flow rate equation (𝑄𝑄 =  𝐴𝐴 ⋅ 𝑣𝑣), a vector flow rate equation in phase 
with heart rate and vascular resistance is used: 
 

𝑄⃗⃗𝑄(𝑡𝑡) = 𝑉⃗⃗𝑉𝑚𝑚𝑚𝑚𝑚𝑚 ⋅ sin(ω𝑡𝑡 + ϕ) ⋅ 𝑒𝑒(−ζ𝑡𝑡) 
 
(ω): The patient's heart rhythm or target recovery frequency. 
(ϕ) (Phase Angle): The synchronization angle of the device with the heart. According to the 5th 
Law, this angle is adjusted to minimize vascular resistance (afterload) (ϕ ≈ 180∘ or 0°). 
(ζ): The damping coefficient of the system (vascular compliance). 
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Table 1: Summary Modeling Table 
Parameters:  Classical ECMO Approach ELMAS / 5th Law Approach 
Flow Type Stationary or Simple Pulsative Vector Synchronous Resonance 
Energy Focus Pressure and Heat Total Vector Energy (𝐸𝐸𝑡𝑡) 
Cellular Effect Passive Oxygenation Active Thermodynamic Homeostasis 
Optimization Mechanical Efficiency Bio-Robotic System Harmony 

 
To mathematize an ECMO optimization based on ELMAS Thermodynamics Theory, we must 
move the system from classical scalar quantities to a vector and phase-based model. [1-94] 
Below is the basic modeling that can be used in the control algorithm of the ECMO unit 
according to the principles of the 5th Law: 1-92 
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𝐸𝐸𝑡𝑡⃗⃗ ⃗⃗ = ∑𝐸⃗⃗𝐸𝑝𝑝 + ∑𝐸⃗⃗𝐸𝑛𝑛 + ∑𝐸⃗⃗𝐸𝑐𝑐 
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(𝐸⃗⃗𝐸𝑛𝑛) (Negative): Turbulence, hemolysis, CO2 accumulation, and frictional resistance. 
(𝐸⃗⃗𝐸𝑐𝑐) (Stable): Basal heat and homeostatic equilibrium of the system. 
Optimization Target: 𝐸𝐸𝑛𝑛⃗⃗⃗⃗⃗ → 0 ve 𝐸𝐸𝑝𝑝⃗⃗⃗⃗⃗ ≈ Cellular Needs 
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(ζ): The damping coefficient of the system (vascular compliance). 
 

3. Gas Transfer Energy Coefficient (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)  
The gas exchange in the membrane is calculated as an energetic transfer rate (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) beyond 
classical diffusion: 
 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ⋅ ((Δ𝑃⃗⃗𝑃 ⋅ 𝐴𝐴)/𝐿𝐿) ⋅ cos(θ) 

( Δ𝑃⃗⃗𝑃): Vector pressure gradient. 
(cos(θ)): Angle of impact of gas molecules on membrane pores. In design, efficiency is 
maximized by bringing this angle closer to (0°) (perpendicular). 
 
4. Algorithm Flowchart (Sectoral Control) 
 If this were software code, the following loop would run: 
Input: Read the patient's pH, O2, and heart rate (f) data.  
Calculate: Place the current system into the equation 𝐸𝐸𝑡𝑡 
 
 
3. Decision:  
If 𝐸𝐸𝑛𝑛 > 𝐸𝐸𝑝𝑝 (acidosis/fatigue): Shift the pump speed and ϕ phase to the "Positive Energy" 
region. 
If 𝐸𝐸𝑡𝑡 is balanced: Keep the system in "Stable (𝐸𝐸𝑐𝑐)" mode (energy saving).  
Output: Send a vector torque command to the pump motor. 
At this stage, let's translate ELMAS's 5th Law into a specific engineering equation for the 
centrifugal pump vane design and flow geometry, which is the most critical part of the ECMO. 
While traditional designs focus only on pressure increase, the ELMAS approach is based on 
"Vector Thrust and Minimum Turbulent Resonance".1-80 

 
3.1 Vane Geometry and Vector Thrust Equation  
If we consider each drop of blood in the pump as a mass vector (𝑚𝑚 ⋅ 𝑣⃗𝑣), the Vector Efficiency 
(Veff) on the vane surface is optimized by the following equation: 

