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Abstract:  
 

         
      This article theoretically investigates the possibilities 

of heat transfer of ventilation radiators used in low-
temperature heating systems, and methods of their 
implementation. It has been found that increasing, modifying, 
or adding convection fenders to existing radiators can improve 
thermal efficiency. The main focus of the project is on 
improving the heating efficiency of existing radiators, which is 
cheaper and easier. Direct ventilation air towards the radiator 
or compress air between the radiator and the panel, thereby 
increasing thermal efficiency. 
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Introduction 
Improving the efficiency of radiators allows you to reduce the temperature of the 

water in the radiator circuits. This can lead to a number of positive environmental and 
economic aspects. These include the use of heat pumps, solar panels or similar energy-saving 
equipment, reducing heat losses in the district heating network, and creating an improved 
climate for the home [7, 11-12]. Studies have shown that indoor climate is more favorable for 
people when using low temperature heating systems, as these systems create a more stable 
and homogeneous indoor climate due to lower air velocity and temperature differences [1, 2]. 
The thermal power of radiators with natural or forced convection and vertical fins is 
calculated analytically, the main goal is to find ways to increase the thermal efficiency of 
radiators. 
Main body 

Water moves as a heat carrier inside the radiator. The transfer of heat from the heat 
carrier to the heat transfer medium or room is shown in Figure 1 and is given by the following 
formula (1). 

                                        (1) 

The parameters on the left: m, Cp and ∆θ are the mass of the water flow inside the 
radiator, the heat capacity of the water and the temperature difference between the water 
entering and leaving the radiator. 

                                      (2) 

The parameters on the right are the total heat transfer coefficient k, the total area of 
the heatsink A, ∆θ- m is the average temperature difference between the heatsink and the 
connecting medium ∆θ- m The expression is given below 
 

                                  =                                   (3) 

Where  -(air) is the average air temperature in the room, k is the total thermal 
conductivity. 

                                              (4) 

The parameters on the right are the amount of heat transferred from the water to the 
inner surface of the radiator, δ is the wall thickness of the radiator, λ is the thermal 
conductivity, αins is the heat transfer coefficient between the water radiator of the coolant, α 
out is the heat transfer coefficient between the air and the radiator, The amount of radiant 
heat transferred to the surface of the radiator , α conv is the heat transfer coefficient from the 
radiator surface. This coefficient can be determined from the following expression (5). 

conv =Nu                                                     (5) 

Here λ is the thermal conductivity of air (in this study, this figure is taken equal to 
(0.025 Wt-1 oC-1), h- is the height of the heated vertical surface, Nu is the number of invariant 
pieces on one vertical surface based on the number of rays in natural convection. 
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Figure 1. The process of transferring heat from the radiator.  

The amount of heat produced, P, is the product of the parameters to the right of 
equation (1). 

Ra as shown in the equation. (5a-c) below [3]. The following expressions are used to 
determine the Nuslet number. 

 
Nu=1.10 (Gr Pr)0.17 when 10 4                             (5a) 

 
Nu=0.48 (Gr Pr)0.24 when 104 8                            (5b) 

Nu=0.16 (Gr Pr)0.32 when 108 12                             (5c) 
 

Here Ra is the result of the Grashof number, Gr is the Grashof number, Pr is the 
prandatl number. In this study, the Prandtl number is Pr ~ 0.71 depending on the applicable 
temperature range for air. 

Gr= g                                                (6) 

Here β is the expansion coefficient, v is the kinematic viscosity, and the values are 3.73 
10-3 oC-1 va 1.83  10-5 m2s-1, respectively. Natural convection is allowed at Gr/Re2 1, mixed 

convection at Gr/Re2 1 and forced convection at Gr/Re2 1. The Reynolds number 
determines the degree of turbulence in the existing environment. [5-10] 

 Re=                                                              (7) 

Here: u, L and v-velocity, length and kinematic viscosity, respectively. (8) and (9) give 
the number Nu of mixed and forced convection on vertical surfaces. [3]. 

Nu= 0.332 Pr1/3  Re1/2 (mixed convection on a vertical surface)  (8) 
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Nu= 0.0296 Pr1/3  Re4/5 (forced convection on a vertical surface)  (9) 

The above equations are applicable when 0.6 <Pr <60. With forced convection, the 
number Nu for narrow channels is calculated by the formula. If the flow is laminar, it is 
calculated by (10); for turbulent flow, (12) is used. The equations are based on the Nu nuslet 
Granryd number [4] and include the effects of flow at the entrance to the channels. The 
hydraulic diameter dh is used when the ducts are round. (13) Used by dh. 

 

Nudh (duct; forced convection; laminar flow) (10) 

 

Gz = Redh  Pr                                                    (11) 

 
Nu dh =0.407 (dh/L)0.3   (duct; forced convection; turbulent flow) (12) 

 
The above equation can be used when 2500 <Redh <7000 и 3<L/dh<20. The following 

expression is used to determine the hydraulic diameter. [13]                          

    dh=                                                                (13) 

Here: Lper -is the main perimeter 
According to equations (1) - (13), if cold air is directed to the warm surface of the 

radiator, the power of the heat signal will automatically increase. This affects both the 
temperature and the flow rate of warm air. [14] 
Conclusion 

In conclusion, it should be noted that the use of ventilation radiators in a low 
temperature heating system can also have some effect on the ventilation system in the room, 
which means that the FIC can be increased by replacing existing radiators in the heating 
system with low temperature ventilation radiators. It is also possible to use alternative 
energy sources Using the formulas given in this article, it is necessary to take into account 
several factors that affect the heat transfer of radiators. 

Ventilation-radiator with the narrowest possible air channel between the radiator 
panels is best done. The narrow air gap gave a higher air velocity in the ventilation duct, 
which increased heat transfer. The disadvantage of the design of the area is a narrower 
ventilation channel - the risk of drafts near the radiator. 

Therefore, the desired volumetric flow rate should be the main factor in determining 
the geometry of the ventilation duct in relation to both the draft risk and the best filter type. 
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