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Abstract 
This study focuses on the enhancement of heat transfer performance and friction loss in concentric tube heat 

exchangers. The flow in a circular tube annulus is disturbed by employing three techniques: dimple surface, wired 
coil and ring. The flow directions have been arranged in counter flow and the water flow rate of the annulus tube 
varies from 16.-4.8 L/min. Reynolds number of water flowing through the outer tube is varied from 900 to 3,000. 
Dimple arrangement on the tube surface are primarily investigated by using a numerical modeling to determine the 
most suitable patterns. The achieved dimple arrangements, wired coil and ring are employed in the concentric tube 
heat exchangers. Water flow rate, water temperature and pressure at the inlet and outlet of both hot and cold water 
circuits were measured. The heat transfer performance and friction factor of each techniques were investigated to 
compare with a smooth tube. The experimental results revealed that the dimple tube, wired coil and ring techniques 
provide better performances consequently comparing to the smooth tube. Nusselt number ratio of dimple tubes for 
both inline and staggered arrangement increase about 1.05-1.64 times the value on smooth tube, rings techniques 
shows the Nusselt number ratio increasing about 2.78-3.44 times, while the wired coil technique reveals the 
increasing ratio of about 3.72-4.82 times compare to the smooth tube. The friction factor of both dimple 
arrangements show a lower value than that of the smooth tube about 0.73-1.0 times. Considering rings technique, 
the friction factor increases about 3.78-4.76 times whereas the wired coil gives quite high number at 56.2-64.9 
times. Regarding the effectiveness, ring technique yields a higher friction factor than other techniques at similar 
Reynolds number. 

Keywords: Concentric tube heat exchanger, dimpled tube, wired coil tube, periodic ring tube.  

1. Introduction 

 Heat exchanger is a crucial element and used in 
many engineering applications. The heat exchange 
process occurs between two fluids with different 
temperature and separated by a solid wall. The 
concentric tube is a simple heat exchanger which the 
hot and cold fluids move in the same or opposite 
directions. There are many heat transfer enhancement 
techniques. The conventional methods such as fins, 
baffles, turbulizers and etc., increase either the heat 
exchange surface area or create turbulence flow or 
both. Although these techniques result in the heat 
transfer improvement, pressure loss is also an 
inevitable effect. Another approach to modify the heat 
transfer area, dimple surface is a notable technique to 
augment the heat transfer rate without the significant 
pressure drops. 
 Recently, many researchers reported the benefits 
of dimples or concave surfaces on heat transfer 
performance. Chudnovsky and Kozlov [1] and 
Afansayev et al. [2] stated that the dimples surface 
increased the heat transfer rate of around 30-40% 
without the significant pressure losses. Chyu et al. [3] 
and Mahmood et al. [4] revealed vortex flow above the 
dimpled flat surface which leading to the heat transfer 
augmentation. The dimple generates vortex flow 
within its hole and Katkhaw et al. [5] studied the 
effects of dimple arrangement surfaces on heat transfer 
characteristic. They showed that the highest heat 

transfer rate can be achieved on an appropriate 
staggered arrangement. 
 Concentric tube heat exchanger is used in a wide 
range of engineering applications. There are several 
techniques to augment the heat transfer such as 
internal corrugated tube, inserted strip, finned double 
pipe and etc. Han et al. [6] presented the novel shape 
of corrugated pipe that exhibited 8-18% overall heat 
transfer coefficient higher than the conventional 
smooth pipe. Iqbal et al. [7] and Cavazzuti et al. [8] 
investigated the optimal fin shape in finned double 
pipe. They reported that the optimal shape yields the 
higher Nusselt number up to 59-312%. Pholboorn [9] 
revealed the heat transfer performance enhancement in 
circular tube using wired coils, turbulators and ring. 
The results showed that the conical cut-out turbulators 
with internal fins provided the maximum heat transfer 
performance of 2.4 times of that without fins. Sripa 
and Thianpong [10] investigated the effect of heat 
transfer rates and friction loss of a counter flow 
concentric tube heat exchanger. They reported that the 
heat transfer rate can be increased by using internal 
dimpled tube. However, the dimples caused the 
increase in frictions loss. Wang et al. [11] examined 
the influence of the tube with novel ellipsoidal dimples 
on heat transfer enhancement. The results indicated 
that the Nusselt number and friction factor of dimpled 
tube increased around 38.6–175.1% and 26.9–75%, 
respectively. 
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Nomenclature 
   A  heat transfer surface area, m2 

   Cp specific heat of the fluid, J/kg.K 
   D  diameter of outer tube, m 
   d diameter of inner tube, m 
   eff effectiveness 
   f friction factor 
   h heat transfer coefficient, W/m2.K 
   k  thermal conductivity, W/m2.K 
   L  length of concentric tube, m 
   m  mass flow rate, kg/s 
   Nu Nusselt number 
   Pr  Prandtl number 
   Q  heat transfer rate, W 
   Re  Reynolds number 
   T  temperature, K 
   u  fluid mean velocity, m/s 
   U  overall heat transfer coefficient, W/m2.K 
 
