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Abstract— In the recent years, enhanced boiling heat 

transfer has emerged as a potential research area to meet 

the challenges of technological developments in cooling of 

electronic components, nuclear fuel rods, nuclear reactors 

etc. In this paper, we numerically analyze the influence of 

rotation on horizontal cylindrical heating element made of 

copper in the medium of water around atmospheric 

conditions. The critical Reynolds number is influenced by 

Prandtl number and Nusselt number based on the cylinder 

diameter for stationary boiling. Boiling regimes has been 

divided into sub-critical and super critical regions based 

on critical Reynolds number. Effect of rotation on heat 

transfer coefficient (HTC) in these regions are 

investigated. Numerical analysis has been carried out 

using MATLAB for solving boiling equation of Lienhard 

which is correlated for rotational effects in different 

regimes by considering Weber number and Froude 

number. 

Keywords— Rotating cylinder, Nucleate boiling, conjugate 

heat transfer 

I.  INTRODUCTION 

A cylindrical rod made up of copper with length=0.2m, and 

diameter of 0.02m is taken and is placed inside the water 
medium and can rotate in various speed. The rotational effects 

of the convective heat transfer of the cylinder has been 

investigated. The copper cylinder is rotated in the rotating 

Reynolds number of 0-2.6× and the heat flux densities of 

2.5× w/   to 8.2× w/ [1]. 

𝑅𝑒𝑐 =
𝑁𝑢𝑠𝑏

0.12 × 𝑃𝑟
1
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The rotation has no effects on the heat transfer coefficients in 

low-moderate speeds [2].  

 

In this speed for,         
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where  is the Nusselt number based on the cylinder 
diameter for stationary boiling. The existing correlations are 

been used to find the heat transfer rate. At very high rotary 

speeds boiling ceased and forced convection became the only 

mode of heat transfer [3]. In this region, for Re≥1.35 , the 
experimental data are correlated well by  

Nu = 0.12 
𝐷2𝜔

2𝛾
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(𝑃𝑟)
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The region below the critical Reynolds number is termed as 

sub-critical region. The region after the critical Reynolds 

number is termed as super-critical region. In sub-critical 

region the HTC will decrease with increase in the Reynolds 

number and approaches a minimum value and tends to zero. 

At critical Reynolds number the bubble formation 

discontinues, and the boiling heat transfer due to the rotation 

will gets ceased [4]. In super-critical region with increase in 

Reynolds number the HTC will further go down, and heat flux 

in super-critical region is very least. 

For a cylinder submerged in water the forced convection heat 

transfer can be induced either by increasing the linear velocity 

of the water or by rotating the cylinder in specific Reynolds 

number [5]. The heat transfer due to the rotation of the 

cylinder depends upon the angular velocity in which the 

cylinder is rotating. The heat transfer coefficient (HTC) will 

tends to decrease as the frequency of bubble formation 

decreases [6]. Hence the HTC will decrease with increase of 
rotation speed and finally tends to zero. The boiling heat 

transfer which occurs due to the formation of bubbles from the 

nucleate site when the surface temperature is higher than that 

of the saturation temperature, will gets ceased and the bubble 
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formation halts. Then the heat transfer occurs only due to the 

forced convection of the water. 

II. LITERATURE SURVEY 

The heat transfer at the outer surface of a rotating cylinder, 

both in a still environment or in axial flow, has been studied 

by various authors for different flow regimes. The correlation 

in boiling heat transfer from a rotating surface was given by 

Nicol and McLean[7]. They correlated their results in terms of  

boiling mechanism, which differed above and below the 

critical speed. The critical speed was found to be 150 rpm for 

a 0.922 inch diameter copper cylinder boiling in water. Each 

run was performed at a constant rotary speed while the power 

input to the test section was varied at increments of 

approximately 200 watts. The surface finish of the cylinder 

was not specified. They found that an increase in the rate of 
heat transfer per unit temperature difference occurred for 

rotational speeds up to 150 rpm. For rotational speeds greater 

than this value, the rate of heat transfer decreased. 

Anderson and Saunders [8] measured the heat transfer from 

horizontal cylinders, 1.0, 1.8 and 3.9 inches in diameter, each 

2 feet long, rotating in still air. The material of the cylinders 

was not mentioned. They showed that the Nusselt number is 

almost independent of the Reynolds number for rotational 

speeds from zero to a critical value. The critical Reynolds 

number was found to be equal to  

𝑅𝑒𝑐𝑟 = 1.09(𝐺𝑟)
1

2  
 

Above the critical Reynolds number, it was found that the 

Grashof number had a negligible effect on the rate of heat 

transfer. They correlated their results in this region by 

replacing the buoyancy acceleration term (βg ) in the free 
convection equation for a horizontal surface,  

Nu = 0.14(𝐺𝑟 𝑃𝑟)
1

3   
 

using cylinder diameter as the characteristic length, with a 

corresponding centrifugal term (2  /D) thus yielding  

Nu = 0.10(𝑅𝑒)
2

3  
 

Equation mentioned above was later rearranged into the 

following form by Becker by introducing the Prandtl number 

in order to be applied to the general case of any liquid [9],  

Nu = 0.111𝑅𝑒
2

3 (Pr⁡)
1

3  
 

Etemad[10] investigated the heat transfer and flow around 

horizontal copper and bakelite cylinders, 2 and 2.5 inches in 

diameter, each 8 5/8 inches long, rotating in air between a 

range of Reynolds numbers from 0 to 65400. He found that for 

Reynolds numbers below 1000 the Nusselt numbers depend 

almost entirely on the Grashof numbers. 

