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Abstract (300 word limit)
A nonlinear model of blood flow in large vessels is addressed. The influence of radiations, viscosity and uniform magnetic fields on velocity and temperature distribution waveforms is studied. Exact solutions for the studied model are investigated through the F−expansion method. Based on the choice of parameter values, single-, multi-soliton and Jacobi elliptic function solutions are obtained. Viscosity and permanent magnetic field bring about wave spreading and reduce the velocity of blood, while radiations have reversed effects with strong impact on the waveform frequency of both the velocity and temperature distribution. 
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Fig. 1. Schematic representation of the model. B 0 is the transverse permanent magnetic field, L 0 is the length of the vessel and ˆ x is the flow direction. R 0 
is the radius of the normal blood vessel and g is the gravitational acceleration. 
controlled, and this through large blood vessels, main source of temperature non-uniformity, with strong impact on tis- 
sue thermal conductivity [17,18] , as confirmed by Creeze and Lagendijk [19] during hyperthermia treatment. It is therefore 
obvious that clearly picturing the physiological system requires a better understanding and management of velocity and 
temperature distribution of blood in large vessels as testified by the broad range of contributions in that direction [20–24] . 
While many numerical and theoretical studies have been undertaken on the topic, it remains nevertheless clear that none, or 
few, of them consider explicitly the pulsatile character of blood flow, which is fundamental to hemodynamics simulations, as 
predicted by the soliton theory [25–33] . In fact, many theoretical and experimental studies, based on the pioneering works 
of Yomosa [25] , Hashimuze [26] , Demiray [27,29,30] and Duan [34] , actually converge to the idea that solitons are present 
and play various roles in the theory of blood flow. Albeit the context is different, we have the motivation in showing in 
the present paper that blood temperature distribution, coupled to its velocity, may be represented in terms of solitons with 
application to thermal therapy treatment. To this end, we use the mathematical formulation of the problem as proposed in 
Refs. [12,22,23,35–37] , which is a combination of various models related to blood temperature and velocity and where the 
viscosity of the blood, external thermal radiations and magnetic field are explicitly taken into consideration. 



The rest of the paper is structured as follows: in Section 2 , we present the model to be used and we derive its dimen- 
sional version. In Section 3 , after introducing some general knowledge on the F-expansion method [38,39] , we apply it to 
the model and derive some exact solutions in the form Jacobi elliptic functions (JEF). In Section 4 , we consider some specific 
solutions and discuss the effects of blood viscosity, external magnetic field and radiations on the waveforms of the blood 
velocity and temperature distribution. The last section is devoted to some concluding remarks. 
2. Mathematical model 



Most of the models assume the blood to be an incompressible fluid, which for the present case is considered to flow 
through a rigid vessel of length L 0 and radius R 0 (see Fig. 1 ). Simple models, like the Yomosa’s one, do not include tem- 
perature and therefore describe the dynamics of the arterial wall, which implies the use of elastic tubes to picture large 
blood vessels. The model we consider here, in the contrary, includes thermal radiations and a magnetic field. It supposes 
that the simple equation of state for a Boussinesq fluid is valuable in a gravitational fluid in the reverse direction to x . Using 
cylindrical coordinates, the following equations describe blood flow in large vessels in the presence of external magnetic 
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