𝐹⃗𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = ∫((𝑑𝑑(𝑚𝑚𝑣⃗𝑣))/𝑑𝑑𝑑𝑑) 𝑑𝑑θ − 𝐸⃗⃗𝐸𝑛𝑛(θ) 

𝐸⃗⃗𝐸𝑛𝑛(θ): "Negative Energy" (turbulence and shear stress) generated depending on the fin angle 
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𝑅𝑅(θ) = 𝑅𝑅0 ⋅ 𝑒𝑒(𝑘𝑘⋅cot(ϕ)) 
In this equation, ( ϕ) (flow angle) provides a constant vectorial direction that prevents the 
kinetic energy of the blood from converting into heat (lost energy). This minimizes the shearing 
stress on blood cells and mathematically eliminates the risk of clotting (stasis areas).  
 
3.3 Membrane Surface Texture (Nano-Vector Design)  
The arrangement of fibers inside the oxygenator is optimized according to the "System 
Compatibility" principle of the 5th Law. By creating "vector turbulence" (micro-level controlled 
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∇ ⋅ 𝐽𝐽𝑔𝑔𝑔𝑔𝑔𝑔 = α ⋅ (𝐸𝐸𝑝𝑝 − 𝐸𝐸𝑛𝑛) 
(𝐽𝐽𝑔𝑔𝑔𝑔𝑔𝑔): Gas flux vector. 
( α): Bioresonance coefficient of the surface. 
 
4. Application Output (Engineering Summary) 
 In an ECMO unit designed with this mathematical approach: Fins: Instead of "beating" the 
blood, they have a fractal geometry that accelerates its natural flow vector. Control Unit: It 
perceives the viscosity of the blood (the density of cells in the blood) as a "resistance vector" 
and adjusts the pump torque to a frequency that resonates with this resistance, rather than 
breaking it. 
 
To integrate the ELMAS Thermodynamics Theory into both CAD (Geometric Design) and 
CFD (Flow Simulation) algorithms, let's combine the system via the "Vector Efficiency 
Model".1-80 
 
4.1. CAD Design Logic (Geometric Fractal Structure)  
While traditional ECMO components use linear geometries, the ELMAS approach is based on 
"Natural Flow Curves". 
Pump Vanes (Vector Thrust): The vane form is modeled as a spiral based on the (ϕ) (Golden 
Ratio). This minimizes the sudden change in velocity (negative energy) that the blood 
experiences as it is propelled outwards by centrifugal force. 
Parameter: 𝑅𝑅(θ) = 𝑎𝑎 ⋅ 𝑒𝑒(𝑏𝑏θ) . Here, (b) is the damping coefficient that zeros out (𝐸𝐸𝑛𝑛) 
(turbulence) depending on the viscosity of the blood. 
Cannula Insertions: To break the "jet flow" effect at the point where blood enters the vessel, the 
cannula tips are designed with micro-grooves in accordance with the ELMAS's (𝐸𝐸𝑐𝑐) (Stable 
Energy) principle, transforming the flow into a circular vector (vortex). 
 
4.2 CFD Algorithm (Simulation and Optimization) 
The ELMAS’s equation, which will be added to the simulation software (Ansys, OpenFOAM, 
etc.), measures not only the velocity of the flow but also its "Thermodynamic Health".1-70 
 
New Solver Equation: 1-80 
The ELMAS’s Vector Energy term (𝐸𝐸𝑡𝑡) is added to the classic Navier-Stokes equations: 
 

ρ((∂𝑣⃗𝑣)/(∂𝑡𝑡) + 𝑣⃗𝑣 ⋅ ∇𝑣⃗𝑣) = −∇𝑝𝑝 + μ∇2𝑣⃗𝑣 + 𝑓𝑓𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 
𝑓𝑓𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 : A vector feedback force representing the risk of cellular damage and energy loss. 
 
Optimization Criterion: The simulation attempts to maximize the ratio of (𝐸𝐸𝑝𝑝/ 𝐸𝐸𝑛𝑛) 
(Positive/Negative Energy), not the total entropy increase in the system. 
If the chaotic flow (𝐸𝐸𝑛𝑛) increases in a region, the algorithm automatically reformulates the CAD 
surface in that region using "vector correction". 
 
