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Abstract. Heat transfer coefficients are often used to describe the thermal behaviour of radiant systems and 

how it transfers heat between the cooled/heated surface and the room. In addition to current standards, 

numerous studies have been conducted to obtain the heat transfer coefficients through experiments and 

simulations. However, inconsistency is evident in the values or expressions suggested. Thus, this study 

investigated possible sources of discrepancy through an extensive literature review on articles and standards 

that focused on the heat transfer coefficients at the cooled/heated surface. Measurement data provided by 

different authors were extracted to compare both the amount of heat transfer and the actual heat transfer 

coefficients. Consequently, suggested values and expressions were used to predict the measurement data in 

other articles to examine their accuracy. Comparison of the results showed that the radiant heat transfer 

coefficients had a consistent value throughout the literature and had prediction error within ±20%. However, 

larger deviations and prediction errors were seen in the total and convective heat transfer. It was suggested 

that some of the sources of error may have been the calculation procedure of each heat transfer mechanism, 

choice of reference temperature and its measurement height/position, and room dimensions.

1 Introduction 

Radiant systems are now commonly used as a 

comfortable and energy efficient alternative in buildings 

in many countries. Heat transfer of radiant systems is 

different from that of conventional all-air systems since 

cooling/heating is provided by both radiation and 

convection from a cooled/heated surface. In order to 

describe the heat transfer between the radiant surface and 

the room, heat transfer coefficients are often used. Heat 

transfer coefficients are values commonly used in 

calculations regarding the thermal behaviour of radiant 

systems, such as load calculation and dimensioning. The 

radiant surface serves as the boundary between the room-

side and the system-side (mechanical system) and, 

therefore, understanding the heat transfer process at the 

surface is crucial for the whole design of radiant systems.  

In general, radiant and convective heat transfer 

coefficients, or the combination of the two (total heat 

transfer coefficients) are used. Radiation and convection 

have distinct passages of heat, where the former is the 

heat transfer between surfaces, while the latter takes 

place between a surface and air (fluids). Thus, radiant 

heat transfer coefficients describe the heat transfer 

between the radiant surface and other surfaces within the 

room, while convective heat transfer coefficients 

describe the heat transfer between the radiant surface and 

air. The total heat transfer coefficient is used to describe 

the combination of the two with a single value. 

Numerous investigations on the heat transfer coefficients 

have been carried out in previous studies, each resulting 

in different suggested values. Literature reviews on 

suggested values [1] and convective heat transfer 

coefficients [2, 3] have been conducted in the past. This 

study presents a preliminary literature review on the heat 

transfer coefficients specifically for radiant cooling and 

heating systems, with an emphasis on measurement 

conditions/setup and data. Affecting parameters for each 

type of heat transfer were investigated, and sources of 

discrepancies and considerations for further research 

were identified. 

Nomenclature 

AUST 
area-weighted average unheated/uncooled surface 

temperature (°C) 

D hydraulic diameter (4 × area/perimeter) (m) 

H height of heated/cooled surface (m) 

hc convective heat transfer coefficient (W/m2K) 

hr radiant heat transfer coefficient (W/m2K) 

htot total heat transfer coefficient (W/m2K) 

qc convective heat transfer (W/m2) 

qr radiant heat transfer (W/m2) 

qtot total heat transfer (W/m2) 

Ta air temperature (°C) 

Top operative temperature (°C) 

Top1.1 
operative temperature measured at 1.1 m above 

the floor (m) 

Ts surface temperature of heated/cooled surface (°C) 

Tw,sup supply water temperature (°C) 

ε emissivity (-) 
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2 Suggested Heat Transfer Coefficients 

2.1 Standards and guidelines 

The suggested total and convective heat transfer 

coefficients in standards are listed in Table 1. Either a 

fixed value or a temperature dependent expression is 

presented for each type of surface. For the total heat 

transfer coefficients, similar values are given in each 

standard. Similarly, though the reference temperature is 

not specified, REHVA [4], EN [5, 6], and ISO [7] 

standards all share the assumption that radiant heat 

transfer coefficients may be set to 5.5 W/m2K in a 

temperature range between 15°C and 35°C.  

