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Abstract: The aim of this paper is to estimate fin spacing and gas radiation effects on heat transfer in utility boiler economizers to achieve the highest feed water temperature, 
and the biggest amount of heat transferred from flue gases to economizer tubes. This study is carried out for five different cases including a bare tube economizer and four 
finned-tube economizers with different fin spacing values. A finite volume method is employed to discretize and solve the governing equations for all cases in 3D. As a result, 
for verification purpose, the present numerical result is compared to the experimental outputs and it shows that the average Nusselt number difference is 15%. The finned-
tube economizer with fin spacing value of 21mm absorbs the biggest amount of heat, and it has the highest outlet feed water temperature; therefore, it has the best thermal 
performance among the other cases. It is also concluded that radiation heat transfer mechanism has a minor effect on heat exchange in utility boiler economizers. 
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1 INTRODUCTION 
 

According to the energy crisis, analyzing and 
optimizing of energy systems are necessary to improve 
their performances. One of the important mechanical 
components in most power plants is economizer. 
Economizer is generally a type of heat exchanger which is 
used for preheating the boiler feed water before entering 
the steam drum. By providing such component and 
installing it, the low level energy is recovered from the flue 
gas before it is exhausted to the atmosphere and 
consequently, the amount of fuel consumed to provide 
steam in boilers is reduced as well. For each 22 °C that flue 
gas is cooled at by an economizer, the overall boiler 
efficiency increases by approximately 1% [1]. In order to 
increase heat transfer between the flue gas and the feed 
water, different types of extended surfaces called fins can 
be attached to economizer tubes. 

Mudafale et al. [2] studied an economizer in a 
tangential fired boiler numerically and the performance of 
the economizer was analyzed by using computational fluid 
dynamics methods. Obual Reddy et al. [3] carried out an 
analysis of economizer in two cases and found a 
considerable increment in heat transfer by attaching fins in 
one of the cases. The more amount of energy transferred to 
the feed water in that case was due to turbulent flow. 
Holkar et al. [4] conducted an investigation of gas flow 
behavior in economizer. It was indicated that pressure drop 
in a duct with straight vanes decreased by 50% in 
comparison with a duct without vanes. However, it was 
noticed that more pressure drop took place at a duct with 
curved vanes. Aziz et al. [5] modified overall heat transfer 
coefficient of an economizer by using genetic algorithm. 
For this purpose, logarithmic mean temperature difference 
(LMTD) between flue gas and feed water was calculated. 

Optimization of a low pressure economizer with 
serpentine pipes and square fins was carried out by Wang 
et al. [6]. Thermal, economic and safety performances were 
optimized with particle swarm optimization (PSO) 
algorithm and it was illustrated that the amount of fuel 
consumption and CO2 emission was reduced by using a 
low pressure economizer in a 600 MW coal-fired power 
plant. A thermodynamic investigation of a low pressure 
economizer also indicated that although the impact on the 
thermal system after the installation of a low pressure 
economizer is small, it cannot be neglected [7]. Patil et al. 
[8] optimized economizer size by reducing the number of 

tubes.  It was depicted that the required water temperature 
was obtained after the 19th row of economizer tube. There 
is a variety of optimization techniques such as the response 
surface and Taguchi Methods. These methods were 
employed to optimize fin spacing in a finned-tube heat 
exchanger under frosting conditions and the average heat 
transfer rate augmented significantly compared to the 
reference model [9]. 

Different types of finned-tube heat exchangers used in 
industries have been studied by many scientists [10-19]. 
These works include shape optimization, analytical and 
numerical analysis of finned-tube heat exchangers and tube 
banks. 

One of the aspects of the present study is to determine 
the effect of radiation heat transfer in comparison with 
convection heat transfer. This effect has been considered in 
a few studies in the literature and it is mostly assumed to 
be zero. Taler et al. [20] developed a new formula for 
estimating the radiation heat transfer coefficient in 
superheaters. It was shown that the maximum deviation 
between the results obtained by using this formula and 
CFD simulation is 12,5%. Moghari et al. [21] employed 
zonal method to assess thermal radiation behavior within a 
D-type water-cooled steam boiler. The estimation of 
radiation and convection heat transfer coefficients in 
different equipment in boilers, such as economizer, was 
obtained by using zonal method. 