4.3 Integrated Control (Digital Twin)  
When these two stages are combined, a "Digital Twin" of the device is created:  
CAD: Maps the "ideal path" where blood flows with the least resistance.  
CFD: Tests the energy transfer coefficients (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) along this path.  
 
5. Result: A design emerges where hemolysis approaches zero and oxygen transfer reaches 
biological limits. 
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(Positive/Negative Energy), not the total entropy increase in the system. 
If the chaotic flow (𝐸𝐸𝑛𝑛) increases in a region, the algorithm automatically reformulates the CAD 
surface in that region using "vector correction". 
 
4.3 Integrated Control (Digital Twin)  
When these two stages are combined, a "Digital Twin" of the device is created:  
CAD: Maps the "ideal path" where blood flows with the least resistance.  
CFD: Tests the energy transfer coefficients (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) along this path.  
 
5. Result: A design emerges where hemolysis approaches zero and oxygen transfer reaches 
biological limits. 
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blood enters the vessel, the cannula tips are designed with micro-
grooves in accordance with the ELMAS’s (Ec) (Stable Energy) 
principle, transforming the flow into a circular vector (vortex).

CFD Algorithm (Simulation and Optimization)

The ELMAS’s equation, which will be added to the simulation 
software (Ansys, OpenFOAM, etc.), measures not only the 
velocity of the flow but also its “Thermodynamic Health”.1-70

New Solver Equation:1-80

The ELMAS’s Vector Energy term (Et) is added to the classic 
Navier-Stokes equations:

               : A vector feedback force representing the risk of cellular 
damage and energy loss.

Optimization Criterion: The simulation attempts to maximize the 
ratio of (Ep/ En) (Positive/Negative Energy), not the total entropy 
increase in the system.
If the chaotic flow (En) increases in a region, the algorithm 
automatically reformulates the CAD surface in that region using 
“vector correction”.

Integrated Control (Digital Twin)

When these two stages are combined, a “Digital Twin” of the 
device is created: 
CAD: Maps the “ideal path” where blood flows with the least 
resistance. 
CFD: Tests the energy transfer coefficients (kELMAS) along this path. 

Result

A design emerges where hemolysis approaches zero and oxygen 
transfer reaches biological limits.

Real-time control software transforms the ELMAS Theory from 
a static design into a living Bio-Robotic Operating System. At 
the heart of this software is the “ELMAS Feedback Loop,” which 
views the patient and the machine as a single vectorial system.1-92

The software architecture and operating principle are structured 
as follows:

Data Input and Vector Transformation (Input Layer): Ordinary 
sensor data (SPO2, Heart Rate, Blood Pressure) are instantly 
transformed into Energy Vectors by the software:

Signal from Patient: Sh (t)=[Ep,En,Ec ]
Signal from Machine: Sm (t)=[Vtork,Qgaz,Tısı ]

ELMAS Decision Algorithm (Processing Layer)

The software solves the following control equation every 
millisecond:
 

Objective: To bring the difference      to the “Resonance 
Equilibrium” point in the 5th Law. 
Scenario: If a deterioration (increase in negative energy) is 
detected in the patient’s blood gas values, the software will not 
only speed up the pump; it will also optimize the pulse effect 
(vector impulse) of the blood flowing to the tissues by changing 

the phase angle (ϕ) of the pump.

Dynamic Actuation (Output Layer)

The software sends commands to the hardware via three main 
branches: 
Motor Driver: “Vector Torque Control” which synchronizes the 
speed of the pump vanes with the patient’s heart rhythm. 
Gas Blender: Adjusts the gas gradient inside the oxygenator to 
a speed that neutralizes the instantaneous acidosis load (En) of 
the cells. 
Heat Management: Regulates blood temperature with second-
by-second precision to maintain it within the system’s stable 
region (Ec).

Self-Optimizing (AI-Integrated) Structure:

The software learns the patient’s response to treatment over time. 
In accordance with the “Unique System Design” principle in 
ELMAS Theory, it creates a different Vectorial Profile for each 
patient. This means “personalized life support.”

