
 
 

1 
 

6 3 

Experimental Investigation of Heat Transfer 

Enhancement by Using Different Number of 

Fins in Circular Tube 

Dr. Kamil Abdul Hussien                   

1Mechanical Engineering Department, College of Engineering, Wasit University, Iraq 
drkamel@uowasit.edu.iq  ,Corresponding author* 

Submitted: 4/6/2017  

Accepted: 4/12/2017   

 

Abstract-The present work investigates the enhancement of heat transfer by using different number of circular fins (8, 10, 12, 16, 

and 20) in double tube counter flow heat exchanger experimentally.  The fins are made of copper with dimensions 66 mm OD, 22 

mm ID and 1 mm thickness. Each fin has three of 14 mm diameter perforations located at 120o from each to another.  The fins 

are fixed on a straight smooth copper tube of 1 m length, 19.9 mm ID and 22.2 mm OD. The tube is inserted inside the insulated 

PVC tube of 100 mm ID. The cold water is pumped around the finned copper tube, inside the PVC, at mass flow rates range 

(0.01019 - 0.0219) kg/s. The Reynold's number of hot water ranges (640 - 1921).  The experiment results are obtained using six 

double tube heat exchanger (1 smooth tube and the other 5 are finned one). The results, illustrated that the heat transfer 

coefficient proportionally with the number of fin. The results also showed that the enhancement ratio of heat transfer for finned 

tube is higher than for smooth tube with (9.2, 10.2, 11.1, 12.1 13.1) times for number of fins (8, 10, 12, 16 and 20) respectively.  

 

Keywords: Finned tube heat exchanger, water-water, circular fin, temperature, overall heat 

transfer coefficient; performance. 

 

وب في أنب مختلف من الزعانف القرصية عددالحرارة باستخدام  نقل حسينتجريبي لتمبحث 

 دائري
 كامل عبد الحسين

متعاكس  ثنائي الانابيب لمبادل حراري زعنفة .(8،10،12،16،20) دائريةال باستخدام عدد مختلف من الزعانفالدراسة الحالية لتحسين انتقال الحرارة  :الخلاصة

( مليمتر سمك ومثقبة بثلاث ثقوب دائرية  بزاوية 1( مليمتر قطر داخلي و )22(مليمتر قطر خارجي, )66) بأبعاد الزعانف مصنعة من النحاس .تجريبيا الجريان

الانبوب داخل انبوب معزول من  قطر خارجي.يثبت ملم22.2و قطر داخلي ملم19.9 و م1الزعانف مثبة على انبوب نحاس املس طوله  .(مليمتر14وبقطر )˚(  120)

بينت   .1921الى  640ذو ارقام رينولدز تتراوح بينكغم/ثا والماء الساخن  0.0219- 0.01019بمعدل تدفق متغير يجهز ملم.الماء البارد 100قطره الداخلي  PVCمادة 

 ,11.1 ,10.2 ,9.2)انتقال الحرارة بين انبوب املس واخر مزعنف بلغت  نن زيادة نسبة تحسانتقال الحراره تتناسب مع عدد الزعانف ،حيث ا نالنتائج ان نسبة تحس

 .( بالتوالي.8،10،12،16،20مرة لعدد الزعانف)(13.1 12.1

I. INTRODUCTION 

Recently, finned tube are widely used for the purpose of improvement of heat exchanger efficiency. This 

improvement was carried out by increasing the extension of surface heat transfer. Such type of fins is very popular 

in boilers and waste heat recovery.  They have also an excellent resistance to wear and fouling problem because of 

their unique structure [1]. 

A vast number of   numerical and experimental     studies have been carried out on the heat transfer efficiency and    

resistance characteristics of finned tubes. These researches mainly investigates the use of   spiral-finned tubes [2, 3], 

plain finned tubes [4–7] and serrated finned tubes [8, 9]. Only few studies have studied the effectiveness of using H-

type finned tube in improving the heat transfer rate.  

Furthermore, circular finned tube have also attracted the interest of researches. In these studies, several empirical 

works have been carried out for the purpose of improving the fin efficiency and compactness as well as the 

reduction of the pressure losses [10]. The performance of another type of extended surface fins, longitudinal or 

radial fins, are also investigated  [11-14]. 
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The enhancement of performance of a double tube heat exchanger with circular finned was investigated by [15]. 