The goal of the present study is to numerically 
investigate the effects of fin spacing and gas radiation on 
heat transfer rate and thermal performance of utility boiler 
economizers used in power plants. For this purpose, a 
numerical method is developed to discretize mass, 
momentum and energy conservation and thermal radiation 
equations. The impact of fin spacing is analyzed in 5 cases 
for the economizers with circular fins. The flow regime 
inside and outside of the tubes of economizer is turbulent. 
The temperature distributions and heat transfer coefficients 
are obtained for each case and the results are also compared 
with the existing outputs from the literature. 

 
2 GOVERNING EQUATIONS  

 
It is assumed that the flow in the economizer is steady 

and three dimensional. The governing equations are as 
follows: 
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Eq. (1), (2), (3) and (4) are mass conservation, 

momentum conservation, stress tensor and energy 
conservation respectively. In order to simulate turbulent 
flow either in tubes or in duct, a modified Navier-Stokes 
equation is used as follows: 
 

( ) ( )

( )2 ,
3

i i j
j

ji k
ij i j

i i j j k j

u u u
t x

uu up u u
x x x x x x

ρ ρ

µ δ ρ

∂ ∂
+ =

∂ ∂

  ∂∂ ∂∂ ∂ ∂ ′ ′ = − + + − + −  ∂ ∂ ∂ ∂ ∂ ∂   

            (5) 

 
Where: 
 

2 ,
3

i i
i j t t ij

j i

u u
u u k

x x
ρ µ ρ µ δ

   ∂ ∂′ ′− = − +    ∂ ∂  
          (6) 

 
Radiation Transport Equation (RTE) is used to 

determine the effect of radiation heat transfer in 
comparison with convection heat transfer. This equation is 
shown below: 
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Where: 
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Two combustion products that make the most 
contributions to the thermal radiation are H2O and CO2. 
Thus, the weighted sum of gray gas model (WSGG) has 
been served to make an accurate approximation of 
absorptivity and emissivity of these gases. Absorption and 
emissivity coefficients can be written as follows: 
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3 NUMERICAL PROCEDURE 
 

In order to discretize the equations above, a finite 
volume method has been developed in this study. As shown 
in Fig. 1a, economizer is located in stack where the flue 
gases go through (this cycle is described in much more 
details by Van Wylen et al. [22]). Fig. 1b illustrates a 3D 
schematic diagram of the designed finned-tube bundles of 
economizer with feed water headers located in a stack. A 
proper computational domain is considered for 
investigating the effects of fin spacing on heat transfer rate. 
Then, the whole space of specified domain is divided using 
a sufficiently fine grid. Finally, all the equations have been 
numerically solved for each computational domain in 
different cases. 

 

 
   (a)                 (b) 

Figure 1 Schematic diagram of (a) a steam power plant and the location of economizer [22] and (b) designed finned-tube bundles of economizer in a stack 
 

A schematic diagram of a designed finned-tube 
economizer is represented in Fig. 2. Five different cases 
including a bare tube economizer and four finned-tube 

economizers with different fin spacing are analyzed. Each 
case is considered as a heat exchanger with counter flow. 
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All the geometric parameters and dimensions of each case 
are represented in Tab. 1. 
 

Table 1 Geometric parameters and dimensions of utility boiler economizer for 
different cases 

 Case number 
I II III IV V 

Inside diameter of tubes, di (mm) 44,5 44,5 44,5 44,5 44,5 
Outside diameter of tubes, do (mm) 53,5 53,5 53,5 53,5 53,5 
Fin thickness, t - 3 3 3 3 
Fin height, h - 5 5 5 5 
Fin spacing, Sf - 15 18 21 24 
Number of tube rows, N 7 7 7 7 7 
Number of fins in each row 37 37 37 37 37 

 

 
Figure 2 Schematic diagram of a finned-tube econmizer 

 
4 VALIDATION OF THE PRESENT NUMERICAL METHOD 
 

For validation of current study, the results are 
compared with experimental results from the literature. 