On the other hand, ASHRAE [8] does not provide 

total or radiant heat transfer coefficients but suggests 

radiant heat transfer to be calculated based on the MRT 

method. In most cases, surface emissivity within a room 

are assumed to be equal values, resulting in a calculation 

between the fourth power of the cooled/heated surface 

temperature and AUST. In addition, ASHRAE provides 

expressions for the calculation of convective heat 

transfer. The expressions were modified to take the form 

of a heat transfer coefficient as shown in Table 1. 

2.2 Literature 

A total of 19 articles were reviewed, out of which 10, 5, 

and 5 observed the ceiling, floor, and wall, respectively. 

Some articles reviewed multiple surfaces. Only articles 

focusing on the surface heat transfer coefficients of 

radiant systems were chosen, excluding articles which 

handled inner surface heat transfer in general. Suggested 

values extracted from literature are shown in Table 2. 

Most values were obtained through experiments, with 

several exceptions that performed a computational 

analysis [22, 26, 27]. 

First, the radiant heat transfer coefficients were 

overall in good agreement with the standards. Similar 

values around 5-6 W/m2K were seen for the radiant heat 

transfer coefficients, except for the wall systems, which 

had a lower value of 4.3 W/m2K. While the majority 

used AUST as the reference temperature, Karadağ [22] 

used the air temperature as a reference temperature, and 

surrounding wall temperature as an adjusting variable. 

The total and convective heat transfer coefficients 

had a wide range in suggested values, even for the same 

position and operation mode of the surface. For the total 

heat transfer coefficient, the reference temperatures were 

either air or operative temperature, the latter being more 

common in the cases shown here. However, Yuan et al. 

[19] pointed out that the same operative temperature may 

be found in different combinations of air temperature and 

mean radiant temperature (MRT), and thus included the 

supply water temperature in the expression to calculate 

the total heat transfer coefficient. This discriminates the 

cases with the same operative temperature but with 

different air temperature and MRT.  

As an effect of buoyancy, the convective heat transfer 

varies depending on the position and temperature 

difference between the observed surface and fluid. 

Therefore, in general, ceiling cooling and floor heating 

has a higher convective heat transfer coefficient as 

compared to ceiling heating and floor cooling. Since the 

convective heat transfer is greatly affected by the surface 

(contact) area with the air, it may be enhanced by 

applying fins, which was the case for Zhang et al. [12]. 

Standard/Guideline Surface Type htot (W/m2K) Reference Temp. Notes 

REHVA [4] 

Ceiling Cooling 11 

Top 

hr assumed to be  

5.5 W/m2K in 

temperature range of  

15 – 35°C 

Ceiling Heating 6 

Floor Cooling 7 

Floor Heating 11 

Wall Cooling / Heating 8 

EN1264-5 [5] 

Ceiling Cooling 10.8 

Ceiling Heating 6.5 

Floor Cooling 6.5 

Floor Heating 10.8 

Wall Cooling / Heating 8 

EN15377-1 [6] 

ISO 11855-2 [7] 

Ceiling Cooling 8.92·|Ts - Top|0.1 

Ceiling Heating 6 

Floor Cooling 7 

Floor Heating 8.92·|Ts - Top|0.1 

Wall Cooling / Heating 8 

Standard/Guideline Surface Type hc (W/m2K) Reference Temp. Notes 

ASHRAE [8] 

Ceiling Cooling 2.42·|Ts - Ta|0.31/D0.08 

Ta 

For large spaces where 

room size cannot be 

ignored 

Ceiling Heating 0.20·|Ts - Ta|0.25/D0.25 

Floor Heating 2.42·|Ts - Ta|0.31/D0.08 

Wall Cooling / Heating 1.87·|Ts - Ta|0.32/H0.08 

Ceiling Cooling 2.13·|Ts - Ta|0.31 
Simplified calculation 

(D = 4.91 m,  

H = 2.7 m) 

Ceiling Heating 0.134·|Ts - Ta|0.25 

Floor Heating 2.13·|Ts - Ta|0.31 

Wall Cooling / Heating 1.78·|Ts - Ta|0.32 

Table 1. Suggested heat transfer coefficients in standards and guidelines 

 



Fig. 1. shows the measured heat flux and heat transfer 

coefficient of the measurements in literature. Results of 

ceiling cooling cases are shown, since it had the most 

number of measurement cases, and the convective 

portion is larger compared to the ceiling heating or floor 

cooling cases. The ∆T represents the temperature 

difference between the cooled surface and the reference 

temperature specified in each article.  