Various configurations of fins with different dimensions are used in the experimental work.  The results showed that 

(3.12 to 3.83) enhancement in HT coefficient could be obtained when circular finned tube heat exchanger with three 

perforated of diameter (14mm) is used. 

The current study presents an experimental investigation of the performance of heat exchanger for the case of using 

different number of circular fins (8, 10, 12, 16, and 20). The results obtained in this work are for Reynold's number 

range in between   640 and 1921 with (19.9mm) inner diameter of tube.  

II. THEORETICAL ANALYSIS 

The present work studies the counter flow of two fluids   inside heat exchanger arrangement as shown in Fig (1). 

The cold water undergoes forced flow through annuli while the hot de-ionized water flow inside inner tube. The 

insulation of heat exchanger outer surface, steady state condition, and the no phase change have been assumed 

during the experiment.  

 

Fig.1.  Circular finned tube heat exchanger with three perforated. 

Consequently the heat dissipation of both sides can be written as  

 Q c=mċ  Cpc ( Tco − Tci )   And  Q h =mḣ Cp h ( Thi − Tho)                      (1) 

In this study, the heat dissipation is calculated using the temperature deviation on the water side as in equation (1) 

[16, 17, and 18]. 

Heat transfer coefficient of hot water side can be calculated as in equation (2): 

hi =
Qh

Ai(Tm−Ts)
                                                                           (2)       

Where:    A i= πdi L , Tm =
  Thi+Tho

2
  , Ts =

Ts1+Ts2+⋯+Ts5

5
 

Then Overall HT coefficient can be calculated as: 

Ui =
Qh

AiLMTD
                                                                               (3)   

Where 

LMTD =
∆T1−∆T2

ln(
∆T1

∆T2
⁄ )

  = 
∆T2−∆T1

ln(
∆T2

∆T1
⁄ )

   , ∆T1 = Thi − Tco  ,  ∆T2  = Tho − Tci  

The thermal resistance 
ln(

ro
ri⁄ )

2πKL
, can be neglected, annuli HT coefficient can be expressed as: 
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   ho =
1

1

U0
−

Ao
hiAi

                                                                                 (4)   

Where; Ao =  πdo L , Uo =
UiAi

Ao
 

Nusselt's number for annuli side can be calculated as 

Nuc =
hoDe

Kc
                                                                            (5)   

Where: 

De = Dhu = Di − do      (laminar flow in smooth annuli) 

 De =
4Ac

Ph
                                (laminar flow in finned annuli) 

Ac = [
π

4
(Di

2 − do
2)L −

π

4
 (df

2 − do
2) ∗ δ ∗ Nf +

π

4
 dp

2 ∗ np ∗ δ ∗ Nf] /L 

Ph = πdo + π(df − do )Nf − πdpnpNf 

Reynold's number is calculated according to equation (6): 

Re = 
ρc u Dhu

μc
                                                                                      (6)   

Dhu = di                    (Laminar flow in the inner tube) 

Dhu = Di − do         (Laminar flow in smooth annuli) 

Dhu =
4Ac

pw
                  (Laminar flow in finned annuli) 

Pw = π(Di + do ) + π(df − do) ∗ Nf  − π ∗ dp ∗ np ∗ Nf   

The effectiveness and Number of HT units can be calculated as follows: 

ε = Qact
Qmax

                                                                                            (7)   

NTU = UA

Cmin
                                                                              (8)   

Enhancement Ratio Factor is given by[19] 

EF=
hof
hos

                                                                                            (9)   

Where: hof    HT coefficient for outside of fin tube. 

            hos      HT coefficient for outside of smooth tube.    

              

III. EXPERIMENTAL ISSUES                                                                                                            

A. Experimental Test Rig 

Figures (2 &3) show the image and diagram of the test device.  The test device consists of a water supply system, a 

test section, a measuring instrument [a temperature recorder, a water flow meter, a digital scale, thermocouples and 

temperature probes] and supplements.  