System Advantages

Low Medication Requirements: Less anticoagulant is needed 
because blood flow is in resonance with the body. 
Fast Weaning: The software withdraws machine support with 
millimeter precision when the body’s own Ep (positive energy) 
production increases. 
Zero Errors: The moment the vectorial balance is disrupted (e.g., 
a blockage or leak), the system detects this as an “energy loss” 
and takes action within seconds.
To complete an ELMAS Theory-based ECMO system, let’s design 
both the Vector Interface (UI) that healthcare personnel will use 
to manage the system and the Hardware Integration that will 
translate these commands into physical movement, as a whole.

User Interface (UI): “Vector Health Index”

Instead of complex numbers on classic displays, a visual “Energy 
Balance Map” based on the 5th Law of ELMAS is used. 
Dynamic Energy Triangle: A triangle representing the energies 
(Ep) (Positive), (En) (Negative), and (Ec) (Stable) is located in 
the center of the screen. 
If the system is in balance, the triangle is exactly in the center 
and is green.
If hemolysis or turbulence increases, the triangle shows a red shift 
towards the (En) corner.
Vector Flow Monitor: The speed and angle of blood entry into the 
body are indicated by a live vector arrow showing its compatibility 
with the vascular structure. If the arrow is perpendicular to the 
vessel wall (high pressure/risk of damage), the system alerts 
personnel. 
Resonance Score: Shows, in percentage, how well the patient’s 
heart and the machine are working together. A score of 100% 
means “Complete Bio-Robotic Synchronization”.

Hardware Integration: “Resonance Module”

To translate vector commands from the software into physical 
action, the following additions are made to the standard ECMO 
hardware: Vector Torque Driver (VFD): While standard motor 
drivers only control speed (RPM), the ELMAS driver controls the 
instantaneous torque angle of the motor. This allows the vanes to 
“dance” with the blood’s own momentum instead of “pushing” 

J Med Clin Case Stu, 2026

	 Volume 2 & Issue 1

∇ ⋅ 𝐽𝐽𝑔𝑔𝑔𝑔𝑔𝑔 = α ⋅ (𝐸𝐸𝑝𝑝 − 𝐸𝐸𝑛𝑛) 
(𝐽𝐽𝑔𝑔𝑔𝑔𝑔𝑔): Gas flux vector. 
( α): Bioresonance coefficient of the surface. 
 
4. Application Output (Engineering Summary) 
 In an ECMO unit designed with this mathematical approach: Fins: Instead of "beating" the 
blood, they have a fractal geometry that accelerates its natural flow vector. Control Unit: It 
perceives the viscosity of the blood (the density of cells in the blood) as a "resistance vector" 
and adjusts the pump torque to a frequency that resonates with this resistance, rather than 
breaking it. 
 
To integrate the ELMAS Thermodynamics Theory into both CAD (Geometric Design) and 
CFD (Flow Simulation) algorithms, let's combine the system via the "Vector Efficiency 
Model".1-80 
 
4.1. CAD Design Logic (Geometric Fractal Structure)  
While traditional ECMO components use linear geometries, the ELMAS approach is based on 
"Natural Flow Curves". 
Pump Vanes (Vector Thrust): The vane form is modeled as a spiral based on the (ϕ) (Golden 
Ratio). This minimizes the sudden change in velocity (negative energy) that the blood 
experiences as it is propelled outwards by centrifugal force. 
Parameter: 𝑅𝑅(θ) = 𝑎𝑎 ⋅ 𝑒𝑒(𝑏𝑏θ) . Here, (b) is the damping coefficient that zeros out (𝐸𝐸𝑛𝑛) 
(turbulence) depending on the viscosity of the blood. 
Cannula Insertions: To break the "jet flow" effect at the point where blood enters the vessel, the 
cannula tips are designed with micro-grooves in accordance with the ELMAS's (𝐸𝐸𝑐𝑐) (Stable 
Energy) principle, transforming the flow into a circular vector (vortex). 
 
4.2 CFD Algorithm (Simulation and Optimization) 
The ELMAS’s equation, which will be added to the simulation software (Ansys, OpenFOAM, 
etc.), measures not only the velocity of the flow but also its "Thermodynamic Health".1-70 
 
New Solver Equation: 1-80 
The ELMAS’s Vector Energy term (𝐸𝐸𝑡𝑡) is added to the classic Navier-Stokes equations: 
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𝑓𝑓𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 : A vector feedback force representing the risk of cellular damage and energy loss. 
 
