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Abstract: 
          Three copper cylinder oriented geometries have been experimentally tested for heat transfer 

enhancement. These geometries include ellipse, squared cusp and triangle cusp cross section. The 

circular cross section was also tested for comparison purposes. The test specimens have been 

manufactured using different machining processes such as lathing, riming, grinding and drilling. 

The test specimens were rotated around their centers by several angles 45°, 60° and 90° to obtain 

the optimum position for good heat transfer enhancement. The results reveals that the standing 

ellipse and square cusp have the high heat transfer coefficient. The circular cross section was 

found to have the lower value of heat transfer coefficient.         

Key: Natural convection + horizontal cylinder + Geometry 

 

 الخلاصت :
حى اجشاء الاخخباساث انخجشٌبٍت نثلاثت اشكال اسطىاٍَت َحاسٍت ورنك نخحسٍٍ اَخقال انحشاسة . هزِ انًقاطع انهُذسٍت  حخضًٍ  

انقطع انُاقص و انًشبع وانًثهث كًا حى اخخباس انًقطع انذائشي اٌضا لاغشاض انًقاسَت . حى حصٍُع عٍُاث الاخخباس باسخخذاو 

و  54انخشاطت وانشبظ و انطحٍ وانذسفهت .حى حذوٌش عٍُاث الاخخباس حىل يشكضها وبعذة صواٌا هً) عًهٍاث حصٍُع يخخهفت يثم 

( دسجت ورنك نهحصىل عهى انىضع الايثم نخحسٍٍ اَخقال انحشاسة . بٍُج انُخائج اٌ انقطع انُاقص وانًشبع ايخاص  06و  06

 قًٍت نًعايم اَخقال انحشاسة.  بًعايم اَخقال حشاسة جٍذ فً حٍٍ اٌ انًقطع انذائشي كاٌ اقم
 

 
Symbols Definition Units 

As Surface area m
2
 

Bi Biot number = hLc/k  

Cp Specific heat kJ/kg.K 

d Diameter M 

Gr Grashof  number  

h Heat transfer coefficient W/ m
2
.K 

hst Steady state heat transfer coefficient W/ m
2
.K 

hun Un steady state heat transfer coefficient W/ m
2
.K 

k Thermal conductivity W/ m.K 

Lc Characteristic length m 

Nu Nusselt number  

Pr Prandtl number  

Ra Rayleigh number=Gr.Pr=(ρ
2
gB∆TLc

3
/μ

2
).( μcp/k)  

T∞ Ambient temperature ℃ 
Ts Start temperature ℃ 
Te End temperature ℃ 
t Tim sec 

V Volume m
3
 

ρ Density kg/ m
3
 

β Volume coefficient of expansion =1/(Ts+T∞)/2 1/K 
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 Legend of Figures 
Figure (1) The exprimental apparatuse 

Figure (2) Show the processes of the test rods. 

Figure (3) The variation of body temperature and time for cylinder rod. 

Figure (4) The variation of body temperature and time for ellipse horizontal rod. 

Figure (5) The variation of body temperature and time for ellipse vertical rod. 

Figure (6) The variation of body temperature and time for square cusp horizontal rod. 

Figure (7) The variation of body temperature and time for square cusp vertical rod. 

Figure (8) The variation of body temperature and time for triangle cusp horizontal rod. 

Figure (9) The variation of body temperature and time for triangle cusp vertical rod. 

Figure (10) The Biot number coefficient of different bodies. 

Figure (11) The heat transfer coefficient of different bodies. 

Figure (12) The Nusselt number of different bodies. 

 

 Introduction 

There are a number of practical applications of natural convection heat transfer from long 

horizontal circular and noncircular sections such as heat exchangers, solar collector design , heating 

and ventilation of building, nuclear , chemical reactors and cooling of electronic equipment. 

Heat transfer enhancement using natural convection was the subject of many researches in 

recent years. In view of power consumption and economical consideration an experimental study of 

natural convection was carried by Alayilmaz and Teke [1] on a horizontal cylinder. They claimed 

that although the subject has been studies extensively over the last 50 years, discrepancies still 

obtained in the output data of the prior researches due to various factors. Churchill and chu [2] 

published an article on laminar and turbulent natural convection from horizontal cylinder. For the 

laminar regime, they took the limiting Nu expression of Savill and Churchill [3] and used a form 

suggested by Churchill and Usagi [4] and Tsubouchi and Masuda [5] in order to obtain an 

expression to the average Nusselt number for the horizontal cylinder of circular cross section for  

2.3 × 10
4
 ≤ Gr ≤ 7.5×10

4
  :   

            
     

Fujii et al [6] performed an analytical and experimental study on a horizontal platinum wire 

of 0.47 mm diameter and 238 mm long situated in air stream.  

