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Abstract—In the present work an investigation of the effects of 

the air frontal velocity, relative humidity and dry air temperature on 
the heat transfer characteristics of plain finned tube evaporator has 
been conducted. Using an appropriate correlation for the air side heat 
transfer coefficient the temperature distribution along the fin surface 
was calculated using a dimensionless temperature distribution. For a 
constant relative humidity and bulb temperature, it is found that the 
temperature distribution decreases with increasing air frontal 
velocity. Apparently, it is attributed to the condensate water film 
flowing over the fin surface. When dry air temperature and face 
velocity are being kept constant, the temperature distribution 
decreases with the increase of inlet relative humidity. An increase in 
the inlet relative humidity is accompanied by a higher amount of 
moisture on the fin surface. This results in a higher amount of latent 
heat transfer which involves higher fin surface temperature. For the 
influence of dry air temperature, the results here show an increase in 
the dimensionless temperature parameter with a decrease in bulb 
temperature. Increasing bulb temperature leads to higher amount of 
sensible and latent heat transfer when other conditions remain 
constant. 
 

Keywords—Fin efficiency, heat and mass transfer, dehumidifying 
conditions, finned tube heat exchangers.  

I. INTRODUCTION 

IN performance is very important for accurate design of 
fin-and-tube heat exchangers. The main objective of fins is 

to increase the rate of heat transfer between the surface and 
surrounding air by increasing the surface area. In general, 
when the fin surface temperature is below the entering dew 
point temperature, combined heat and mass transfer occurs 
along the fin surface. A special situation is encountered when 
the partially wet conditions occurs. In this situation the fin 
base temperature is lower and the fin tip temperature is higher 
than the dew point temperature of the ambient air. During 
condensing conditions, the presence of condensate water and it 
interact with both fin surface and tube surface makes the study 
of heat transfer performance very complicated. With 
dehumidifying coil conditions, however, both moisture and 
sensible heat are removed from entering air. As a result, the 
change in fin efficiency becomes an important influential 
factor to determine coil performance. Elmahdy and Biggs [1] 
assumed that the difference between the specific humidity of 
saturated air at the fin surface temperature and that of the 
adjacent air is the potential for latent heat transfer.  
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Their results indicate that the fin efficiency decreases with 

increasing air relative humidity. An investigation in the 
Elmahdy and Biggs’  work was carried out by Kandlikar [2]. 
His results indicated that Elmahdy and Biggs’  numerical work 
is probably in error. He preferred, however, the Threlkeld 
model which is based on the enthalpy potential as driven force. 
Sharqawy and Zubair [3], [4] proposed a linear relationship 
between humidity ratio of air and the corresponding 
temperature over the range from the fin base to dew point 
temperatures. Kazeminejad [5] proposed theoretical method 
for analyzing the heat flow within finned surfaces under wet 
conditions. He obtained a numerical solution of the differential 
equation for rectangular fins using the concept of sensible to 
total heat ratio. The effects of bulb temperature, relative 
humidity and cold fluid temperature variations on the fin 
temperature distribution have been presented graphically and 
compared with those under dry conditions. Salah  e l-Din [6] 
assumed, also, that the humidity ratio of the saturated air on 
the wet fin surface varies linearly with the local fin 
temperature. His results were in consistent with the data of 
Kazeminejad [5].    
In this work an investigation of the effects of the bulb 
temperature, relative humidity and face velocity on the 
temperature distribution over a totally wet fin surface is carried 
out. 