Optimization Criterion: The simulation attempts to maximize the ratio of (𝐸𝐸𝑝𝑝/ 𝐸𝐸𝑛𝑛) 
(Positive/Negative Energy), not the total entropy increase in the system. 
If the chaotic flow (𝐸𝐸𝑛𝑛) increases in a region, the algorithm automatically reformulates the CAD 
surface in that region using "vector correction". 
 
4.3 Integrated Control (Digital Twin)  
When these two stages are combined, a "Digital Twin" of the device is created:  
CAD: Maps the "ideal path" where blood flows with the least resistance.  
CFD: Tests the energy transfer coefficients (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) along this path.  
 
5. Result: A design emerges where hemolysis approaches zero and oxygen transfer reaches 
biological limits. 
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Real-time control software transforms the ELMAS Theory from a static design into a living 
Bio-Robotic Operating System. At the heart of this software is the "ELMAS Feedback Loop," 
which views the patient and the machine as a single vectorial system. 1-92 
 
The software architecture and operating principle are structured as follows: 
 
5.1 Data Input and Vector Transformation (Input Layer): Ordinary sensor data (SPO2, 
Heart Rate, Blood Pressure) are instantly transformed into Energy Vectors by the 
software: 
Signal from Patient: 𝑆𝑆ℎ(𝑡𝑡) = [𝐸𝐸𝑝𝑝,𝐸𝐸𝑛𝑛,𝐸𝐸𝑐𝑐] 
Signal from Machine: 𝑆𝑆𝑚𝑚(𝑡𝑡) = [𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑄𝑄𝑔𝑔𝑔𝑔𝑔𝑔 ,𝑇𝑇𝚤𝚤𝚤𝚤𝚤𝚤] 
 
5.2 ELMAS Decision Algorithm (Processing Layer) 
The software solves the following control equation every millisecond: 

Δ𝐸⃗⃗𝐸 = 𝑆𝑆ℎ(𝑡𝑡) − 𝑆𝑆𝑚𝑚(𝑡𝑡) 
 
Objective: To bring the difference Δ𝐸⃗⃗𝐸 to the "Resonance Equilibrium" point in the 5th Law.  
Scenario: If a deterioration (increase in negative energy) is detected in the patient's blood gas 
values, the software will not only speed up the pump; it will also optimize the pulse effect 
(vector impulse) of the blood flowing to the tissues by changing the phase angle (ϕ) of the 
pump. 
 
5.3 Dynamic Actuation (Output Layer) 
The software sends commands to the hardware via three main branches:  
Motor Driver: "Vector Torque Control" which synchronizes the speed of the pump vanes with 
the patient's heart rhythm.  
Gas Blender: Adjusts the gas gradient inside the oxygenator to a speed that neutralizes the 
instantaneous acidosis load (𝐸𝐸𝑛𝑛) of the cells.  
Heat Management: Regulates blood temperature with second-by-second precision to maintain 
it within the system's stable region (𝐸𝐸𝑐𝑐). 
 
5.4 Self-Optimizing (AI-Integrated) Structure:  
The software learns the patient's response to treatment over time. In accordance with the 
"Unique System Design" principle in ELMAS Theory, it creates a different Vectorial Profile for 
each patient. This means "personalized life support." 
 
6. System Advantages: 1-92 

Low Medication Requirements: Less anticoagulant is needed because blood flow is in 
resonance with the body.  
Fast Weaning: The software withdraws machine support with millimeter precision when the 
body's own 𝐸𝐸𝑝𝑝 (positive energy) production increases.  
Zero Errors: The moment the vectorial balance is disrupted (e.g., a blockage or leak), the system 
detects this as an "energy loss" and takes action within seconds. 
To complete an ELMAS Theory-based ECMO system, let's design both the Vector Interface 
(UI) that healthcare personnel will use to manage the system and the Hardware Integration that 
will translate these commands into physical movement, as a whole. 
 