       The test section in this study has two parts: the first part consists of 100mm ID, 110 OD, 1.4m length and 5mm 

thickness insulated PVC tube. The inside of the tube is insulated by sheet-roll while the outside surface is insulated 



 
 

4 
 

6 3 

by glass wool which has (25.4mm) thickness, (0.036  
𝑊

𝑚.𝑐̊ 
 ) thermal conductivity, to reduce the heat losses to the 

surrounding. The second part of the test section contains a copper tube with or without circular copper fins. The 

smooth copper tube is 1m long, 19.9 mm ID, and 22.2 mm OD. Circular fins were made of cooper and each one has 

three perforations of 14 mm diameter which located at 120o from each to another; the distance between the fins is 

distributed equally along copper tube.  Fins are firstly heated to provide some thermal extension and to increase the 

inner diameter. Then the tube is inserted and when the fins be on the specified locations, then fins were cooled and 

full contact is achieved due to shrinkage. Two small Water pumps are used for pumping the cold and hot water in to 

pipes through the water cycle and test section. All measuring devices, used in the experiment, have been calibrated.  

B. Experimental procedure 

In order to achieve the goal of this study the following procedure can be applied: 

a. The inlet hot water was heated by using electrical heaters up to 60°C and pumped into the copper tube at 

mass flow rate 0.0055, 0.0082, 0.0109, 0.0137, 0.0164 kg/sec.   

b. The inlet cold water was already cooled down by ice to 25°C and pumped at mass flow rate 0.01019, 

0.0164, 0.0219 kg/s in the annuli.  

c. At the steady state condition, the temperatures of the inlet and outlet of both hot and cold water are 

recorded for each value of water mass flow rate and heat power.  

d. The temperature of a five equal spaced points locations along the outside copper tube surface (as shown in 

Fig. 1) were also recorded at steady state condition.  

e.  Pressure drop in both hot water and cold water sides (i.e. inlet and outlet) are also measured at steady state 

condition by digital manometer. 

f. In order to ensure the validity of the experimental results in our lab, each measurement test was repeated 

three times. 

Then the above steps were repeated using different cold water mass flow rates with constant hot water 

temperatures 60°C.    

 

Fig. 2 Photograph of the Experimental Test Rig  
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Fig. 3 Schematic diagram for Experimental Test Rig 

IV. RESULTS AND DISCUSSIONS 

A. Relationship between Reynolds number for Hot Water (Reh) and hot Water Temperature Difference (ΔTh). 

Figures (4 to 9) illustrate the variation of the (ΔTh)with the hot water Reynold's number (Reh) for smooth tube(ST)  

and circular finned tube (CFT)with three perforations at different number of fin( Nf) (8,10,12,16and 20) at cold 

water mass flow (mc) rate equal to (0.0109, 0.0164, 0.0219)kg/s. The results show that when the mc increased the 

ΔTh decreased because the water recycling in this site found less. The ΔTh of CFT at Nf=8 decreased by (1.15, 1.3) 

times for Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s. The ΔTc of CFT higher than for ST by (4.0, 4.2, 4.4, 

4.8, 5.2) times for Nf(8,10,12,16and 20) respectively at mc 0.0164 kg/s. The ΔTh of CFT higher than for ST by (4.0, 

4.1, 4.2, 4.3, 4.4) times for Nf(8,10,12,16and 20) respectively at mc 0.0219 kg/s. This is because of increasing the 

surface areas of heat transfer. 

B.  Effect of Reh on ΔTh at different number of fin ( Nf) 

The variation of ΔTh with the Reh for ST and CFT with three perforations with different Nf (8, 10, 12,16and 20) 

illustrated in figures (10 to 15). It can be noted that (ΔTh) for CFT is higher than for ST Because of the surface area 

of the fins are increasing. The ΔTh of CFT higher than for ST by (4.8, 5.2, 5.5, 6.0, 6.5) time for Nf(8,10,12,16and 

20) respectively at mc 0.0109 kg/s.as well as (3.1, 3.4, 3.5, 3.7, 4.0) times for Nf(8,10,12,16and 20) respectively at 

mc 0.0164 kg/s.The ΔTh of CFT is higher than for ST by (3.0, 3.3, 3.4, 3.6, 3.9) times for Nf(8,10,12,16and 20) 

respectively at mc 0.0219 kg/s. The result show that when the mc increased the ΔTh is decreased because the time 

for heat transfer is not long enough.  