 
 According to the literatures, the results indicated 
the superior performance of dimple surface and dimple 
tube. However, they only studied the enhanced heat 
transfer for internal flow of inner tube. The heat 
transfer enhancement techniques in the outer flow has 
not been reported yet. In some application such as 
waste heat recovery system and recuperator, the 
internal surface of the inner tube cannot be modified. 
Heat transfer enhancement on the external surface is 
an option. Therefore, the objective of this study is to 
find the heat transfer enhancement techniques for 
annulus flow tube by employing dimple tube, wired 
coil and rings. 
  

2. Experimental Preparation 

2.1 Primary simulation 
 The dimple arrangement on the tube surface was 
initially study by numerical simulation. The stagger 
and inline patterns and dimple pitch are simulated to 
find the superior enhanced heat transfer. Fig. 1 shows 
the tube with dimple employed. The problem under 
consideration is the heat transfer of water flow in tube 
annulus. Conditions for the simulation are as 
following; 

• Flow rate through the annulus is kept constant 
at 3 L/min. 

• Water inlet temperature is 350 K and the 
outer surface of the inner tube is 300 K. 

• The heat exchanger is fully insulated. 
• The water flow rate is assumed to be steady 

in three-dimensional domain. 

 Dimples are employed in an inline and staggered 
array where the dimple depth is 1.2 mm and dimple 
pitch is varied as shown in table 1. 

 
 

 

LMTΔ  logarithmic mean temperature difference, K 

PΔ   pressure drop, Pa 

Greek symbols 
    kinematic viscosity, m2/s 
         fluid density, kg/m3 

Subscripts 
  0  smoot tube  
  a  augmented technique 
  avg average 
  c  cold water 
  Dh hydraulic diameter 
  di  inside diameter 
  h  hot water 
  i  inside 
  o   outside 

 

 
(a) dimple tube with inline arrangment. 

 
(b) dimple tube with staggered arrangment. 

Fig. 1 Details of dimple tube. All dimensions are in mm. 

Table. 1 Geometric dimension of dimple arrangement 
No Arrangement ST (mm) SL (mm) 

1 Staggered 36o 8 

2 Staggered 36o 12 

3 Staggered 36o 16 

4 Inline 26o 5 

5 Inline 26o 7 

6 Inline 26o 9 

 The k- model is applied as the turbulence model 
for all numerical predictions. Fig. 2 shows sectional 
view of the computational domain. The smoot tube is 
firstly simulated to find the Nusselt number (Nu0) of 
the annulus flow for validating the model. According 
to the numerical results, the deviation of the Nusselt 
number is about 13% compare with Kay and Perkins 
[12]. 
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Fig. 2 Computational domain of a dimple tube. 
 
 As the simulation completed, the heat transfer 
coefficients of annulus flow are obtained. The heat 
transfer coefficients ratio is accomplished as presented 
in table 2. 

Table. 2 Heat transfer coefficient ratio of the annulus 
flow for each test samples. 

No Arrangement 
SL 

(mm) 
ha/h0 

1 Staggered 8 1.94 

2 Staggered 12 1.45 

3 Staggered 16 1.21 

4 Inline 5 2.05 

5 Inline 7 1.74 

6 Inline 9 1.23 
 

 From table 2, the heat transfer coefficients ratio 
decrease as the SL increase. As the enhanced heat 
transfer of the staggered and inline arrangement is 
comparable, the dimples on inner tube are created 
according to both geometries. 

2.2 Experimental setup 
 Schematic diagram of the experimental apparatus 
is presented in Fig. 3. The flow of fluid consists of two 
circuits, hot and cold, separately. Cold water flows 
through the annulus tube and drain to a reservoir. Hot 
water is pumped through the inner tube in a closed 
loop. A hot water bath is installed in the loop to heat 
water. Hot water temperature is maintained at 80oC by 
means of electronic thermostat. The outer tube is 
insulated by closed cell insulation in order to minimize 
the heat loss. 
 The inlet and outlet temperature of the hot and 
cold water are measured by type T thermocouples. All 
of thermocouples have been calibrated to 0.5oC. 
Water flow rate of both stream are measured by 
rotameter with a precision of 0.32 L/min. The U-type 
manometer with 5 Pa accuracy is also used to 
measure pressure different between water inlet and 
outlet across the test section. The conditions for this 
experiment are as the followings; 

• Hot water flow rate at the inner tube is kept 
constant at a constant flow rate of 3 L/min. 