6. 1 User Interface (UI): "Vector Health Index"  
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the blood. Smart Sensor Ring (Bio-Feedback Ring): Piezoelectric 
sensors placed at the cannula inlets read the micro-vibrations of the 
blood within the vessel. This data provides “real-time mass flow 
vector” input to the 5th Law equations. Active Damping Unit: To 
prevent the transmission of pump-induced mechanical vibrations 
(negative energy) to the patient, the device body is isolated from 
the main chassis using magnetic bearing (MagLev) technology.1-92

System Operation Summary (Integrated Structure)

Detect: The sensor ring measures vascular resistance and energy 
loss (En) 1000 times per second. 
Decide: The software calculates the “Ideal Vectorial Balance” 
using the ELMAS algorithm. 
Implement: The Vector Torque Driver brings the pump to the 
most efficient angle in that microsecond. 
Display: The staff confirms the success of the treatment by seeing 
the “Energy Triangle” on the interface approaching the center. 

Outcome and Future Projection

This approach elevates ECMO from a “supply device” to an 
“artificial organ” integrated into the patient’s circulatory system. 
The device no longer simply pumps blood; it actively manages 
the body’s thermodynamic balance (homeostasis).

Validation of an ECMO prototype based on ELMAS 
Thermodynamics Theory and the 5th Law requires measurements 
of “energy compatibility with the biological system,” going 
beyond the “survival-only” data of classical devices. We can 
structure the critical test parameters that need to be monitored 
during the prototype phase into three main categories:1-92

Vector Energy Balance and Efficiency Tests

These tests measure how well the device adheres to the equation 
Et=Ep+En+Ec in the 5th Law.
Entropy Production Rate (S-Gen): Measures how much heat the 
system loses and how much chaotic flow it produces. Low entropy 
means high vector efficiency. 
Negative Energy Index (En): The total shear stress experienced 
by the blood as it passes through the cannulas and pump, and the 
resulting Hemolysis Rate (Free Hemoglobin level). 
Vector Thrust Coefficient: The ratio between the perpendicular 
pressure exerted by the blood flow at the pump outlet on the 
vessel wall and the vector pressure in the direction of flow. (Goal: 
To minimize the perpendicular pressure and maximize the flow 
vector).

Bio-Robotic Resonance and Synchronization Tests

The quality of the mechanical dialogue established between the 
device and the patient (or simulator) is measured. 
Phase Matching Error (Δϕ): The millisecond difference between 
the peaks of the artificial heartbeat and the flow wave produced 
by the ECMO pump. 
Resonance Transfer Function: The capacity of the low-intensity 
vibrations produced by the device to amplify the “weak heart 
signal” in the simulator. 
Dynamic Adaptation Time: The speed (in ms) at which the software 
responds with “vector torque” to a sudden change in blood pressure 
or resistance (vasoconstriction) created in the simulator.

Membrane and Chemical Homeostasis Tests

Verify the thermodynamic equilibrium of gas exchange. O2/CO2 

Transfer Energy (kELMAS): 
The ratio of the energy expended during mass transfer of gas 
molecules to the oxygenation efficiency. Surface Energy Stability: 
The rate of fibrin deposition and protein adhesion on the membrane 
surface. (According to the ELMAS theory, the correct vector flow 
should create a “cleaning energy field” on the surface). 
Thermal Stability (Ec): The congruence of the blood cooling/
warming curve with the body’s natural thermoregulation rate. 
See Table 2.

 Table 2: Prototype Test Matrix (Example) 
Test Parameter Unit of Measure-

ment
Target Value (EL-
MAS Standard)

Vector Yield % > 92% (Traditionally 
~75-80%)

Hemolysis (NIH) mg/100L < 0.01 (Near zero 
damage)

Synchronization 
Delay

ms < 5 ms

Entropy Increase 
Rate

W/K Minimum (Near 
adiabatic)

Conclusion

This stage is the “engineering application” phase where the 
theory is transformed into a physical prototype. According to 
ELMAS Theory, let’s design both the hardware schematic (sensor 
placement) and the control logic (algorithm) in an integrated 
manner:1-92

Sensor Placement Plan (Hardware Schematic)

In addition to classic sensors, a specific placement capable of 
measuring Vector Energy is implemented: 
Inlet (Venous) Line: Vector Pressure Sensor: Measures not only the 
static pressure of the blood but also the entry angle and turbulent 
load (En). 
Cellular Stress Sensor (Piezoelectric): Reads the “frequency” of 
the mechanical stress experienced by red blood cells.
Pump (Centrifugal) Unit: 
Torque-Feedback Sensor: Compares the energy consumed by the 
motor vectorially with the blood flow resistance. 
Heat Gradient Sensors: Detect micro-heat increases (entropy loss) 
within the pump. 
Outlet (Arterial) Line: 
Laminar Flow Sensor (Ultrasonic): Monitors whether blood enters 
the vessel in “vector alignment” (parallelism).

