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Figure 2: Thermogram of the compressor: a) side view b) upper view 

Thermographs obtained in the tests allow to calculate compressor heat losses based on literature 

dependencies. It can be assumed that the compressor body is a hollow cylinder with a length of 180 mm and a 

diameter of 100 mm. To calculate the convective heat transfer coefficient, the value of the Nusselt number 

should be determined. Dependence on it is conditioned by the nature of the fluid flow, which can be known by 

the Rayleigh number. To do this, it is necessary to determine the Grashof and Prandtl numbers, the 

characteristic dimension in this case being the diameter of the body d. In this case, the Grashof number is 

6.16∙106, while the number Rayleigh 3.91∙106. In this case, the Nusselt number relation due to Michiejew 

(Wisniewski and Wisniewski, 1994) have been chosen: 

𝑁𝑢 = 𝐶𝑅𝑎𝑐 (2) 

where the C and c coefficients depend on the value of Rayleigh number and are 0.54 and 0.25, respectively  

Knowing the averaged value of the Nusselt number, equal to 24.01, one can calculate the convective heat 

transfer coefficient h: 

ℎ = (𝑁𝑢 𝑘)/𝑑 (3) 

where k is thermal conductivity of air.  

The calculated convective heat transfer coefficient for the housing is 6.79 W/(m2K). 

Determining the convective heat transfer coefficient for the radiator is a more difficult issue. This is due to the 

more complex construction of the radiator. It is also not a typical radiator, which would consist of a base on 

which fins of the same shape and dimensions are placed. On the basis of the radiator there are 11 fins, the 
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shape of which is to be taken as a rectangular cross-section. The fins have an identical small thickness of 3 mm 

(thus can be negligible), however, they have different lengths w and height L. Therefore, a mean fin length of 

67 mm was used for further calculations. The average fin height can be determined from the dependence: 

𝐿 = 𝐴𝑓/(11𝑤2) (4) 

where Af means the total surface area of the fins (calculated for both sides of fin). 

The determined average fin height is 19 mm. Knowing the aforementioned dimensions, one can proceed to 

further determination of convective heat transfer coefficients: hf for fins and hb for the radiator base. Fins should 

be treated as vertical plates located next to each other. A certain simplification has been applied in the 

calculation, which considers a single vertical plate submerged in a fluid, with a height equal to the average fin 

height and the fin thickness. Simplification will not significantly affect the results because the radiator is small, 

and the fins are short. As with calculations for the compressor housing, determine the Nusselt number, 

depending on Rayleigh numbers. The parameters of the heat receiving fluid are identical to those in the heat 

transfer considerations between the housing and the air. The characteristic dimension is L. The Grashof number 

is 2.74×104, Rayleigh number is 1.7×104. For a vertical board, one can use the dependence on the Nusselt 

number in the form: 

𝑁𝑢 = 0.63𝑅𝑎1/4 (5) 

The calculated Nusselt number is 11.41. Using the relationship (3) and adopting L as the characteristic 

dimension, the convective heat transfer coefficient for the fins was determined. Its value amounted to 

7.19 W/(m2K).  

The same can be done by determining the convective heat transfer coefficient for the radiator base. The average 

length of the side of the radiator base b is 79 mm and is the characteristic dimension in this case. The assigned 

Grashof and Rayleigh numbers of are respectively 1.97×106, 1.25×106. In order determine the Nusselt number, 

one can use the McAdams dependency for a horizontal square plate heated from the bottom: 

𝑁𝑢 = 0.27𝑅𝑎1/4 (6) 

The designated Nusselt number is 9.02. Using the relationship (3) and adopting b as a characteristic dimension, 

the convective heat transfer coefficient for the fins was determined. Its value amounted to 3.23 W/(m2K). 

Knowing the value of convective heat transfer coefficients for the fins and radiator base, one can proceed to 

determine the convective heat transfer coefficient for the entire radiator hr from the dependence: 

ℎ𝑟 = 𝜂ℎ𝑓

𝐴𝑓

𝐴𝑑
+ ℎ𝑏

𝐴𝑖

𝐴𝑑
 (7) 

where η means the efficiency of the fin, Ai means the surface area between the fins, Ad means the expanded 

surface area (this is the sum of the surface area between the fins and the surface area of the outer fins), 

Ad=Ai+Af. 