Proposed correlations made by Babcock and Wilcox 
Company [1] to determine inside heat transfer coefficient 
in economizers are employed to validate the achieved 
results. These correlations are presented below: 
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where all the water properties are calculated at water film 
temperature: 
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Eq. (11) and (12) are recommended for fully 

developed turbulent flow and not fully developed turbulent 
flow respectively. 

Nusselt numbers vs. Reynolds numbers is plotted for 
both numerical method and experimental correlation in 
Fig. 3 which shows that the present numerical results are in 

a good agreement with the results of experimental 
correlation. The maximum difference between the results 
does not exceed ±20,0% and the average difference is 15% 
which is an acceptable difference for turbulent flow. 

 

 
Figure 3 Comparison of Nusselt numbers vs. Reynolds numbers with an 

experimental correlation 
 
5 RESULTS AND DISCUSSION 
 

The results of the numerical analysis are presented in 
this section. Water temperature distributions in 3 different 
tube rows are shown in Figs. 4 to 6. 

 

 
Figure 4 Water temperature distribution along the first tube row of economizers 

 

 
Figure 5 Water temperature distribution along the third tube row of economizers 
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Figure 6 Water temperature distribution along the last tube row of economizers 

 
Water temperature difference between bare tube 

economizer (case I) and finned-tube economizers (case II 
to V) along the first, the third and the last tube row are less 
than 0,2%, 2,0% and 4,0% respectively. Generally, the 
finned-tube economizer with fin spacing value of 21 mm 
has the most water temperature enhancement in all tube 
rows compared to the other cases. The finned-tube 
economizers with fin spacing value of 15 and 24 mm have 
approximately the same water temperature enhancement in 
all tube rows. The finned-tube economizer with fin spacing 
value of 18 mm has the lowest water temperature 
enhancement compared to the other finned-tube 
economizers. Inlet and outlet water temperatures are 
shown in Tab. 2 for all cases. 

 
Table 2 inlet and outlet water temperature for each case 

Case number I II III IV V 
Inlet water 

temperature (K) 527,0 527,0 527,0 527,0 527,0 

Outlet water 
temperature (K) 571,0 581,5 581,0 582,5 581,5 

 
Case IV has the highest outlet water temperature. By 

attaching circular fins to the tubes of economizers, outlet 
water temperature is increased up to 4,0%.  

 

 
Figure 7 Total heat flux on tube walls for all cases 

 
The total heat flux on tube walls is represented in Fig. 

7 for all cases. The finned-tube economizer with fin 
spacing value of 21mm (case IV) has the maximum heat 
flux as depicted in Fig. 7. Total heat flux is increased 

around 38,0% by attaching fins. The total heat flux 
difference between case II and V is around 0,1%. The total 
heat flux in case IV is raised by 2,5% and 1,3% compared 
to case III and case II, respectively. 

The total heat transfer rate is also represented in Fig. 8 
for all cases. This amount is increased around 40,0% by 
using fins. The tube walls of finned-tube economizer with 
fin spacing value of 21mm are received the biggest amount 
of heat transfer rate from hot flue gases. The total heat 
transfer rate difference between case V and case II is about 
0,2%. The total heat transfer rate in case IV is increased by 
2,5% and 0,8% compared to case III and case II 
respectively.  

According to the numerical results obtained from the 
present study, the finned-tube economizer with fin spacing 
value of 21mm has the most optimized results relatively. 

 

 
Figure 8 Total heat transfer rate for all cases 

 
In order to analyze gas radiation effect on heat transfer 

in economizers, radiation transfer equation is coupled with 
energy equation and solved for all cases. The amounts of 
radiation heat transfer and radiation heat flux are displayed 
for bare tube economizer and one of the cases of finned-
tube economizers in Figs. 9 to 12. 