C. Effect of Reh on hot water heat transfer coefficient 

 Figures (16) to (18) shown  the variation of the hot water heat transfer coefficient  (hi )with Reh for CFT with 

different Nf (8,10,12,16and 20) at (mc) rate equal to (0.0109, 0.0164, 0.0219)kg/s. It can be observed that (hi) for 

CFT is higher hen compared to that of ST. This can be interpreted as using the number fins will increase the surface 

area of heat exchange and then increase the heat transfer process. The hi of CFT higher than for ST by (9.4, 10.6, 

11.3, 12.4, 13.1) times for Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s,  (6.3, 6.9, 7.3, 7.9, 8.3) times for 

Nf(8,10,12,16and 20) respectively at mc 0.0164 kg/s and (6.2, 6.8, 7.2, 7.8, 8.1) times for Nf (8,10,12,16and 20) 

respectively at mc 0.0219 kg/s. 
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D. Effect of Reh with hot water side Nusselt's number 

Figures (19) to (21) illustrate the variation of the hot water side Nusselt's number (Nuh) with Reh for (CFT) with 

different Nf (8, 10, 12,16and 20) at (mc) rate (0.0109, 0.0164, 0.0219)kg/s. It can be noted that (Nuh) for CFT is 

higher than for ST because of the Nusselt number is significantly relaying on the thermal boundary condition and 

the geometry passage in laminar flow. The hi of CFT higher than for ST by (9.5, 10.6, 11.4, 12.5, 13.2) times for 

Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s, (6.2, 6.9, 7.3, 7.9, 8.4) times for Nf(8,10,12,16and 20) 

respectively at mc 0.0164 kg/s and (6.3, 6.8, 7.2, 7.8, 8.1) times for Nf(8,10,12,16and 20) respectively at mc 0.0219 

kg/s. 

 

E. Effect of Reh on overall heat transfer coefficient (U)  

Figures (22) to (24) illustrate the variation of U with the (Reh) for (CFT) with different Nf (8, 10, 12,16and 20) at 

(mc) rate (0.0109, 0.0164, 0.0219) kg/s. It can be noted that (U) for CFT is higher than for ST. This is because U 

depends on several parameters such as the geometry of heat transfer surface, thermal properties, individual Nu (as a 

function of relevant parameters), temperature variations, temperature difference variations…etc. The U of CFT 

higher than for ST by (7.4, 8.7, 9.6, 11.4, 13.7) times for Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s, (4.3, 

4.8, 5.2, 6.0, 6.8) times for Nf(8,10,12,16and 20) respectively at mc 0.0164 kg/s and  (4.2, 4.6, 5.1, 5.7, 6.4) times 

for Nf (8,10,12,16and 20) respectively at mc 0.0219 kg/s. 

F. Effect of number of fin on pressure drop (Δp) at deferent cold mass flow 

The variation of Nf on pressure drop at different cold mass flow rate (0.0109, 0.0164, 0.0219) kg/s illustrated in fig. 

(25). It can be noted that water Δp is proportional to Nf and mc. The Δp of CFT higher than for ST by (1.5, 1.9, 2.2, 

3.0, 3.7)  times for Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s. The Δp of CFT higher than for ST by (1.6 , 

2.0, 2.4, 3.2, 4.1) times for Nf(8,10,12,16and 20) respectively at mc 0.0164kg/s. The Δp of CFT higher than for ST 

by (1.8, 2.3, 2.7, 3.6, 4.6)times for Nf(8,10,12,16and 20) respectively at mc 0.0219 kg/s. The loss in pressure can be 

explained as the increase of fin numbers will lead to the increase of fluid frictions with fins. 

G. Effect of effectiveness with number of transfer units (NTU) 

Figures (26) to (31) shows the change of effectiveness at NTU. From these figures, a direct relationship can be seen. 

This can be attributed to the dependency of the effectiveness and NUT on U.  Effectiveness of CFT at different Nf 

(8, 10, 12, 16 and 20) is greater than that of ST by (28%, 39%, 45%, 54%, 61%) respectively. The NTU is a 

compound measure of the heat exchanger size obtained by multiplying the HT surface area by the overall heat 

transfer coefficient U. Therefore, the effectiveness is improved with the increase of NTU because the number of fins 

is increased and as a result the heat transfer surface area is increased. 