Xing Yuan [7] studied free convection in a horizontal concentric annuli with different inner 

shapes. The simulation is categorized into four groups based on the shape of the inner entity which 

can be either cylindrical, elliptical, square or triangular. Overall heat transfer correlations 

incorporating thermal radiation are established and presented in terms of the Nusselt numbers. It is 

observed that the surface radiation and existence of the corners and larger top space can enhance the 

heat transfer rate. As the reference temperature and Rayleigh number increases, surface radiation 

plays a more prominent role in the overall heat transfer performance. 

        The aim of the research is to find the heat transfer coefficients of these different shapes and 

compare their results. The triangular cusp shape and the diamond cusp shape are investigated for the 

first time up to our knowledge. 
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 Testing apparatus: 
 

The apparatus consist of a Perspex section with (200x150x150) mm, with holes in one of its 

faces to insert the copper rods inside it as shown in Figure (1). The rods made of copper with length 

of 126 mm with different cross sectional area (circular, ellipse, square cusp, and triangle cusp). 

These test specimens have been manufactured using several operational processes; lathing, riming, 

grinding and drilling as shown in Figure (2).the elliptic section was oriented as standing position. 

Two orientation were tested for each geometry as shown in Figures (4-9). To heating the rods the 

apparatus consist of electric heating element like cylinder with hole in the center to insert the rod. 

The maximum allowable temperature is around 85 ℃. Electrical power input had been used to heat 

up the specimen until the temperature became 80 ℃  
Each rod has a hole in its center to fix a thermistor to measure the temperature variation with 

time when the rod inserted in the test section. The test of each specimen carried out alone in the 

system to find the test results. The first thermistor which inserted inside the bore of the rod 

connected into Labjack interface to measure the section temperature variation. The interface 

connected to laptop and by Labjack software reads the variation of the rods temperature and section 

temperature simultaneously with time. The thermistor had fast response time to measure the 

temperature variation. The temperature measuring time duration was between (10-20) seconds. The 

accuracy of temperature measuring is ∓0.1℃ according to the manufacturing data. The outside 

temperature during the tests of specimens was 41℃ because it was summer time and the space 
was unconditioned.  

  

 Lumped Thermal Capacity Model  
 

The first method that used to analyze the experimental data is the Lumped thermal capacity 

model which assume that partial temperature variations within the body are negligible and the 

temperature variation is only a function of time [8]. The geometry of cylinder, ellipse, square cusp, 

triangle cusp of volume V, surface area As, density ρ, and specific heat cp, initially at a temperature 

Ts were selected. At time t ≥ 0, the body is immersed in a convective environment (T∞, h), where T∞ 

< Ts, and allowed to cool. The equation describing the cooling process is 

    
  

  
      (    )                                                                

 With the initial condition                (   )     
The solution is:     
     

     
            ⁄        or 

  
     

     
  

     

    
                                                                           ----------------(1) 

h = heat transfer coefficient (W/m
2
.K) 

 The lumped thermal capacity model is valid for     
   

 
       . 

 

 Steady State Model: 
 

 The second method to analyze the behavior of thermal system by using empirical equation for 

natural convection to find the heat transfer coefficient for the horizontal cylinder [9]:     

      (    )
 

        For              
                             ----------------(2) 

where: 

         
  (  )    
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The value of the heat transfer coefficient h was calculated using equation (1) and (2) with the 

help of the experimental data for the temperature variations of the tested geometries. The results 

were plotted as surface temperature variation with time, heat transfer coefficient, Nu and Bi, as 

shown in next section. The value of Rayleigh number was calculated and found to be around 3-

4x10
6
 which is in the range of equation (2). 

  

 Results and discussion: 
Figure (3-9) show the temperature decreasing with time for each rod, the decreasing behavior 

identical to a negative exponential decay. These figures specify the relationship between 

temperature variations of different rods with time. The initial and final temperature can be seen for 

each type in figures. The temperature decrease with time for each rod, the decreasing behavior 

identical to a negative exponential decay within a certain time shown in figures. It can be noticed 

that the Biot number is less than 0.1 as shown in Figure (10). Therefor the Lump thermal capacity 

analysis can be applied. Figure (11) show the magnitude of heat transfer coefficient for each rod by 

using the unsteady state method (lumped thermal capacity method) and steady state method. 