Control Algorithm Logic (If-Then-Vect)

The algorithm works using an “Energy Decision Matrix” instead 
of scalar numbers. Here is the control logic based on the 5th Law: 

A. Synchronization Loop (Bio-Resonance): 
IF: If there is a deviation between the heartbeat phase (ϕheart)and 
the pump phase ϕpump); 
THEN: Send “Vector Torque Correction” to the motor driver; make 
the phase difference (Δϕ to 0) or (180°) in counter-pulse mode. 

B. Hemolysis and Turbulence Control (En) Management): 
IF: If the turbulence vector (En) at the vane outlet exceeds the 
specified threshold value; 
THEN: Reduce the flow rate (RPM), instead dampen the turbulence 
by changing the flow angle (the magnetic bearing position inside 
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the pump) at the micron level.

C. Gas Transfer Optimization (Ep) Management): 
IF: If venous O2 saturation is low and the patient’s metabolic rate 
(heat/activity) is high; 
THEN: Increase the gas pressure vector     at the membrane 
inlet and maximize the transfer efficiency (kELMAS) by bringing 
the collision angle of the gas molecules to the “Perpendicular 
Phase” (0°).

Integrated System Operation (Prototype Operating Principle)

Data Collection: Sensors capture a snapshot of the system’s current 
(Total Energy). 
Vector Analysis: The software compares the current state with the 
“Ideal Homeostasis Vector”. 
Actuation: 
Mechanical: The MagLev (Magnetic Bearing) pump accelerates 
the blood with minimal resistance (minimum (En) ).
Chemical: The oxygenator regulates gas exchange according to 
the instantaneous energy needs of the cells. 
Verification: The user interface observes an increase in the 
“Resonance Score” and a decrease in entropy production. 

Technical Application Summary

This prototype is not just a blood-circulating machine, but an 
energy module “tuned” to the patient’s biological rhythm.

To validate the ELMAS Thermodynamics Theory and 5th Law-
based ECMO prototype, a four-stage laboratory scenario must be 
designed to test not only the mechanical capacity of the device 
but also its biocompatibility resonance.1-92

Here is the Initial Laboratory Test Protocol for the prototype: 
Scenario 1: Vector Flow and Hemolysis Analysis (Static Test) 
The purpose of this test is to see how much the internal geometry 
of the device limits the production of “Negative Energy” (En). 
Setup: The device is operated in a closed loop with a test fluid 
having the viscosity of human blood (glycerol-based). 
Measurement: Flow lines are monitored with laser Doppler 
velocimetry meters (LDV) placed inside the channels. 
Criteria: There should be no abrupt breaks or turbulent loops 
(chaos vectors) in the flow lines. The loss of En should not exceed 
5% of the total kinetic energy.
Scenario 2: Bio-Robotic Synchronization (Dynamic/Pulsative 
Test) 
This test determines how quickly the device “resonates” with the 
patient’s heart rhythm. 
Setup: The ECMO is connected to an “Artificial Cardiovascular 
Simulator” whose rhythm and pressure can be adjusted. 
Test: An arrhythmia (irregular rhythm) or sudden drop in blood 
pressure is created in the simulator. 
Criterion: The prototype software must detect this change in less 
than 5 ms and synchronize its pump phase (ϕ) with the simulator’s 
new rhythm. The “Resonance Score” should not fall below 95%.
Scenario 3: Gas Transfer Energy Efficiency (Chemical Test) 
Measures how efficiently the membrane operates according to 
the coefficient of ELMAS (kELMAS). 
Setup: A blood sample with high (CO2 and low (O2) content is 
introduced into the circuit under controlled conditions. 
Measurement: The ratio between the gas inlet pressure and the 
dissolution rate in the blood (Ep transfer) is measured. 
Criterion: A 15-20% higher oxygenation efficiency should be 
achieved on the same surface area compared to conventional 
membranes. This confirms the principle of “maximum energy 