• Cold water flow rate in the annulus tube side 
rage from 1.6-4.8 L/min. 

• Hot water inlet is kept constant at 80 oC. 
 
 

 
Fig. 3 Schematic diagram of the experimental setup. 

2.3 Experimental tube 
 In the tested section, the flow in the annulus tube 
is disturbed by four configurations: staggered-dimple 
tube, inline-dimple tube, wired coil and rings. The 
concentric tube is made from steel pipe with nominal 
diameter of inner tube and outer tube at 1/2 inch and 1 
inch, respectively. The inner tube thickness is 2.8 mm 
and the concentric tube length is 1000 mm.  
 Fig. 4 illustrates dimples on the inner tube. The 
arrangement of the inline and staggered dimples has 
been made according to the previous simulation. The 
dimples are created by drilling with 1.2 mm deep and 
4 mm diameter.  

 
(a) dimple tube with inline arrangment. 

 
(b) dimple tube with stagger arrangment. 
Fig. 4 Photograph of the dimple tubes. 

 
 Regarding Pholboorn’s study [9], the superior 
enhanced results of heat transfer performance by using 
rings and wired coil for flow inside tube was reported. 
The results show that 1 mm-pitch of wired coil 
provided the best heat transfer performance. For 
initially experiment, those techniques were employed 
in the annulus tube to study the enhanced heat transfer 
performance. Fig. 5 presents the rings and wired coil 
winding around the inner tube. Wire diameter in Fig. 
5(a) is 1 mm and the ring pitch is 20 mm. The ring 
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height is about one-third of the channel height. In Fig. 
5(b), the diameter of wire is 2.6 mm and the coil pitch 
is 20 mm. The wire height is equal to the channel 
height. 
 

  

(a) inner tube with rings. 
 

    

 (b) inner tube with wired coil. 
Fig. 5 Details of experimental tube with rings and 

wired coil. All dimensions are in mm. 
 

3. Data reduction 

 During the experiment, water temperature, water 
flow rate and pressure drop are measured after the 
system reaches a stable condition. At all operating 
conditions, the difference of the heat transfer rate 
between the hot and cold water stream are within 10%. 

 %10
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QQ             (1) 

 
where Qh and Qc are heat transfer rates of the hot and 
cold water side, respectively. The heat transfer rate can 
be calculated by 
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 The average heat transfer rate is the mathematical 
average of the hot and cold water side which expressed 
as 
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  The average heat transfer coefficient for the 
inside of inner tube are achieved by 
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 In the investigation, the hot water flow rate is kept 
constant at 3.0 L/min while the cold water flow rate is 
varied from 1.6- 4.8 L/min. The Reynolds number of 
fluid can be calculated by 
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where Redi and ReDh,o are the Reynolds number of hot 
and cold water side respectively. Parameter di is inside 
diameter of the inner tube, Di is inside diameter of the 
outer tube, and do is outside diameter of the inner tube. 
 For turbulence flow of the inner tube with 
104<Red<106, the Nusselt number is defined as  

 3.08.0

didi PrRe23.0Nu                (8) 

 The average heat transfer coefficient of the 
annulus flow is calculated from the heat transfer 
resistance analysis as follow: 

 

oo

iio
i

i

1

A

A

L2

)d/dln(
A

1

hkh
U 


                 (9) 

where U is an overall heat transfer coefficient which is 
obtained by Newton’s law of cooling as shown below 
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 The Nusselt number of the annulus flow can be 
obtained as 
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 Once the pressure drop between the inlet and 
outlet of the cold water circuit is obtained, friction 
factor is calculated by 
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 In order to compare the integrated performance of 
each techniques, the effectiveness is defined by  
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4. Results and discussions 

4.1 Heat transfer  
 In this section, heat transfer performance of the 
smooth tube and the modified tube with dimples, ring 
and wired coil are presented. Reynolds number of the 
annulus flow varies from 900 to 3,000. The heat 
transfer performance is represented in term of Nusselt 
number ratio (NuDh,c/Nu0). According to the 
experimental results, the value of NuDh,c/Nu0 for all 
cases as shown in Fig. 5 are higher than 1.0. This can 
be interpreted that the heat transfer performance on the 
modified tubes is significantly higher than those of the 
smoot tube. 

 
Fig. 5 Nusselt number of enhance NuDh,c/Nu0 vs. 

