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Abstract 
  
The augmentation of convective heat transfer in a single-phase turbulent flow by using corrugated tubes type has 
been experimentally investigated. The effect of pitch (15, 7.5 and 3.75 mm) of corrugated tube and the volumetric 
flow rate on the heat transfer coefficient are examined. Cold and hot water are used as working fluids in the shell and 
tube side, respectively. Experiments are performed under conditions of mass flow rates 0.1075 kg/s for cold water 
and from 0.016 to 0.065 kg/s for hot water, respectively. The inlet cold and hot water temperatures are 40oC and 
70oC, respectively. The results obtained from the outside corrugated tubes type are compared with the smooth tubes 
heat exchanger. It is found that the corrugated tubes have a significant effect on the heat transfer augmentations. 
The more efficient heat transfer rate is obtained at pitch length 3.75mm which is equal to 30.25% . While, for pitch 
7.5 and 15mm will be 23.25 % and 15.8 % respectively. A correlation for coagulated type aluminum tube with 
enhancement depth 0.5mm are derived. The proposed correlation related the effect of pitch dimensions with the 
required outlet temperature of the water, it can calculate the heat transfer coefficient and it compared with sixteen 
experimental data points and very good agreement is obtained. The proposed correlations can predict the 
experimental data with average relative error of 7 %when compared with the experimental heat transfer coefficient. 
Simplification is made on the proposed correlation which make it more easy to apply with very reasonable accuracy 
when compared with experimental data point which is reduced to 9% only. The proposed correlation is derived based 
on four experimental data points but it applied on sixteen data point with very good accuracy. Another approach for 
calculating the heat transfer coefficient for enhanced tube heat exchanger was tried. The equation for calculating Nu 
is modified to suite the condition of enhanced tube type heat exchanger. The modified relation related to pitch 
dimensions data which gives very good agreement with average relative error of 17.23 % when compared with the 
experimental data. Another improvement on heat transfer rate in a single-phase turbulent flow by adding helical 
baffles in the shell side around the tube at 3.75mm enhancement since this enhancement gives the more efficient heat 
exchange between the shell and tube side. The introduction of helical baffles in the shell side (case 5) increase the 
heat transfer rate. The results show that increment in heat transfer by using a helical baffle over the smooth tube 

heat exchanger )case 1) is about 39% and 13% higher than the (case 4) of without using the helical baffles. 
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1. Introduction 
 

1 Heat exchangers are devices that facilitate the 
exchange of heat between two fluids that are at 
different temperatures while keeping them from 
mixing with each other. Heat exchangers are used in 
practice in a wide range of applications, from heating 
and air-conditioning systems in a household, to 
chemical processing and power production in large 
plants (Yunus, 2004). 

Energy-and materials-saving considerations, as well 
as economic incentives, have led to efforts to produce 
more efficient heat exchanger equipment. 
Improvement of the heat transfer process is desired in 
                                                           
*Corresponding author: AliaaHussain 

heat exchangers to enable reductions in weight and 
size, to increase the heat transfer rate or to diminish 
the mean temperature difference between the fluids 
and thus to improve the overall process efficiency. The 
study of improved heat transfer performance is 
referred to as heat transfer enhancement, 
augmentation, or intensification. 
 Enhancement techniques can be classified either as 

passive methods which require no direct application of 

external power, or as active methods, which require 

external power. The effectiveness of both type of 

techniques is strongly dependent on the mode of heat 

transfer, which may range from single-phase free 

convection to dispersed-flow film boiling (Chhabra, 

2010). 
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Fig.1 Schematic diagram of the experimental apparatus 

 

Enhanced heat transfer surface or enhanced tube is a 

type of the passive technique for enhancing the 

thermal performance of the heat exchangers with a few 

increase of the friction penalty. 
 Normally, they are classified into four different 
varieties: the corrugated tube, ribbed tube, grooved 
tube, and fluted tube. They have stated to use instead 
of the plain tubes for designing of the heat exchangers. 
Corrugated tube is one of the important enhanced tube 
in many engineering applications, for example, for heat 
exchanger, food industry, paint production, navel and 
pharmaceuticals. The overall heat-transfer coefficient 
has been remarkably improved because of the 
turbulent flow effect on the inner surface and outer 
surface of the  tube caused by the corrugation 

(Laohalertdecha,et al,2012). 
 The main contribution of the present work is to 
investigate the effect of the modified surface (helically 
corrugated)of the tube on the heat transfer 
enhancement and Compare the performance of heat 
exchanger for different types of enhancement on the 
tube side, Also, this investigation searches to define the 
relation between pitch spacing and the heat transfer 
coefficient, quantified by Nusselt number and 
investigate the effect of adding baffles in the shell side 
of an heat exchanger on the heat transfer  rate. 
 

