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Aspects of Determination of Convective Coefficients  
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Abstract: The paper deals with selected aspects in the determination of convective coefficients and the formation of 

air convection models on solid surfaces. The goal is to assess the suitability of individual approaches for application 

in specific situations, considering that convective heat transfer coefficients have a significant impact on the resulting 

accuracy of the facilities/process design. Convection is a dynamic phenomenon, its exact physical description is 

complex, convection coefficients cannot be measured directly. Correct determination of convective coefficients is 

therefore very important in various areas where thermal energy is transmitted in this way. The paper gives an 

overview of selected aspects of various methods for determining convective heat transfer parameters.  
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1 Introduction 

Convective heat transfer as a phenomenon means 

thermal energy transfer between solid surface and 

surrounding fluid environment. This process is difficult 

to describe precisely because of many parameters that 

influence it. The convective coefficient which 

characterizes the convective heat transfer, is a function 

of several variables. Even for steady convection 

excluding phase changes the convective coefficient hk 

can be described as follows [1]:  

 

ℎ𝑘 = 𝑓(𝑤, 𝑡𝑠, 𝑡∞, 𝜆, 𝑐𝑝, 𝜌, 𝜂, 𝛽, Φ, 𝜏, 𝐿1, 𝐿2, 𝐿3 … )       (1) 

 

where w – flow rate (m.s-1) 

 ts – solid body surface temperature (K) 

 t∞ – non-affected fluid temperature (K) 

 λ – thermal conductivity coefficient (Wm-1K-1) 

 cp – specific heat capacity at constant pressure  

(J.kg-1K-1) 

 ρ – density (kg.m-3) 

 η – dynamic viscosity coefficient (Pa·s) 

 β – thermal expansion coefficient (K-1) 

 τ – time (s) 

 Φ – parameters describing solid body shape 

 L1, L2, L3 – solid body dimensions (m). 

 

2 Methods of convective coefficient 

determination 

Obviously, it is not possible to construct a convection 

model that would perfectly fit all flow patterns 

encountered in solving technical problems. However, 

based on the available knowledge, we can find a model 

that will accurately describe the given situation. 

One of the early methods that was developed for 

applications in internal (indoor) environment was 

Alamdari and Hammond method [2]. The formulas are 

applicable for buoyant flow caused by the temperature 

difference between the fixed surface and the air 

surrounding the surface. Relations are not applicable if 

the flow is generated by the heat source such as heating 

system, etc. 

Data for determination of formulas were originally 

intended for the so-called free surfaces. Although some 

authors find this approach inappropriate [3], 

experimental evidence confirms sufficient precision of 

relations for convection modeling in confined spaces 

[2]. 

Calculation parameters implemented in this model 

include: 

 T – absolute value of temperature difference 

between solid surface - air (K) 

 H – height of vertical surfaces (m) 
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 Dh – hydraulic diameter (m) 

 hk – convective coefficient (Wm-2K-1). 

There are three basic formulas within this method 

according to particular purpose. 

For vertical surfaces: 

 

ℎ𝑘 = {[1.5 ∙ (
∆𝑇

𝐻
)

1/4

]
6

+ (1.23 ∙ ∆𝑇1/3)
6

}

1/6

           (2) 

 

For horizontal surfaces with buoyant flow: 

 

ℎ𝑘 = {[1.5 ∙ (
∆𝑇

𝐻
)

1/4

]
6

+ (1.63 ∙ ∆𝑇1/3)
6

}

1/6

           (3) 

 

For horizontal surfaces with stratified layers: 

 

ℎ𝑘 = 0.6 ∙ (
∆𝑇

𝐷ℎ
2)

1/5

                                                      (4) 

 

Another series of experiments were carried out by 

Awbi and Hatton [4] with a focus on natural 

convection occurring on heating surfaces. Accordingly, 

the resulting formulas are relevant for heating 

applications. Two formulas follows from the research: 

For wall heating: 

 

ℎ𝑘 =
1.823∙∆𝑇0.293

𝐷ℎ
0.121                                                     (5) 

 

For floor heating: 

 

ℎ𝑘 =
2.175∙∆𝑇0.308

𝐷ℎ
0.076                                                     (6) 

 

As it is shown, the formulas implement hydraulic 

diameter Dh and temperature difference ΔT as input 

parameters. Hydraulic diameter: 

 

𝐷ℎ =
4𝑆

𝑃
      (m)                                                           (7) 

 

where S is the area of the given surface (m2), P (m) is 

perimeter of the surface. 

Another set of experiments were carried out by 

Khalifa [5]. Khalifa conducted experiments to 

determine convection models in buildings. The tests 

were repeated many times under different conditions to 

achieve a set of convective modes for different heating 

systems. The work resulted in 36 equations for the 

determination of convective modes, the set was further 

reduced to the 10 equations. Derived coefficients refer 

to the temperature difference ΔT (K) between the 

surface and the ambient air. Khalifa's equations are 

considered to be models with a tendency to give results 

somewhat higher than reality [6], whilst the error of the 

results increasing with the temperature difference. 

