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ABSTRACT 

We study a simple model of the capillary network of living systems. The volume flow of the blood versus pressure drop 
has a negative impedance interval, because the viscosity of the blood decreases with increasing shear rate. We explain 
the channel formation and deviations of the blood flow in solid tumours by this phenomenon.  
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INTRODUCTION 

The minimal energy-dissipation principle is valid for isothermal stationary dissipative structures. This controls the formation 
of the network to minimize the dissipative energy. Simple examples can be shown on direct current circuits (see Figure 1.) 
with P power I currents and R resistivities. In this case,  
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has to be minimal under the condition of:  
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Then: 

 02 222111  IRIIRIP   (3) 

and 

 021  III   (4) 

According to the Lagrange multiplier method,  

     0222111  IRIIRI   (5) 

The multiplier is chosen as: 

   011 RI  (6) 

In this case, because the arbitrary 2I  in (3) is also valid: 

   022 RI  (7) 

So (as is well known anyway), an equal potential will be formed on the two resistors:  
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Hence the current distribution from (2) is: 
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The perturbed currents are denoted by 
*
2

*
1 , II , and the perturbed condition according to (2) is  
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(10) 
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where we used 21 II    from (8). The perturbed state has higher dissipation than the regularly calculated standard 

circuit, so the regular circuits has minimal energy dissipation.  

 

Figure 1. Demonstration of the minimal energy dissipation principle. This circuit divides the actual current, 
keeping the dissipation to a minimum. 

METHOD 

A simple model of the velocity profile of the capillary is shown in Figure 2. [1], [2].  

 

Figure 2. Formation of stationary state at the entrance of the actual vessel section. There is a drop of pressure of 
the flow, and the velocity profile forms step by step. 

The transition interval also has a pressure drop due to the energy dissipation there.  

We hypothesize that the pressure drop at the incoming interval is smaller in the case of blood than the other stationary 
velocity profile belonging to the same size of transition interval. This hypothesis is supported by the high shear rate (the 
change of the velocity in the unit radius) and the viscosity of the blood decreases with increasing shear rate (see Figure 
3.), [3]. The energy dissipation in the unit volume is: 
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So the situation proposed by the hypothesis could happen.  
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Figure 3. Apparent viscosity of blood versus shear rate 

Note that the opposite situation occurs in the case of normal non-Newtonian fluids, but the deviation is smaller than in the 
case of Newtonian fluids, because the viscosity of the latter is constant. However in the case of power-type non-
Newtonian fluids:  
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where 01m .  

According to the experiments 

 Redclt   (13) 

where d is the vessel’s diameter and c ≈ 0.05. In the case of an increasing volume flow, the pressure drop decreases 

because the transition interval increases. The decrease of the pressure reverses due to the formation of turbulence, 
causing an increasing pressure versus volume flow, see Figure 4.  

 

 

Figure 4. Hypothesized characteristic of the capillary set in the network 

RESULTS 

The capillary beds work like a filter (see Figure 5.) [4], [5]. When the characteristic is negative, as in Figure 4., a current 
channel forms, the homogeneous current distribution is broken, and one part of the filter will have a higher volume flow 
than the other.  
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Figure 5. The capillary set works like a filter in the flow 

The energy dissipation of the filter induces this effect:  

 
2211 qpqpP   (14) 

where the subscript 1 denotes the smaller and larger volume currents. The pressure is unique:  

 ppp  21  (15) 

Hence 

   pqqqpP  21  (16) 

where 21 qqq 
 
are the actual volume currents. Under this condition, the energy dissipation will be minimal when:  

 
2211 qpqpP   (17) 

and p  is minimal. This point has pressure p  and volume-current 2q  according to Fig. 4. On the other side of the 

filter the volume-current is 1q , so the current channel exists. The balance of the volume-current is 
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Hence,the ratio of the surfaces is:  
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There is a criterion for forming the channel. When the volume-current is unified in the area of the filter, it is perturbed with 
a value: 
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When q volume-current flows through, causes differential hydraulic resistance 
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perturbation will be: 

   qRp diff   (21) 

The perturbation of volume-current will be absorbed by the massive supply of the incoming vessels or may allow volume 
changes like hydraulic condensers do (Fig. 5). When their capacity is Chc then  
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Consequently from (21) and (22):  

 
  qRC

dt

qdt
diff 

 1
  

(23) 

Hence, when 

 0 diffR  (24) 

then the perturbation grows exponentially. 

DISCUSSION 

The following consequences are possible: 

 In bypass operations, When vessel is taken from other part of the body, expecting independent vessels to share 
the job, two blood circuits are constructed because the shunt vessels between main flows does not exist ever 
more. Then the volume-current may flow asymmetrically and the working-point in resistance of characteristics 
(Fig.6. ) may be on the negative slope. Consequently asymmetric blood supply could happen, which could be 
measured even by temperature distribution too.  

 The cancerous tumour organizes its blood supply by angiogenesis. When any instability occurs in the 
development, the channels discussed above could form easily.  

 The blood pressure drop versus volume-current depends on the temperature and differs in the tumour from its 
healthy counterpart (see Figure 7.), [6]. This is because the volume-current flow starts to grow by vasodilatation. 
The system could work in a negative work-point in lower pressure than in the normothermia situation. .  

 

 

Figure 6. Change of the hydraulic characteristics of a capillary set (filter) with changes of vasodilatation by 
temperature increase 

CONCLUSION 

The supposed negative flow impedance of blood due to the characteristics of pressure drop versus volume flow could 
explain some particularities of the angiogenesis of solid tumours and could also be a useful tool to approximate the 
consequences of vasodilatation or vasoconstriction caused by various conditional changes in the tumour environment, 
including hyperthermia.  
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