2. Experimental apparatus and method 
 

The test section consisted of two circular tubes; the 
inner tube (smooth tube or corrugated tube) for the 
hot water flow and the outer tube (smooth tube only) 
for the cold water flow with the length of 2000 mm. the 
hot water flow rate was increased, while the cold water 
flow rate is selected to be constant at 0.1075 kg/s (6.5 
liter/min.).The test section and the connections of the 

piping system are designed such that parts can be 
changed or repaired easily as possible. Four mercury 
thermometers were installed at the inlets and outlets 
of the test section and two calibrated rotameters were 
employed to measure the water volumetric flow rate. 
The inlet hot and cold water temperatures were 
adjusted to achieve the desired levels by using heaters 
controlled by thermostats. Inlet cold water and hot 
water temperature were kept constant at 40 °C and 76 
°C, respectively. Data collection was accomplished 
using a data acquisition system (DataTaker, BTM-
4208SD). 
 A schematic and photographic diagram of the 
experimental apparatus is shown in Figs (1 and 2) 

respectively. 
 

 
 

Fig. 2 shell and tube heat exchanger  
 
The inner tube was made of the Aluminum with inner 
diameter of (11mm). While the annulus (smooth tube) 
was made from Perspex with inner diameter of (76 
mm).corrugated tube was fabricated by using a lathe 
machine. One of the ends of the tube remains fixed 
while the other part is moving slowly, Rolling smooth 
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wheel was scratching on the outer surface of tube to 
form the corrugation. 
 Three different pitches (p= 15, 7.5, 3.75 mm) and 
constant depth (e = 0.5mm) were employed on the 
external surface of the tube as shown in Fig.3. 
p 

 

 
P=15 mm 

 
P=7.5mm 

 
p=3.75mm 

Fig. 3corrugated tube with its geometries used in this 

work. 
A helical baffles were installed in the shell side around 
the heat exchanger tube. Depending on the inner 
diameter of the shell, an Aluminum discs were 
prepared with (10 cm) outer diameter and (5cm) inner 
diameter. All discs undergo cutting line by a cutting 
tool from outside edge circle to the inside edge of the 
inside circle. Slightly bending the cutting edge from the 
inside center as shown in Fig. 4(a).  
 Connecting the ends of each disc with the other disc 
end by using welding Bullets techniques. Helical shape 
of continues discs are obtained as shown in Fig. 4(b). 
 

  
(a)                                  (b) 

 
Fig. 4  (a) Shaping of baffles before welding (b) 

Continues helical baffles shap. 
 
3. Data reduction 
 

The data reduction of the measured results is 
summarized in the following procedures: 
 

Heat transferred to the cold water in the annulus tube, 
Qw,c, can be calculated from 
   

Qw,c=mw,cCp,w(Tw,c,out–Tw,c,in)                                                (1) 
 

 

Where 
mw,c  is the mass flow rate of cold water. 
C p,wis the specific heat of water. 
Tw,c,inand Tw,c,outare the inlet and outlet cold water 
temperatures, respectively. 
  
Heat transferred from the hot water, Qw,h, can be 
calculated from 
 

Qw,h=mw,h Cp,w(Tw,h,in−Tw,h,out)                                              (2) 

 

Where mw,h is the hot water mass flow rate. 
Tw,h,in and Tw,h,out are the inlet and outlet hot water 
temperatures, respectively. 
 
Theoretically the heat supplied by the hot fluid is equal 
to the heat gained by the cold fluid. But the heat 
supplied by the hot fluid inside the test tube section is 
found to be 1.1% to 6.0% higher than the heat 
absorbed by the cold fluid for thermal equilibrium due 
to convection and radiation heat losses from the test 
section to surroundings. Thus, the average value of 
heat transfer rate, supplied and absorbed by both 
fluids, is taken for internal convective heat transfer 
coefficient calculation by the following form (Pethkool, 
et al, 2011): 
 

    
           

 
                   (3) 

 

 

The Reynolds number is based on the flow rate at the 
inlet of the test section. 
 

        
 

                                                                                   (4) 
 

Where µ is the dynamic viscosity of the working fluid 
 

  

Dittus and Boelter recommended the following 
correlation (John, 2004). 
 