 

 
Figure 9 Percentage of convection and radiation heat flux on tube walls of bare 

tube economizer  
 
The amount of radiation heat flux from the total heat 

flux is less than 3,0% for bare tube economizer as shown 
in Fig. 9. The amount of radiation heat transfer rate from 
the total heat transfer rate is also less than 3,0% for bare 
tube economizer as shown in Fig. 10. Figs. 11 and 12 show 
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the radiation and convection heat flux and heat transfer rate 
for finned-tube economizers. Finned-tube economizers 
with different fin spacing values (case II to case V) have 
nearly the same results in this section. As depicted in Figs. 
11 and 12 the dominant heat transfer mechanism is 
convection. Generally, gas radiation heat transfer 
contribution is less than 3,0% for all cases. Thus, 
convection has the most contribution in heat transfer for 
utility boiler economizers. 

 

 
Figure 10 Percentage of convection and radiation heat transfer rate of bare tube 

economizer 
 

 
Figure 11 Percentage of convection and radiation heat flux on tube walls of 

finned-tube economizer 
 

 
Figure 12 Percentage of convection and radiation heat transfer rate of finned-

tube economizer  
 

6 CONCLUSION 
 

A numerical procedure has been developed to study fin 
spacing and gas radiation impacts on heat transfer in utility 
boiler economizers. The remarkable conclusions are: 
• Validating the proposed numerical method was 

conducted through a comparison with experimental 

correlations and it was observed that the present 
numerical results are in a proper agreement with 
experimental results, Fig. 3. 

• By attaching circular fins to the tubes of economizers, 
the feed water temperature along the tube rows was 
increased up to 4,0% in comparison with bare tube 
economizer, Figs. 4 to 6. 

• The highest outlet water temperature was achieved by 
using the economizer with fin spacing value of 21mm 
(case IV), Tab. 2. 

• The total heat flux on tube walls and the total heat 
transfer rate was estimated for all cases and it was 
observed that the total heat flux and the total heat 
transfer rate increased up to 38,0% and 40,0% 
respectively by using circular fins, Figs. 7 and 8. 

• The finned-tube economizer with fin spacing value of 
21 mm (case IV) had the biggest amount of heat flux 
and heat transfer rate in comparison with the other 
cases. 

• Radiation heat transfer contribution was less than 3,0% 
for all cases. 

 
Nomenclature 
 
d Diameter (m) 
E Internal energy (J) 
F


 External body forces (N) 
g  Scceleration of gravity (m/s2) 
h Convective heat transfer coefficient (W/m2K) 
I Radiation intensity (W/sr) 

jJ


 Diffusion flux of species j (mol/m2s) 
k Thermal conductivity (W/m·K) 
L Characteristic length (m) 
n Refractive index 
Nu Nusselt number 
P Pressure (Pa) 
Pr Prandtl number 
r  Position vector 
Re Reynolds number 
s Path length 
s  Direction vector 
s '  Scattering direcion vector 
Sh Volumetric heat sources (W/kg) 
t Time (s) 
T Temperature (K) 
ui Velocity component in the x direction (m/s) 
uj Velocity component in the y direction (m/s) 
uk Velocity component in the z direction (m/s) 
v  Velocity vector (m/s) 
x Dimensional axial coordinate (m) 

           Greek symbols 
α absorptivity 
δij Kronecker delta 
ρ Density (kg/m3) 
σ Stefan-Boltzmann constant 5.669×10−8 (W/m2·k4) 
σs Scattering coefficient 
Ω' Solid angle (sr) 
ε Emissivity  
λ Wavelength 
μ Dynamic viscosity (Pas) 
φ Phase function  



Azad HAMZEHPOUR et al.: Effects of Fin Spacing and Gas Radiation on Heat Transfer in Utility Boiler Economizers 

 

Tehnički vjesnik 26, 6(2019), 1764-1770                                                                                                                                                                                                       1769 

           Subscripts 
eff Effective 
f Film 
g Gas  
i Input 
i Internal 
s Surface 
t Total 
w Wall 
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