The values of  Bi, Ra, Nu and h are listed in Table (1) below for each type of the rods 

mentioned. 

The magnitude of the heat transfer coefficient at unsteady state higher than its steady state value 

by ≅ 10.2%. The cylindrical rod had the lower heat transfer coefficient value while the vertical cusp 

square had the higher value. The cusp shape gave the higher value of the heat transfer coefficient 

because of the enhancement in the buoyancy effect. The curved surface area has also partially 

increased the heat transfer rates in the cusp section which leads to the increase in the heat transfer 

coefficient value. Figure 12 shows the Nusselt number variation of seven geometries. The 

maximum value was found to be for the standing square cusp which is follow the values of the heat 

transfer coefficient as seen in figure 11. However this may be attributed to geometrical and 

orientation causes. The first one is the buoyancy current on the lower curved surfaces as it moves 

upward create two separated blumes while the two upper curved surfaces create one single blume. 

These three blumes enhance the heat exchange with the surrounding better than the other geometry. 

 

 
No Name Bi Ra Nu h 

1 Square cusp vertical 0.004631 4.448E6 66.08 14.6 

2 Ellipse vertical 0.004379 3.224E6 62.5 13.69 

3 Ellipse horizontal 0.004295 3.224E6 61.29 13.43 

4 Triangular cusp 

vertical 

0.004258 3.2443E6 60.81 13.32 

5 Square cusp 

horizontal 

0.004208 4.591E6 59.97 13.26 

6 Triangular cusp 

horizontal 

0.004095 2.846E6 58.82 12.81 

7 Circular 0.00348 3.608E6 49.63 10.8 

 

 Conclusion 
 

Three copper cylinders of different geometries were experimentally tested for heat transfer 

coefficient enhancement. The test specimens were of ellipse, squared cusps and triangular cusp 

cross sections. During tests these specimens were rotated for 45
o
, 60

o
 and 90

o
 as required to 

examine the optimum position for good convection heat transfer coefficient. It was concluded that 

the standing square cusp copper rod has the highest heat transfer coefficient of (14.6 W/m
2
.K) while 

the conventional circular cross section rod  was found to has the lowest value of heat transfer 

Table (1) The experimental 

results 
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coefficient of (10.8 W/m
2
.K). This suggests that the cusp shape has a good effect in enhancing the 

heat transfer from curved surfaces.  
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1 Electric motor 6 Total head tube  11 Control panel  

2 Fan 7 Test element  12 Inclined manometer 

3 Throttle opening 8 Thermometer  13 Watch time  

4 Working section 9 Air inlet    

5 Electric heater 10 Digital thermometer   

Figure (1) The exprimental apparatuse 
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Figure (2) Show the processes of the test rods. 
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Figure (3) The variation of body temperature and time for cylinder 

rod. 

 

Figure (4) The variation of body temperature and time for ellipse horizontal rod. 

Figure (5) The variation of body temperature and time for ellipse vertical 

rod. 

 



 Journal University of Kerbala , Vol. 16 No.4 Scientific . 2018 
 

67 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-200 0 200 400 600 800 1000 1200
20

30

40

50

60

70

80

90

Time  [sec]

S
u

rf
a
c
e
 T

e
m

p
e
ra

tu
re

  
[C

]

Surface Temperature

Ambient Temperature

-200 0 200 400 600 800 1000 1200
20

30

40

50

60

70

80

90

Time  [sec]

S
u

rf
a
c
e
 T

e
m

p
e
ra

tu
re

  
[C

]

Surface Temperature

Ambient Temperature

-200 0 200 400 600 800 1000 1200
20

30

40

50

60

70

80

90

Time  [sec]

S
u

rf
a
c
e
 T

e
m

p
e
ra

tu
re

  
[C

]

Surface Temperature

Ambient Temperature

Figure (6) The variation of body temperature and time for square cusp 

horizontal rod. 

 

Figure (7) The variation of body temperature and time for square cusp vertical rod. 

Figure (8) The variation of body temperature and time for triangle cusp horizontal rod. 
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Figure (9) The variation of body temperature and time for triangle cusp vertical rod. 
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Figure (10) The Biot number coefficient of different 

bodies. 
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Figure (11) The heat transfer coefficient of different 

bodies. 

 

Figure (12) The Nusselt number of different bodies. 

 