The fin efficiency present in the Eq(7) can be determined by several methods - either analytically or read from 

the tables. The calculated efficiency of the fin is 0.99. Knowing all the necessary data, one can determine the 

convective heat transfer coefficient to the air from the radiator from the Eq(7). In the described case hr =5.84 

W/(m2K). 

Taking into account the determined convective heat transfer coefficients for the radiator and housing, one can 

calculate the total amount of heat lost to the environment. The results are presented in Table 1. 

Table 1: The amount of heat lost to the environment 

Part  Housing Radiator  

Heat flow [W] 11.19 2.06  

Convective heat transfer coefficient [W/(m2 K)] 6.79 5.84  

Average temperature [K] 322.34 311.78  

4. Numerical simulations 

In order to determine the lost heat flow conducted through the casing and radiator of the compressor, an 

approach was developed which compares the results of measurements taken at the stand with numerical 

simulations. The COMSOL Multiphysics package using FEM was used for numerical calculations. The 

governing equation can be presented as: 
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 𝜌𝐶𝑝
∂T

∂t
− ∇ ∙ (𝑘∇𝑇) = 𝑄 (8) 

where ρ denotes material density, Cp means heat capacity at constant pressure, Q means heat generation in 

the source or heat consumption in the sink. 

The geometry of the numerical compressor model was made using the CAD tools of the COMSOL Multiphysics 

program. In simulations as limit conditions, the following values were adopted: values of convective heat 

coefficients determined by means of thermovision. All outer surfaces of the casing in contact with the 

surrounding air are cooled by means of free convection. It can be reflected by a boundary condition: 

−(𝑘 
𝜕𝑇

𝜕𝑛
) = ℎ(𝑇inf − 𝑇amb) (9) 

where Tinf is surface temperature, Tamb is ambient temperature. 

Figure 3 illustrates the development of the numerical model of the compressor. 

 

  

Figure 3: 3-D model of compressor 

As the surface to which heat is applied, the inner surface of the housing was selected. The heat flow was taken 

from Table 1. In Figure 4, the temperature distribution on the external surfaces of the compressor representing 

the results of the numerical simulation is shown. The temperature distribution obtained numerically, in 

comparison to the thermovision test, has a higher temperature value for the housing and similar for the radiator. 

 

 

Figure 4: The temperature distribution obtained numerically 
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5. Conclusions 

The aim of the presented research was to examine the heat transfer conditions during the compressor operation. 

The temperature distribution for the compressor housing and radiator was determined by means of 

thermovision. Using the obtained temperature results, the values of convective heat transfer coefficients were 

determined (based on literature correlations). As a result, it allowed to determine heat losses. During the tests, 

the power absorbed by the compressor was also measured, which allowed to determine that 12.6 % of the 

power supplied to the engine is a loss in the form of heat discharged to the outside. 

The thermal imaging test is also a convenient tool for checking the results obtained during numerical simulations. 

Preliminary numerical simulations were carried out using the COMSOL Multiphysics computer package. The 

convective heat transfer coefficient determined using thermovision were used as accepted boundary conditions. 

At the further stage of testing, simulations should be carried out, eliminating some simplifying assumptions and 

validating the numerical model of the compressor. In the numerical model the piston, the motor and the layer of 

lacquer, which covers the compressor housing, have not been taken into account. The numerical model has 

been also simplified by applying heat flux on the internal surface of the compressor. The flux modeled internal 

heat coming from thermodynamic gas conversions and compression work. 

Nomenclature 

Af total area of the fins, m2 

Ai  area between the fins, m2 

Cp heat capacity at constant pressure, J/(kg K) 

d characteristic dimension, m 

h   convective heat transfer coefficient, W/(m2 K) 

k thermal conductivity, W/(m K) 

L  height of the fin, m 

Q  heat generation/consumption in a source/sink, W 

T temperature, K 

Tamb ambient temperature, K 

Tinf   external surface temperature, K 

w  length of the fin, m 

Greek symbols 

ρ density, kg/m3 

η efficiency of the fin 
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