Results show that the radiant heat transfer had a 

highly linear correlation with ∆T, resulting in a 

consistent radiant heat transfer coefficient throughout the 

literature. The plots largely deviating from the other plots 

are cases with aluminum foil on the cooled surface, 

having a lower emissivity of 0.1. The same deviation can 

be seen in the total heat transfer coefficient as well. 

Overall, the total heat transfer coefficients showed a 

constant value between 8-10 W/m2K, except for the 

cases of Causone et al. [14], which had a value between 

12-14 W/m2K. The convective heat transfer coefficients, 

on the other hand, had larger differences within and 

between articles, ranging from 2-6 W/m2K. Results from 

Cholewa et al. [15] had the largest deviation within the 

measurements, due to the use of multiple reference 

temperatures for the same measurements. Calculation 

within a small band of ∆T may have had an effect as well. 

On the contrary, measurements by Yuan et al. [19] had a 

stable value of 3-4 W/m2K within a large band of ∆T 

between 3-12 K. 

Author 
Surface 

Type a) 

Heat Transfer Coefficient (W/m2K) b) Reference Temperature 
Conditions 

Tot. Rad. Conv. Tot. Rad. Conv. 

Okamoto et 
al. [9] 

CH 

- 

5.65 1.69 

- n/a n/a 

meandering pipes 

6.05 2.54 spiral pipes 

CC 
5.65 2.54 meandering pipes 

6.05 1.69 spiral pipes 

Yuan et al. 
[10] 

CC 7.6 - 9.8 - - Ta - - - 

Acikgoz 

and Kincay 
[11] 

WC 8.1 4.3 2.7 Ta AUST Ta - 

Zhang et 

al. [12] 

CC* 8.4 5.3 3.2 

Top AUST Ta 

panels with fins 

*typical office room 

**high ceiling, glass 
curtain wall & ceiling 

CH* 6.8 5.7 1.1 

CC** 9.2 5.8 4.0 

CH** 11.8 5.7 5.9 

Andrés-
Chicote et 

al. [13] 

CC 8.5 5.4 4.2 Top AUST Ta - 

Causone et 
al. [14] 

CC 13.2 5.6 4.4 
Top AUST Ta - 

CH 5.8 5.6 0.3 

Cholewa et 

al. [15] 

CH 5.6 5.5 0.0 
Top AUST Ta 

*decrease value from 

[18] by 22% CC 9.36·(Top1.1-Ts)
0.1 5.2 2.04-3.65 * 

Cholewa et 

al. [16] 

FH 7.67·(Ts-Top1.1)
0.1 5.6 2.2-3.5 * 

Top AUST Ta 
*decrease value from 

[18] by 24% FC 5.7 5.0 0.1 

Koca and 
Çetin [17] 

WH 8.57 5.74 2.44 
Top AUST Ta - 

CH 7.28 5.7 0.82 

Koca et al. 
[18] 

WH 

8.46 - 8.94 5.38 -5.57 3.07 - 3.22 

Top AUST Ta 

wall 1 

8.16 - 8.48 5.38 - 5.57 2.25 - 2.40 wall 2 

8.76 - 9.28 5.98 - 6.25 2.59 - 2.73 wall 1 + 2 

Yuan et al. 
[19] 

CC 
7.49·|Ts - Tw,sup|

-0.032 

·|Top - Ts|
0.09 

- - Top - - - 

CH 
6.684·|Ts - Tw,sup|

-0.139 

·|Top - Ts|
0.09 

Miriel et al. 
[20] 

CC 

- - 

3.0 

- - Ta 

panel front-side 

0.8 panel backside 

CH 
1.25 panel front-side 

1.75 panel backside 

Awbi and 
Hatton [21] 

WH 

- - 

(1.823/D0.121)(Ta - Ts)
0.293 

- - Ta - FH (2.175/D0.076)(Ta - Ts)
0.308 

CH (0.704/D0.601)(Ta - Ts)
0.133 

Karadağ 
[22] 

CC 11.5·ɛ·(Ta - Ts)
0.09 - 3.1·(Ta - Ts)

