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 The mixture model of blood as a three-phase continuous media composed of the free BP (phase 

1), RBC aggregates (phase 2) and BP captured inside the aggregates (phase 3) based on the mass and 

momentum balance equations, and aggregate kinetics equations is used for the 1d modeling of RBC 

sedimentation [2]. The hyperbolic system of equations for the mass and volumetric concentrations of 

RBC, and average volume of the RBC aggregates has been obtained and solved by the method of 

characteristics. The system has three families of characteristics producing four regions by their cross 

sections (Fig. 1b). Depending whether the third characteristics is positive or negative, two different 

scenarios can be found. The first zone corresponds to the clear BP region; zone 2 is filled by single 

RBC and small aggregates freely distributed in BP. Zone 3 corresponds to the aggregating RBCs and 

settling aggregates, while zone 4 is the compact zone composed by the resting aggregates with a small 

amount of captured BP. Depending on the model parameters the height h2 of the zone 2 may be short 

(h2<<h3 Fig.1a) or long (h2>>h3 Fig.1b) at the same values h1, h4. In the experiments both cases have 

been observed. The zone 2 has been present as semi-transparent pink or red colored region. Most 

likely, the zone 2 corresponds to the BP released at high vertical velocities from the aggregates due to 

instability and rapid compression of the RBC network in the zone 3 [2]. Based on the model, the 

expression for the time maxt  has been obtained.  

 
 

a b 
Fig. 1. Schematic representation of the sedimentation dynamics according to  

three characteristics (I, II, III) with positive (a) and negative (b) 2-nd characteristic 

4. Conclusions 

The ESR is a simple and convenient diagnostic test, but the ESR curves h(t) carry more valuable 

information on aggregation dynamics and specific interactions between RBC, BP proteins, products 

of the tissue decay, apoptosis or new growth. The differential h (t) curves show stable time intervals 

of maxt in different samples of the same person. The modified ESR test when a small portion of 

potential allergen (pollen, drug or food allergens) is added to the blood is very helpful in revealing 

different food and drug allergy. It gives a new tool for fast, cheap and reliable quantitative estimation 

of the allergy and personal compatibility with prescribed medicine. An addition of the allergen can 

lead either to acceleration or to deceleration of the ESR in comparison with the control probe. Due to 

instability of the sedimentation process when occasional formation of a large aggregate at the top of 

the sedimentation tube could fall down faster and accelerate the process, the study of several (3–5) 

probes with the same allergen could be recommended. The decision can be made on the averaged 

value of maxt  and averaged ESR curves. The developed model confirm maxt
 
strongly depend on 

RBC aggregation rate and slightly depend on the patient specific RBC concentration in the sample. 
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