Nu = 0.023 Re0.8  Prn                  (5) 
 

Where n = 0.4 for heating and 0.3 for cooling of the 
fluid flowing through the tube. 
The overall heat transfer coefficient (Uo) based on 
outer surface area of inner tube is: 
 

Qave = U AoΔTLMTD             (6) 
 

Where  
 

Ao=π Do L                                                                               (7) 
 

 

Log mean temperature difference (LMTD) is given as 
 

             

          ⁄
                                                                (8) 

 
Where    ΔT1 = Thi– Tco 

ΔT2 = Tho -Tci 
 

Heat transfer coefficient (ho) is determined from the 
overall heat transfer coefficient as shown below, 
 

 

  
  

    
  

    
    

    
     (     )

      
  

    
                      (9) 

 

Where  
Ai is an inside surface area.  
Kt is the thermal conductivity of the tube.  
Ao is an outside surface area. 
 
The friction factor for the tube can be calculated from 
the approximate blasius equation [Webb,2005] 

 
                  when       Re < 50,000              (10) 
 

For rough surface, the friction factor in fully developed 
turbulent flow depends on the Reynolds number and 

e 



Vinous M. Hameed et al                                         Investigation of Heat Transfer on Smooth and Enhanced Tube in Heat Exchanger 

 

2095| International Journal of Current Engineering and Technology, Vol.5, No.3 (June 2015) 

 

the relative roughness e/d. An approximate explicit 
relation for f  is given by (Haaland, 1983). 
 

 

√ 
        [

   

  
 (

  ⁄

   
)
    

]                                           (11) 

 
 

4. Results and Discussion 

4.1 Heat Transfer Calculation 

To optimize the design of heat exchanger different 
types of modifications were applied. The maximum 
heat transfer rate is a required and important object 
for more applicable, economical and efficient heat 
exchanger. The following studies were examined and 
compared: 
 

4.1.1Heat Transfer in a Smooth Type Heat Exchanger 
 

 
The cold water flow rate (shell side) is selected to 
remain constant at flow rate 0.1075 kg/s where no 
effect of increasing cold water flow rates on the outlet 
temperature and on the other hand increase the 
operation load on the fluid pump. 
 So, Based on optimize conditions depending on 
temperature difference caused by changing mass flow 
rate and load applied on the pump 0.1075kg/s is 
selected as a best choice through the heat exchanger 
operation.  
 Table (1) gives the experimental data of the outlet 
cold water temperature for different hot water mass 
flow rate. 
 

Table 1 Experimental outlet cold water temperature 
data 
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0.0163 42 42.3 42.7 44.3 

0.0326 42.8 43.1 43.2 45.3 

0.0489 43.1 43.6 43.8 45.5 

0.0652 43.4 43.8 44.3 45.8 

 
Sixteen runs are applied on (case1) smooth tube heat 

exchanger for different hot water mass flow rates and 

Reynolds number as will be shown in the following 

figure. Also, Fig.5 shows the variation of the outlet 

temperature of cold water with hot water mass flow 

rate for smooth tube heat exchanger. The inlet cold and 

hot water temperatures are kept constant at 40°C and 

76°C respectively, 

 The outlet cold water temperature increases with 
increasing hot water mass flow rate. Also, this Figure 
shows the effect of cold water mass flow rate on the 
outlet cold water temperature. It can be clearly seen 
from the figure that the outlet cold water temperature 
at the same hot water mass flow rate is decreases with 
increasing cold water mass flow rate. 

 
Fig. 5Variation of outlet cold water temperature with 

hot water mass flow rate 
 

The variation of Nusselt number outside the smooth 
tube with Reynolds number is shown in Fig. 6. It shows 
Nusselt numbers considerably increase with increasing 
Reynolds number.  
 The improvement of heat transfer coefficient with 
increasing Reynolds number is reasonable by a 
decreasing of thermal boundary thickness due to the 
promoted turbulent intensity. 
 

 
 
 

Fig. 6 Nusselt number versus Reynolds number for 
smooth tube heat exchanger 

 
 

4.1.2 Heat Transfer in enhanced Type heat exchanger 

 
An enhancement on the outside surface of the tube 
heat exchanger are applied. This type of enhancement 
are covered by cases (2, 3, and 4). The following figure 
shows the relationship between the Nusselt and 
Reynolds number of the corrugated tubes with various 
pitch (P =15, 7.5 and 3.75 mm) respectively compared 
with the smooth tube heat exchanger as in (case 1). 
 

 The corrugated tubes provide higher Nusselt 
numbers than the smooth  tube.  
 