H. Effect of Reh on Enhancement Ratio Factor for different number of fin  

Figures (32) to (34) illustrate the variation of Reh on Enhancement Ratio Factor (EF) for (CFT) with different Nf (8, 

10, 12,16and 20) at (mc) rate (0.0109, 0.0164, 0.0219) kg/s. It can be noted that EF for CFT is higher than for ST 

due to the improvement of heat transfer resulting from the extension of heat exchanger surface area. The EF of CFT 

higher than for ST by (9.2, 10.2, 11.1, 12.1 13.1) times for Nf(8,10,12,16and 20) respectively at mc 0.0109 kg/s, 

(8.2, 8.8, 9.3, 10.2, 10.8) times for Nf(8,10,12,16and 20) respectively at mc 0.0164 kg/s and  (8.1, 8.6, 8.9, 9.2, 

9.3) times for Nf(8,10,12,16and 20) respectively at mc 0.0219 kg/s. 

V. CONCLUSIONS 

The current research study has come up with the following conclusions: 

1. The augmentation of heat transfer is significant when the largest number of fins is placed on outer surface of inner     

     tube. This enhancement is seen clearly in heat transfer coefficient indicating (6.2 to 13.1) times than that of                            

     smooth tube. 

2. The hot water side temperature difference changes directly with number of fins and decreased with increasing the   

     cold water mass flow rate. 

3. Pressure drop is directly proportional to number of fins and the cold water mass flow rate. 

4. The effectiveness is directly proportional to number of fins increasing (28% to 61%) with number of fins and with       
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    number of transfer units. 

5. Enhancement Ratio Factor proportional to number of fins by (8.1 to 13.1) times and decreased with increasing the   

    cold water mass flow rate. 

 
Fig.4. Effect of Reh on ∆Thfrom smooth tube at different cold masses 
flow. 

 

Fig.7 Effect of Reh on ∆𝑇ℎfor number of =12 at different cold masses flow . 

Fig. 5 Effect of Reh on ∆Th from number of =8 at different cold 
masses flow. 

 
Fig. 8 Effect of Reh on ∆𝑇ℎ from number of =16 at different cold masses 
flow. 

 
Fig. 6 Effect of Reh on ∆𝑇ℎ from number of =10 at different cold 
masses flow. 

 
Fig. 9 Effect of Reh on ∆𝑇ℎ from number of =20 at different cold masses 
flow. 
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Fig. 16 Effect of Reh on hot water heat transfer coefficient at mc 
=0.0109 kg/s 

 

Fig. 19 Variation of Reh with hot water side Nusselt's number at cold mass 

=0.0109 kg/s cflow m 

 

Fig. 17 Effect of Reh on hot water heat transfer coefficient at mc 

=0.0164 kg/s 

 

 cwith hot water side Nusselts at cold mass flow m RehFig. 20 Variation of 
=0.0164 kg/s 

 

Fig. 18 Effect of Reh on hot water heat transfer coefficient at mc 

=0.0219 kg/s 

 

 cReh with hot water side Nusselts at cold mass flow mFig. 21 Variation of 

=0.0219 kg/s 
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Fig. 22 Effect of Reh on overall heat transfer coefficient at mc 

=0.0109 kg/s 

 
Fig. 25 Effect of number of fin on pressure drop at deferent cold mass flow  

 
Fig. 23 Effect of Reh on overall heat transfer coefficient at cold mass 

flow mc =0.0164 kg/s 

 
Fig. 26 Change of effectiveness with number of transfer units (NTU) in 

smooth tube at cold  mass flow mc =0.0109 kg/s 

 
Fig. 24 Effect of Reh on overall heat transfer coefficient at cold mass 

flow mc =0.0219 kg/s 
 

 
Fig. 27 Change of effectiveness with number of transfer units (NTU) in 

finned  tube with 8 fin at cold  mass flow mc =0.0109 kg/s 

 

 

 

 

 

 



 
 

10 
 

6 3 

 
Fig. 28 Change of effectiveness with number of transfer units (NTU) 

in finned tube with 10 fin at mc =0.0109 kg/s 

 
Fig. 31 Change of effectiveness with number of transfer units (NTU) in 

finned tube with 20 fin at cold mass flow mc =0.0109 kg/s 

 
Fig. 29 Change of effectiveness with number of transfer units (NTU) 

in finned tube with 12 fin at cold mass flow mc =0.0109 kg/s 

 
Fig. 32 Effect of Reh on Enhancement Ratio Factor for deferent number of 

fin at mc =0.0109kg/s 

 
Fig. 30 Change of effectiveness with number of transfer units (NTU) 

in finned tube with 16 fin at mc =0.0109 kg/s 

 
Fig. 33 Effect of Reh on Enhancement Ratio Factor for deferent number of 

fin at mc =0.0164 kg/s 
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