II. MATHEMATICAL FORMULATION 

Under dehumidifying conditions, the heat transfer from 
moist air to a fin surface may be expressed as: 

( ) ( ) fgfsafmfafc iwwdAhTTdAhdq −+−=                      (1) 

Where, q “W” is the heat transfer rate, Ta “°C”  is the bulk air 
temperature, Tf “°C”  is the fin temperature, Af “m”  is the fin 
heat transfer area, ifg “Jkg-1”  is the enthalpy of vaporization 
evaluated at the fin surface temperature and, hc “Wm-2K-1”  and 
hm “kgm-2s-1”  are the heat and mass transfer coefficients, 
respectively. Using the Lewis analogy between heat and mass 
transfer, the precedent equation may be reduced to: 
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And,  
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Many attempts have been made to analyze the air-fin 
differential equation “(2)” . For instance, McQuiston and 
Parker [7] changed the temperature expressions into enthalpy 
driven equations. The final expression, with Le=1, was 
expressed as: 
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Here, ia “Jkg-1” is the enthalpy of the moist air in the free 
stream and if “Jkg-1” the enthalpy of the saturated air at the fin 
surface. To operate in enthalpy terms, Oliet et al [8] 
introduced a fictitious enthalpy in the aim of changing the 
temperature in the heat transfer equation into enthalpy 
expressions. 
By definition, the fin efficiency of fin-and-tube heat exchanger 
is the ratio between the actual heat transfer rate to the 
maximum heat transfer rate. However, the temperature 
distribution over the fin surface is required. From an energy 
balance on an element of straight fin with rectangular profile 
shown in fig. 1 the following differential equation of the 
temperature distribution can be derived:  
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Fig. 1 Schematic diagram of a rectangular fin 

 
In the above equation, the air specific humidity difference is 

a function of the local fin temperature. Elmahdy and Biggs [1], 
assumed a linear relation between wfs and Tf over a small 
temperature range. Therefore 

fff Tbaw +=                                                                   (6) 

The constants a and bf are to be determined from the 
psychrometric data for the range of water temperatures 
considered. Sharqawy and Zubair [4], proposed a linear 
relationship between wfs and Tf over the temperature range 
(Tb<Tf<Tdp) as follows: 

ffs Tbaw 22 +=                                                                 (7) 
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Subscripts, b and dp referred to base and dew point, 
respectively. 
Putting expression (7) into (5), the following equation may be 
obtained: 
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Where, t “m” is the fin thickness, kf “Wm-1K-1” is the fin 
thermal conductivity and 

fa TT −=θ                                                                      (11) 
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To obtain the temperature distribution over the fin surface, 
equation (10) can be solved by using these boundary 
conditions: 
Fin base:     at     0=X    

bab TT −=θ                                                                       (14) 

And at fin tip:     1=X                         
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Kazeminejad [5] developed a solution to the problem 
described by the non homogeneous second order differential 
equation (10) when only sensible heat transfer occurs. When 
dehumidification occurs he solved numerically this equation 
by combining the classical Runge-Kutta method and the 
Newton-Raphson iteration. 
Following to the work by Elmahdy and Biggs [1], the 
dimensionless fin surface temperature, 

fθ , is plotted against 

the dimensionless distance from the fin base, thus 
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f TT

TT

−
−

=θ                                                                   (16) 

L

x
X =                                                                             (17) 

In the above equations, the air side heat transfer coefficient 
under fully wet conditions, hc, can be calculated in terms of the 
non-dimensional Chilton-Colburn j-factor, given by 

3/2
max, Pr−= pmac cGjh                                                    (18) 

Where; Ga,max “kg m-2s-1” is the mass flux of the air based on 
the minimum flow area and Pr is the Prandtl number. 
The proposed correlation for coils operating under wet 
conditions is that from Wang et al [9]. 
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Here; Do “m” is the tube outside diameter, Fp “m” is the fin 
pitch, N is the number of tube rows, Re is the Reynolds 
number, Xl “m” is the longitudinal tube pitch and Xt “m” the 
transverse tube pitch. 