 The enhancement tends to increase and improve 
the Nusselt number value from 22.4% to 40.4% 
depending on the pitch (p) length used. Twelve 
experimental runs are applied for surface enhanced 
tube (four runs for each pitch length or case).  
 

 In the case of the corrugated tube with the lowest  
pitch, (case 4) p =3.75 mm, the average increment in 
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Nusselt number is about 40.4% over the smooth tube 
heat exchanger and higher than P =15 and 7.5 mm 
which have 23.15% and 11.7% values, respectively. It 
is interesting to note that Nusselt  number increases 
with decreasing  the  pitch value.  
 

 The improvement in heat transfer coefficient due to 
decrease the pitch length which increase the surface 
roughness of the tube resulting in destroying the 
boundaries laminar sub layer which coated the tube. 
The increasing of turbulence cause a better heat 
transfer between the tube wall and water .These 
factors cause a higher values of heat transfer 
coefficient and as a result higher Nusselt number 
values. The high Nusselt number values effect on 
reducing the size and dimensions of heat exchanger 
and as a result reduce the cost of construction of heat 
exchanger. 
 

 
Fig. 7 Variation of Nusselt number ratios with 

Reynolds number for different pitch length 
 

4.2 Friction Factor Results 
 

It is an important calculated factor effective on heat 
transfer rate. The objective for increasing the heat 
transfer rate is by increasing the friction factor of the 
tube. The friction factor is calculated for all the cases 
covered by this work as follows: 
 
4.2.1 Friction Factor in a Smooth Type Heat Exchanger 
 

The variation of the friction factor with Reynolds 
number for smooth tube heat exchanger is shown in 
Fig.8.  
 

 
Fig.8 Friction factor versus Reynolds number for 

smooth tube heat exchanger 

The figure shows a friction factors decreasing of with 
Reynolds number increment. A linear relationship 
between a friction factor and the fluid velocity can be 
observed which is confirmed with literatures. 
 
4.2.2 Friction Factor in Enhanced Type Heat Exchanger 
 

 
Effect of the pitch ratio of the corrugated tube on the 
friction factor characteristics at various Reynolds 
numbers is shown in Fig.8. The friction factor (or 
pressure drop) in the corrugated tube gradually 
decreases with increasing pitch length. 
 The friction factors obtained from the tube with 
lower pitch are significantly higher than those with 
higher pitch. Where the main purpose of the 
enhancement is to increase surface roughness, so by 
increasing enhancement the friction factor is increased 
as shown in Fig. 9. 
 
                           

 

 
Fig.9 Variation of friction factors with pitch length 

 

4.3. Correlations 
 

 
A new relation is predicted which relate the heat 
transfer coefficient in a corrugated tube for single 
phase turbulent flow with different pitch length ( P = 
15, 7.5 and 3.75 mm) and depth (e= 0.5 mm) 
depending on the required temperature difference of 
the inlet and outlet tube water temperature. 

 
ho = 1760. 3635 (p) -0.1218 ΔT 0.2613 (p)-0.0389          (12) 
 
Comparisons between the experimental heat transfer 
coefficient with those calculated from the proposed 
correlations are shown in Fig. 10. As can be seen in the 
Fig. 10 that the data obtained from the correlations 
more than 92.63% of are consistent with the 
experimental data and fall within 7.37%. 
 The proposed correlation gives very good 
agreement with the experimental data points. The 
proposed correlation can be applied on design a heat 
exchanger depending on the required heat transfer 
coefficient and required outlet water temperature. 
 This equation is derived from four experimental 
data points while it applied on 16 experimental data 
points with very good accuracy. Beside the accurate 
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prediction of heat transfer coefficient for the equation 
it can be applied on smooth and enhanced tube with 
very good agreement with the experimental heat 
transfer coefficient. The only limitations for this 
equation may be the effect of changing the type of fluid.  
This equation is derived from four experimental data 
points while it applied on 12 experimental data points 
with very good accuracy. The only limitations for this 
equation may be the effect of changing the type of fluid. 
 