Reynolds number 
 
 The NuDh,c/Nu0 for both arrangments of the dimple 
tubes are obviously closed to each other with the 
variation between 1.05-1.64. TheNuDh,c/Nu0 value of 
the staggered-dimple tube increases with the increase 
of ReDh,c. However, NuDh,c/Nu0 of the inline-dimple 
tube shows the increasing trend until reaching the 
ReDh,c value of around 1400, then the slightly drop of 
NuDh,c/Nu0 occures for the higher ReDh,c. The reason 
for this phenomenon can be described as a result of 
vortex flow generated by the inline dimple 
arrangement. Normally the vortex will also spread out 
to the downstream and lateral area of the dimple which 
can augment the heat transfer on these area. However, 
at the higher Reynolds number, the vortex flow will be 
accelerated to appear only on downstream of the 
dimple. Hence, the average the heat transfer rate of the 
inline arrangement decreases as increase the Reynolds 
number. 
 According to Fig. 5, NuDh,c/Nu0 for the tube with 
wired coil and rings exhibits the higher value 
comparing to the tube with dimples. It can be clearly 
seen that NuDh,c/Nu0 value gradually increases until 
reaching the value of ReDh,c around 1400, then the 
curves seem to remain constant. Generally, the tube 
with wired coil and ring provide the NuDh,c/Nu0 value 
of about 3.72-4.82 and 2.78-3.44 respectively. 
 Regarding the experimental results as shown in 
Fig. 5, the wired coil that attached on the external 
surface of the inner tube protrude into flow stream and 

makes the turbulence of fluid flow. The turbulence 
causing by the wired coil is stronger than that by the 
dimples on the tube surface. As a results, the 
enhancement of NuDh,c/Nu0 on the wired coil tube is 
noticebly higher than that on the dimple tube. 
Considering the heat transfer performance on the tube 
with rings on circumference of the inner tube, the 
strength of turbulence due to the disturbance from the 
rings is higher than that from the dimples but lower 
than that from the wired coil. Thus, NuDh,c/Nu0 value 
for the tube with rings is situated between the 
NuDh,c/Nu0 values of wired coil tube and dimple tube.  

4.2 Pressure drop  
 Fig.6 shows the relationship between friction 
factor ratio (fDh,c/f0) and Reynolds number. The friction 
factor ratio of the inline- dimple tube and staggered- 
dimple tube is generally about 0.73-0.84 and 0.83-1.1, 
respectively. It is very interesting that the friction 
factor on the dimple tubes of both arrangements is 
considerably lower than that on the smooth tube. It is 
possibly that the the dimples do not protrude into the 
flow which also decrease the skin friction drag on the 
tube surface. 

 
Fig. 6 Friction factor increase fDh,c/f0 vs. Reynolds 

number 

 In case of the tubes with rings and wired coil, 
since these structures definitely disturb the flow of 
fluid , the friction factors extremely higher than that of 
the smooth tube about 3.78-4.76 and 56.2-64.9, 
respectively.  

4.3 Effectiveness   
 In this section the integrated performances which 
represented in term of effectiveness for each technique 
is revealed in Fig. 7. From the results, all techniques 
provide better performance comparing to smooth tube 
which indicated by the value of effectiveness higher 
than 1.0 in all range of tested Reynolds number. The 
effectiveness of the staggered-dimple tube and rings 
significantly increase as the Reynolds number increase. 
For the inline-dimple tube and wired coil, the 
effectiveness significantly increase with the Reynolds 
number for the Reynolds number of less than 1800 and 
gradually decrease for the higher Reynold number. It 
is clearly seen that the tube with rings provides the 
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best performance with the effectiveness ranges from 
1.61 to 2.21.  

 
Fig. 7 Effectiveness (eff) vs. Reynolds number 

 
5. Conclusions 

 This experimental study reports the heat transfer 
performance by using dimple tube, wired coil and 
rings in a circular tube annulus of concentric tube heat 
exchanger. The conclusions are given as following; 

(1) Dimple tube, wired coil and rings show the 
better performances. Nusselt number of both 
dimple tubes were achieved at about 1.05-
1.64 times of the smooth tube while rings 
technique shows the values to increase about 
2.78-3.44 times, and wired coil technique 
shows the values to increase about 3.72-4.82 
times compare to smoot tube.  

(2) The friction factor of both dimple tube is 
lower than that the smoot tube about 0.73-1.0 
times. Rings technique shows the friction 
factor to increase by 3.78-4.76 times and and 
56.2-64.9 times for wired coil technique when 
compare to smoot tube. 

(3) Although dimple tubes show the trend of 
decreasing pressure drop, the enhancement of 
heat transfer presents greatly lower than ring 
technique, so the ring technique yields a 
higher heat transfer performance than that of 
the dimple tubes at identical Reynolds 
number. 

 In addition, although wired coil technique has the 
extremely pressure drop, its enhanced heat transfer is 
greatly higher than other techniques. It can be used on 
some applications which require more heat transfer 
while disregard the pressure penalty. 

6. Recommendation 

 From this study, the ring and wired coil 
techniques yield the superior heat transfer, but the ring 
and wired coil pattern has not study. The rings height, 
rings pitch and wired coiled pitch may have the 

influents with heat transfer performance, it should be 
the issues for further studied. 
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