III.  RESULTS AND DISCUSSION 

The special features of the present work is to study the 
effect of the variations of dry air temperature, relative 
humidity and the face velocity on the fin surface temperature 
distribution under dehumidification. Via finite difference 
method the differential equation that describes the temperature 
distribution was solved. 
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The effect of the relative humidity variations on the fin 
temperature distribution for two values of air frontal velocity 
(ufr=0.5 m/s and ufr=4 m/s) is shown in fig. 2. Firstly, the 
curves with dehumidification lie below that of a dry condition 
for a constant air frontal velocity. As can be seen, the curves 
for ufr=4 m/s lie below that for ufr=0.5 m/s. This phenomenon 
is attributed to the presence of condensate water. With 
increasing air velocity, a larger amount of moisture flowing 
across the fin surface under the same value of relative 
humidity can be observed. As a result, the latent heat transfer 
enhancement owing to the flow of condensate water film 
becomes more prfound. On the other hand, higher amount of 
latent energy lead to a higher fin surface temperature. In 
addition, when only sensible heat transfer occurs the results 
shown in fi. 2 indicate that the temperature distribution with 
ufr=4 m/s is lower. The results here are associated with the 
higher heat transfer coefficients encountered in higher 
velocities.  
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Fig. 2 Effect of relative humidity on the fin temperature distribution 

 
Therefore, a larger heat transfer coefficient translates to a 

higher fin surface temperature. Thus, changing air velocity 
affects the temperature distribution even when the surface is 
dry. 

For a constant air frontal velocity and dry air temperature, 
fig. 2  show that as relative humidity is increased, the 
dimensionless temperature distribution is decreased. As 
relative humidity increased the number of droplets condensing 
on the fin surface becomes more profound. This results in 
higher amount of mass transfer and higher latent energy and by 
consequence higher fin surface temperature. As a result, lower 
curve is that for higher relative humidity value. 

Fig. 3 shows the effect of dry air temperature on the 
temperature distribution parameter. For a constant relative 
humidity, air velocity and fin base temperature, the amount of 
moisture increases with the increase in air temperature. In the 
other word, a higher air temperature translates to a larger 
amount of moisture content. These mean that the latent heat 
transfer contribution increases. 

Fig. 4 shows the distribution of the curve-fitted fin 
temperature for various relative humidity values. The results 
here are in consistent with those by Sharqawy and Zubair [4] 
and Kazeminejad [5]. Their results indicate that the fin 
temperature increases with increasing relative humidity when 
other conditions are being kept constant. 
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Fig. 3 Effect of dry bulb temperature on the temperature distribution 

 
This is due to the presence of condensate water along the fin 

surface which involves a larger amount of mass transfer. On 
the other hand, there is more droplets accumulation for higher 
relative humidity under the same conditions. However, the 
latent heat transfer contribution becomes a significant portion 
when dehumidification occurs. 
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Fig. 4 distribution of fin temperature 

 
Fig. 5 shows the effect of fin pitch on the wet fin 

temperature distribution. As can be seen, for a given air and fin 
base temperatures and inlet relative humidity, the 
dimensionless temperature distribution increases as the fin 
pitch increases. Apparently it is attributed to the presence of 
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condensate water on the fin surface. The condensate water is 
easier to adhere between fin surfaces when the fin pitch is 
small enough. Further increase of fin pitch would result in a 
lower heat transfer coefficient. Therefore, the temperature 
distribution curves increases as the fin pitch increases.  
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Fig. 5 Effect of fin pitch on the temperature distribution 

IV.  CONCLUSION 

In the present paper an investigation of the influence of dry 
bulb temperature, relative humidity and air face velocity on the 
temperature distribution of a fully wet fin of rectangular 
profile has been conducted. With increasing air face velocity 
lower curves were obtained. This is attributed to the 
condensate water film flowing along the fin surface and to the 
heat transfer coefficients encountered at higher velocity. Thus, 
the temperature distribution can be affected by the air velocity 
even when the surface is dry. For the influence of relative 
humidity, the results here show a decrease in fin temperature 
parameter with the rise of relative humidity indicating that the 
latent heat transfer is a very significant portion under 
condensing conditions. The fin temperature distribution 
decreases with increasing dry temperature. The latent and 
sensible heat transfer increase as the air temperature increases. 
In addition, it is found that the temperature distribution curves 
increase with increasing fin pitch. This is because the 
condensate adhered phenomena. 
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