0.22 Ta - Ta - 

Olesen et 

al. [23] 
FC 7.5 5.5 1.0 Top AUST Ta - 

Evren et al. 
[24] 

FH 9.9*, 10.1** 5.4 3.7 Top AUST Ta 

Based on: 

* calculated qtot 

** measured qtot 

Khalifa [3] 
FH 

- - 
2.416(Ta - Ts)

0.31/D0.076 
- - Ta 

Quoted from Min et al. 
[25] CH 0.203(Ta - Ts)

0.25/D0.24 

Karadağ 

[26] 
CC - 8·ɛ·(Ta - Ts)

m 2.6·(Ta - Ts)
0.27 - Ta Ta 

-0.06 < m < -0.1  

(wall temp. dependent) 

Acikgoz 
[27] 

WH 
10ɛ0.80(Ts - Ta)

0.07 - 1.5(H/L)0.09(Ta - Ts)
0.47 

Ta 
- 

Ta - 
10.50 5.50 3.50 AUST 

a) CC: ceiling cooling, CH: ceiling heating, FC: floor cooling, FH: floor heating, WC: wall cooling, WH: wall heating 
b) Tot.: total, Rad.: radiant, Conv.: convective 

Table 2. Suggested heat transfer coefficients in literature 

 



3 Prediction Accuracy 

The purpose of heat transfer coefficients is to predict the 

amount of heat transfer in a given condition. However, as 

stated in the previous section, the suggested values and 

expressions differ for each standard/study. Thus, each 

was used to predict the amount of heat transfer of the 

ceiling cooling cases to compare with every 

measurement data plotted in Fig. 1 (excluding the ɛ = 0.1 

cases). The distribution of the percentage of error for 

each prediction source is shown in Fig. 2. The whiskers 

represent the furthest data within 1.5 interquartile ranges 

from the first and third quartiles, and any data out of 

range is plotted as circles. Positive and negative errors 

each represent overprediction and underprediction. 

Fig. 1. Measured heat fluxes and heat transfer coefficients in literature (ceiling cooling cases) 

 

Fig. 2. Prediction accuracy of heat transfer coefficients suggested in literature 

 



First, the radiant heat transfer had the highest 

accuracy for all the suggested values. In all cases, the 

prediction percentage of error was within ±20%. 

However, larger distributions of error were seen in the 

total and convective heat transfer. Regardless of the use 

of constant values or temperature (and other parameter) 

dependent expressions, each resulted in a large deviation 

of 60-80% in its prediction. Furthermore, most suggested 

values gathered on the positive side of the error, meaning 

that the value was overpredicted. For the total heat 

transfer coefficient, the values proposed by Andrés-

Chicote et al. [13] and Yuan et al. [19] were able to keep 

the predicted values equal to or less than the measured 

values. For the convective heat transfer, the equation 

proposed by Cholewa et al. [15] had all the errors on the 

negative side, which correspond to their argument that 

most convective heat transfer in literature are over 

evaluated.  

4 Sources of Error 

4.1 Calculation Method of Heat Transfer 

Table 3 lists the measurement and calculation conditions 

for each researcher that performed experiments. In most 

of the cases, radiant heat transfer is obtained through 

numerical calculation using surface emissivity and 

temperature of each surface within the room. Thus, the 

obtained value showed similar results for each article. 

The total heat transfer is obtained either by calculation 

using inlet and outlet water temperatures and flow rate of 

the radiant system or measuring the emission from the 

surface using equipment such as heat flux sensors. In the 

articles reviewed in this study, the former approach was 

more commonly taken. However, Cholewa et al. [15, 16] 

argues that the latter approach should be taken, since 

calculations based on the radiant system input and 

outputs do not necessarily represent the heat flux towards 

the room, due to the heat loss towards the other side of 

the cooled/heated surface. Some articles indicate that 

heat loss was taken into account, however the calculation 

method of heat loss was not specified in most cases. 

Measuring the total emission from the surface, on the 

other hand, has its own drawbacks. When measuring the 

heat flux from a surface, it must be noted that the 

measured value only represents the heat transfer at the 

point it is placed. Hence, the validity of the measured 

value to represent the total heat transfer must be 

considered. Furthermore, contact sensors such as heat 

flux sensors or surface temperature sensors change the 

surface conditions and temperature of the measurement 

point it is placed, which is another possible source of 

error. 