Table 1 Determination of convective coefficient 

according to Khalifa [4] 

SURFACE APPLICATION hk (Wm-2K-1) 

 
Walls 

 rooms with radiator heating 

 radiator is not located under 

the window 

 valid for surfaces near 

radiator 

 
 

1.98 ∙ ∆𝑇0.32 
(8) 

 

Walls 

 rooms with radiator heating 

 radiator is located under the 
window 

 

 
2.30 ∙ ∆𝑇0.24 

(9) 
 rooms with wall heating 

 not valid for heated wall 
itself 

 

Walls 

 rooms with convector 

heating 

 valid for surfaces opposing 

fan 

 
2.92 ∙ ∆𝑇0.25 

(10) 

 

 

Walls 

 rooms with convector 

heating 

 valid for surfaces that are 

not opposing fan 

 

 

 

 

2.07 ∙ ∆𝑇0.23 

(11) 

 rooms with floor heating 

 rooms with radiator heating 

 radiator is not located under 
the window 

 valid for surfaces which are 
not located near radiator 

 

Windows 

 rooms with radiator heating 

 radiator is located under the 
window 

 

8.07 ∙ ∆𝑇0.11 

(12) 

 

Windows 

 rooms with radiator heating 

 radiator is not located under 

the window 

 

7.61 ∙ ∆𝑇0.06 

(13) 

 

Ceilings 

 rooms with radiator heating 

 radiator is located under the 

window 

 
3.10 ∙ ∆𝑇0.17 

(14) 
 rooms with wall heating 

 

Khalifa's method together with Awbi and Hatton 

results provide integrated set of equations for 

convective coefficients determination for all kinds of 

surfaces in confined heated spaces (closed rooms). The 

formulas are valid for natural occurring convection. 

Experiments aimed on investigation of forced 

convection in air conditioned indoor spaces were 

conducted by Fisher [7]. The aim of the research was 

determination of convective coefficient in such 

conditions. He studied forced convection modes for 

typical airflows and typical room geometry. For the 

research, two types of diffusers were used, namely 

ceiling radial diffuser and wall horizontal diffuser. As a 

result, correlations have been obtained for three types 

of flow: for ceiling diffusers in an isothermal room, for 

ceiling diffusers in a non-isothermal room, and free 

horizontal diffusers in an isothermal room. 

Following are formulas for convective coefficient 

hk obtained by Fisher [7]. 

Ceiling diffusers in isothermal room for: 

 

 Walls  0.19 ∙ 𝑛0.8                                     (15) 
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 Floor 0.13 ∙ 𝑛0.8                                     (16) 

 

 Ceiling 0.49 ∙ 𝑛0.8                                     (17) 

 

Free horizontal diffusers in an isothermal room: 

 

 Walls −0.110 + 0.132 ∙ 𝑛0.8                 (18) 

 

 Floor 0.704 + 0.168 ∙ 𝑛0.8                    (19) 

 

 Ceiling 0.064 + 0.00444 ∙
𝑛2,8

∆𝑇
                 (20) 

 

The ranges of typical values of convective coefficients 

hk (Wm-2K-1) for various types of convective flows are 

large. 

Typical values [1]: 

- Free convection 

o  gases 2 – 25 

o  liquids 50 –100 

- Forced convection 

o  gases 25 –250 

o  liquids 50 – 20,000 

 

Conclusions 

Correct determination of the convective coefficient 

model is essential for creation of a heated space model 

that would use the thermal domain connection with the 

flow domain. Convection studies consistently represent 

a non-trivial problem in environmental engineering, 

convective coefficients themselves are often 

considered to be certain constants in simple 

applications, but they are too simplified: coefficients of 

convection heat transfer are in fact the functions of 

many variables as seen from the research and 

experimental works mentioned in this paper. [8] The 

research of convective processes itself is relatively 

labor-intensive, many of these experiments were 

carried out in real-size rooms and with real inputs. 

Multiple series of measurements under different 

conditions were often performed to obtain applicable 

results. 

It can be said that the results of these research 

papers provide an opportunity to use the simulation 

model of the indoor environment to predict the 

temperatures and the energy and mass flows in the 

built environment, and when properly used, such a 

model can provide a sufficiently precise output. 

It is clear that each model is always a certain 

simplification of reality, but this is not only a 

disadvantage. A theoretical model, which would copy 

reality accurately, would probably be very difficult to 

manage (imagine a map at 1:1). The model should 

provide usable results that help design energy saving 

systems while providing thermal comfort and good 

indoor air quality in buildings. 
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