transfer with minimum matter” in the 5th Law.1-92
Scenario 4: “Stress Test” and Entropy Generation (Long-Term 
Test) 
Measures the system stability (Ec) and heating/wear of the device. 
Setup: The system is operated continuously for 72 hours at 
maximum capacity. 
Measurement: The increase in pump bearing and flow rate (entropy 
increase) is monitored. 
Criterion: Friction-induced heat increase should not exceed 0.5°C. 
This indicates the success of magnetic bearing (MagLev) and 
vector flow. 
Test Results Report (Dashboard)
At the end of each test, the software produces the following output: 
Total System Efficiency (Et): [Pass/Fail] 
Biocompatibility Index: [Score between 0.0 and 1.0] 
Critical Error Vectors: (Coordinates of turbulence, if any)
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Laminar Flow Sensor (Ultrasonic): Monitors whether blood enters the vessel in "vector 
alignment" (parallelism). 
 
8.2 Control Algorithm Logic (If-Then-Vect):  
The algorithm works using an "Energy Decision Matrix" instead of scalar numbers. Here is the 
control logic based on the 5th Law:  
A. Synchronization Loop (Bio-Resonance):  
IF: If there is a deviation between the heartbeat phase (ϕℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)and the pump phase  
ϕ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝);  
THEN: Send "Vector Torque Correction" to the motor driver; make the phase difference (Δϕ to 
0) or (180°) in counter-pulse mode.  
 
B. Hemolysis and Turbulence Control (𝐸𝐸𝑛𝑛) Management):  
IF: If the turbulence vector (𝐸𝐸𝑛𝑛) at the vane outlet exceeds the specified threshold value;  
THEN: Reduce the flow rate (RPM), instead dampen the turbulence by changing the flow angle 
(the magnetic bearing position inside the pump) at the micron level. 
 
C. Gas Transfer Optimization (𝐸𝐸𝑝𝑝) Management):  
IF: If venous O2 saturation is low and the patient's metabolic rate (heat/activity) is high;  
THEN: Increase the gas pressure vector (𝑃⃗⃗𝑃) at the membrane inlet and maximize the transfer 
efficiency (𝑘𝑘𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) by bringing the collision angle of the gas molecules to the "Perpendicular 
Phase" (0°). 
 
8. 3 Integrated System Operation (Prototype Operating Principle)  
Data Collection: Sensors capture a snapshot of the system's current (Total Energy).  
Vector Analysis: The software compares the current state with the "Ideal Homeostasis Vector".  
Actuation:  
Mechanical: The MagLev (Magnetic Bearing) pump accelerates the blood with minimal 
resistance (minimum (𝐸𝐸𝑛𝑛) ). 
Chemical: The oxygenator regulates gas exchange according to the instantaneous energy needs 
of the cells.  
Verification: The user interface observes an increase in the "Resonance Score" and a decrease 
in entropy production.  
 
9. Technical Application Summary 1-92 
This prototype is not just a blood-circulating machine, but an energy module "tuned" to the 
patient's biological rhythm. 
 
To validate the ELMAS Thermodynamics Theory and 5th Law-based ECMO prototype, a four-
stage laboratory scenario must be designed to test not only the mechanical capacity of the device 
but also its biocompatibility resonance.1-92 

Here is the Initial Laboratory Test Protocol for the prototype:  
Scenario 1: Vector Flow and Hemolysis Analysis (Static Test) The purpose of this test is to see 
how much the internal geometry of the device limits the production of "Negative Energy" (𝐸𝐸𝑛𝑛).  
Setup: The device is operated in a closed loop with a test fluid having the viscosity of human 
blood (glycerol-based).  
Measurement: Flow lines are monitored with laser Doppler velocimetry meters (LDV) placed 
inside the channels.  
Criteria: There should be no abrupt breaks or turbulent loops (chaos vectors) in the flow lines. 
The loss of 𝐸𝐸𝑛𝑛 should not exceed 5% of the total kinetic energy. 
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