 In order to make more easier in application and less 
number of constant within the equation. Equation (12) 
is simplified in more easier form which made the 
proposed correlation very easy to apply with very 
reasonable accuracy when compared with 
experimental data point which is now reduced to 9% 
only when applied on 12 data points.  The new 
simplified form shown in the following equation: 
 
h0= 1760.365 (p) – 0.1218 ΔT – 0.3 (13) 

 

The equation for calculating Nusselt number is 
modified to suite the condition of enhanced tube type 
heat exchanger. The modified relation related to pitch 
dimensions data. The Nusselt number equation are 
proposed to have  following forms 
 

                    ( 

 
)
 

    (14) 
 

This proposed correlation take under consideration 
the effect of pitch dimension on originally used 
equation for smooth type where the factor (p/e)n 

introduced. Where (n) is now calculated according to 
the following numerical equation:  

 

                    (15) 
 

Comparisons between the experimental heat transfer 
coefficient with those calculated from the proposed 
correlations are shown in Fig. 10.As may be seen, the 
majority of the data falls within 17.23% of the 
proposed correlation. 

 

 For comparison the experimental heat transfer 
coefficient with heat transfer coefficient calculated by 
the proposed correlation of equations (12, 13 and 14 ) 
the following  figure is obtained. 
 

 
Fig.10 Comparison between the measured and 

predicted heat transfer coefficient by eq. (12, 13 and 
14) 

4.4 Effect of the external helical enhancement 
 

 
Another type improvement on heat transfer rate is 

applied by adding helical baffles in the shell side 

around the tube of the enhanced heat exchanger. 

 In order to obtain the maximum design 

performance heat exchange; case 4 is selected as the 

best starting point for more improvement. 

 The required calculating number of used baffles is 

31 but really the used number of baffles are 33 baffles. 

 The increment in baffles number due to the 

uncalculating distance required for the welding space, 

also the roughness caused by the enhancement 

straggled the dragging the helical baffle tape through 

the heat exchanger and finally the experimental error 

associated with ideal position of the tube in the center 

of the shell through the whole length of the enhanced 

heat exchanger.  

 Comparison between the average heat transfer 

rate of the (case 5) Helixchanger (helical baffles heat 

exchanger) and (case 4) which is the same specification 

just the baffles with tube side Reynolds number is 

shown in Fig .11. As can be seen in the figure that the 

helical baffle in shell side heat exchanger (case 5) 

provide higher heat transfer rate than the (case 4) and 

the average increment in heat transfer rate is (13%) 

higher than the (case 4). 

 

 
 

Fig, 11 Comparison of the average heat transfer rate 
between the case (4 and 5) 

 
To evaluate the performance of the heat exchanger, Fig. 

12 shows the relation of the heat transfer effectiveness 

with tube side Reynolds number,  It is found from the 

figure that the effectiveness  tends  to decrease with 

increasing Reynolds number and the Case 5 provide 

effectiveness  higher than the  case 4  since the  

effectiveness depends on  average  heat transfer  rate. 
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Fig. 12 Variation of heat exchanger effectiveness with 
Reynolds number between the case ( 4 and 5 ) 

 
Conclusion 
 
The main conclusions resulting from present study can 
be summarized in the following points:  
 
1. The outlet cold water temperature increases with 

increasing hot water mass flow rate. Where no 

effect of increasing cold water flow rates on the 

outlet temperature and on the other hand increase 

the operation load on the fluid pump since the 

shell side of the heat exchanger is large in diameter 

compared with the tube side diameter. 

2. The corrugated tubes provide higher Nusselt 

numbers than the smooth tube. In the lowest pitch 

(p=3.75mm), the average increment in Nusselt 

number is about 40.4% over the smooth tube heat 

exchanger and higher than P =15 and 7.5 mm 

which have 23.15% and 11.7% values, 

respectively. 

3. The friction factors decreasing of with Reynolds 

number increment and the friction factor in the 

corrugated tube gradually decreases with 

increasing pitch length. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. New correlations of heat transfer coefficient for 
smooth and enhanced tubes have been proposed. 
The proposed correlation of heat transfer 
coefficient related the effect of pitch dimensions 
with the required outlet temperature of the water 
with very good agreement 7% when compared 
with the data. Simplification is made on the 
proposed correlation which makes it easier to 
apply with very reasonable accuracy when 
compared with experimental data point which is 
9% only. 

5. The correlation of Nusselt number is modified to 
suite for enhanced tubes type heat exchanger type. 
The modified relation related to pitch dimensions 
data which gives very good agreement with 
average relative error of 17.23 % when compared 
with the experimental data. 

6. Adding of helical baffles in shell side heat 
exchanger provide higher heat transfer rate than 
other done cases in this study. The increment in 
heat transfer rate by using a helical baffle over the 
smooth tube heat exchanger is about 39% .while it 
is about 13% higher than the case of without using 
the helical baffles (case 4). 

7. The addition of helical baffles will decrease the 
entrance effect length on the flowing fluid which 
causes a better heat transfer in heat exchanger. 
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