In addition, almost all the articles with an 

experimental approach obtained the convective heat 

transfer from the difference between the total and radiant 

heat transfer. As previously stated, radiant heat transfer 

had little deviation between each study, therefore the 

errors in the total heat transfer will likely appear in the 

convective heat transfer. Furthermore, since the 

convective heat transfer has smaller values compared to 

the total heat transfer, the deviation will be relatively 

larger when converted to heat transfer coefficients. 

It must be noted that since a source of error lies 

within the calculation process to obtain the total and 

Author 
Dimensions 

l × w × h (m) 

Radiant Surface 

Area (m2) 

Heat Flux Measurement/Calculation Method Meas. Height (m) Ventilation/ 

Air Supply Tot. Rad. Conv. Top Ta 

Okamoto et 
al. [9] 

n/a n/a 
measured from 

surface  
measured 

from surface 
total - radiant n/a n/a n/a 

Yuan et al. 

[10] 
4.2 × 3.6 × 2.4 12 system - heat loss - - - n/a no 

Acikgoz and 

Kincay [11] 

1.8 × 1.8 × 

2.85 
5.13 system calculation total - radiant - 1.45 n/a 

Zhang et al. 

[12] 

12 × 6 × 3, 

10.5 × 6 × 5 

26 / 72.8, 
19.5 / 54.6 

(projected / 

surface) 

system calculation total - radiant 1.5 1.5 n/a 

Andrés-

Chicote et 

al. [13] 

3.6 × 3.6 × 3 4.79 system calculation total - radiant n/a n/a yes 

Causone et 

al. [14] 

4.3 × 2.7 × 

2.56 
11.61 system - heat loss calculation total - radiant 1.1 

0.1, 1.1, 

1.7 
n/a 

Cholewa et 
al. [15, 16] 

1.56 × 1.56 × 
2.21 

2.43 
measured from 

surface 
calculation total - radiant 

0.6, 
1.1 

0.1, 0.6, 
1.1, 1.7 

n/a 

Koca and 

Çetin [17] 
4 × 4 × 3 6, 14 system - heat loss calculation total - radiant n/a n/a no 

Koca et al. 

[18] 
6 × 4 × 3 4.4, 11, 15.4 system - heat loss calculation total - radiant 1.1 1.1 n/a 

Yuan et al. 
[19] 

4.2 × 3.6 × 2.4 12 system - heat loss calculation - n/a n/a no 

Miriel et al. 

[20] 
n/a 14 - - 

simulation and 

measurement 
comparison 

- n/a n/a 

Awbi and 

Hatton [21] 

2.78 × 2.78 × 

2.3 
5.928 system - heat loss calculation total - radiant - 1.15 n/a 

Olesen et al. 

[23] 
6 × 4 × 2.8 24 system - heat loss calculation total - radiant 

0.6, 

1.1 
0.6, 1.1 n/a 

Evren et al. 
[24] 

2.74 × 2.25 × 
2.45 

6.165 
radiant + 

convective 
calculation calculation n/a n/a n/a 

Table 3. Measurement and Calculation Conditions for each Article 

 



convective heat transfer, the prediction accuracy shown 

in Fig. 2. does not necessarily represent the effectiveness 

of each value/expression. Instead, it shows that the 

obtained heat transfer and/or heat transfer coefficients 

may not be on equal grounds to compare the validity of 

each other’s measurements. Either a re-examination of 

the calculation process or the use of other parameters, or 

both, may be necessary. 

4.2 Reference Temperature 

The selection of reference temperature is one of the 

determining factors of heat transfer coefficients. Olesen 

et al. [23] performed multiple calculations using the 

same amount of convective and total heat transfer with 

different reference temperatures to demonstrate the effect 

of its choice for floor cooling conditions. It was 

suggested that the reference temperature should be used 

according to the purpose of the heat transfer coefficients; 

for instance, when comparing with comfort conditions, 

the operative temperature at 0.6 and 1.1 m above the 

floor should each be used for a sedentary and standing 

person, respectively. Subsequent studies also compared 

heat transfer coefficients based on the reference 

temperature measurement height for convective and total 

heat transfer and resulted in different heat transfer 

coefficients for each height [14-16]. 

4.3 Temperature Stratification and Ventilation 

As previously stated, the choice of reference temperature 

and its measurement height altered the outcome of the 

total and convective heat transfer coefficients. In other 

words, there was a temperature stratification during the 

measurements. Yuan et al. [10, 19] clearly stated that no 

ventilation or air supply was used, in order to minimize 

forced convection on the cooled/heated surface. On the 

other hand, Andrés-Chicote et al. [13] supplied air to 

their test chamber to obtain a uniform environment, 

taking necessary precautions to keep the air velocity 

within the room at a low value and avoiding forced 

convection on the cooled/heated surface. Other articles 

observed in the present review did not specify whether or 

not such systems were used.  

Applying air movements within the test chamber will 

greatly affect the indoor environment in terms of 

temperature stratification and air velocity. Hence, the 

impact of the reference temperature measurement height 

will be affected as well. Moreover, as previous studies 

[28] have indicated, increased air velocity will result in a 

higher heating/cooling capacity of the radiant system by 

the effect of forced convection. There is most likely a 

trade-off between temperature uniformity and air 

velocity in this case. However, different ventilation 

strategies should be compared for a closer real-life 

condition. The values presented in this paper are 

intended for natural convection, thus additional 

parameters such as air change rate should be considered 

if the heat transfer falls into a mixed or forced 

convection regime.   

4.4 Dimensions 

The suggested correlations for the convective heat 

transfer in Tables 1, 2 show that in addition to the 

temperature difference, the hydraulic diameter or wall 

height (i.e. dimensions of the room and cooled/ heated 

surface) are included. As listed in Table 3, the 

dimensions of each test chamber and the surface area of 

the controlled surface was different, resulting in 

inconsistencies. The calculated hydraulic diameters 

ranged between 1.6-3.4 m. Out of the measurement cases 

plotted in Fig. 1, the lowest and highest values were seen 

in the test chambers of Cholewa et al. [15] and Yuan et al. 

[10], respectively. In the detailed calculation suggested 

by ASHRAE [8], the differences in the hydraulic 

diameters resulted in an error of about 1 W/m2K at ∆T=8 

K in the resulting convective heat transfer coefficient. A 

smaller hydraulic diameter will result in a larger 

temperature dependency, and a more stable convective 

heat transfer coefficient with a larger hydraulic diameter. 

This relationship was observed in the two articles, as 

previously stated [10, 15].  

5 Conclusion 

A preliminary review was conducted on the heat transfer 

coefficients of radiant systems. Suggested 

values/expressions and measurement results from 

standards, guidelines and published articles were 

comprehensively collected and analyzed. In the literature, 

multiple studies were conducted to measure the total, 

radiant, and convective heat transfer, and heat transfer 

coefficients. Measurement conditions and calculation 

methods varied for each study, resulting in a wide range 

of suggested values. 

Due to the well-defined, shared calculation method, 

small deviations were seen throughout the literature for 

the radiant heat transfer and heat transfer coefficient. 

However, a larger deviation was observed for both 

within and between each measurement for the total and 

convective heat transfer. The total heat transfer may be 

calculated by the water circuit or measured directly by 

heat flux sensors, each requiring careful consideration of 

heat loss and temperature representation of the surface. 

Convective heat transfer is calculated by the difference 

between the total and radiant heat transfer, accumulating 

possible errors on the convective heat transfer and 

consequently the convective heat transfer coefficient. 

The impact of such errors on the system should be 

further analyzed through simulations. 

In addition, room and cooled/heated surface 

dimensions and the use of air supply are likely to alter 

the outcomes of the convective heat transfer, since they 

affect the temperature distribution within the room. 

Temperature stratification will occur regardless of air 

supply, thus making the measurement height of the 

reference temperature critical. This applies to the total 

heat transfer as well, in addition to the choice of 

reference temperature (air or operative). When air is 

supplied to the room, mixed or forced convection may 

also take place, resulting in even more parameters that 



can affect the heat transfer such as air velocity, which 

needs to be considered when assuming real life 

conditions. Hence, each of the mentioned parameters 

should be observed and specified in further studies. 
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