 
Dropkin and Carmi [11] studied experimentally the convective 

heat transfer from two horizontal nickel-plated copper 

cylinders, 4.5 and 2.5 inches in diameter and each 21 inches 

long, rotating in air for Reynolds numbers up to 433000. For 

Reynolds numbers larger than 15000 they suggested the 
following heat transfer correlation, 

 

Nu =0.073(𝑅𝑒)0.7 
 

III. GOVERNING EQUATIONS 

The correlation for heat transfer of rotating surface below 

critical speed, the effects of rotation were correlated by the 

inclusion of a Weber-Reynolds number term in the boiling 

equation of Lienhard which took the form [12], 

Q/A = 235 ∆𝑇 1.76(𝑘. 𝑙)(𝑃𝑟)
1

3  1 + 178 𝑊𝑒
𝑅𝑒  

0.63
  

Above the critical speed the same basic equation was modified 

to include a Froude number which gave the correlating 

equation[13], 

Q/A = 520 ∆𝑇 1.76(𝑘. 𝑙)(𝑃𝑟)
1

3 (𝐹𝑟)−0.186  

The above equations are numerically simulated to understand 

the behavior of heat transfer from the cylinder under a range 

of Reynolds number. 

IV. METHODOLOGY 

The boiling heat transfer analysis over a cylinder placed 

horizontally is studied. Initially, the material of the heating 

element should be selected to study the effect of rotation on 
the heat transfer co-efficient (HTC). Material property will 

impart change in HTC, hence suitable material for the study 

should be taken. The medium in which we place the heating 

element will also impart changes in HTC, hence suitable 

medium should be selected based on the requirement of rate of 

heat transfer [14]. The rotation of cylinders will be taken in 

terms of RPM which will be changed corresponding to the 

angular speed ‘ω’.  We had considered a horizontal cylindrical 

heating element  made of copper placed in water medium 

under standard atmospheric conditions. It has length of 0.2 m 

and diameter of 0.02m (D). MATLAB is used to solve boiling 
equation of Lienhard which is correlated for rotational effects 

in different regimes by considering Weber number and Froude 

number. 

V. RESULTS & DISCUSSION 
We had analysed the heat transfer over horizontal cylinder in 

three cases using MATLAB as solver. 

CASE 1: When the cylinder of diameter ‘D’ is rotating at ‘ω’ 

angular speed and zero linear velocity of water ‘v’ 

CASE 2: When cylinder having diameters of D, 2D, 4D, 6D, 

8D, 10D, are rotating at ‘ω’ angular speed and zero linear 

velocity of water ‘v’ 

CASE 3: When cylinder of diameter D, 2D, 4D, 6D, 8D, 10D, 

are having zero angular speed ‘ω’ and finite linear velocity ‘v’ 
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CASE 1 

Fig A. Variation of heat flux vs RPM of rotating cylinder 

having diameter D (0.02m), at zero velocity of water  

Fig B.  Variation of heat flux with Reynolds number in sub-

critical region for rotating cylinder of diameter D 

 

CASE 2 
Fig C. Variation of HTC with RPM of cylinder having 

diameter D, 2D, 4D, 6D, 8D, 10D 

Fig D. Variation of HTC with RPM of cylinder of diameters 

D, 2D, 4D, 6D, 8D, 10D in sub-critical region ( RPM < 150) 

 
Fig E. Variation of HTC with RPM of cylinder of diameters 

D, 2D, 4D, 6D, 8D, 10D in super-critical region (RPM > 150) 

 
CASE 3 

Fig F.  Variation of HTC in forced convection of water with 

increasing velocity for cylinder of diameters D, 2D, 4D, 6D, 

8D, 10D 
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Figure A, B represents the variation of heat flux with the RPM 

of horizontal rotating cylinder. Heat flux reduces with increase 

in RPM upto a critical point, which is determined as sub-
critical region. Sub critical region converts to super critical 

region, at a critical point of 150 RPM for cylinder of 0.02m 

diameter and 0.2m length having copper as outer material. In 

super critical region, the heat flux reduces and is nullified. 

Bubble growth from nucleate sites reduces, hence boiling 

ceases. It infers, there is no significant use of rotation of 

cylinder in enhancing heat transfer. Figure C, D, E, increase of 

diameter of cylinder reduces heat flux with increase of RPM, 

thus cylinder having minimum possible diameter gives more 

heat flux. Figure F represents the variation of heat flux with 

linear velocity of water. As the boiling ceases, the heat 

transfer occurs only due to forced convection of water.  

VI. CONCLUSION 

This paper concerns about the influence of rotation on heat 

transfer from horizontal cylindrical heating element made of 

copper in water medium. Numerical analysis of heat transfer 

in sub critical region and super critical region, enables  us to 

understand the nature of heat transfer process [15].  We had 

discussed three cases under these regimes, 

1. In first case, the cylinder is rotating at ‘ω’ angular velocity                           

and zero linear velocity of water ‘v’; here HTC tends to 

decrease as Reynolds number increases upto a certain point 

where critical Reynolds number comes into picture. Such that, 
bubble growth rate decreases as Reynolds number becomes 

more than critical Reynolds number. Hence, boiling ceases 

and no heat transfer occurs in higher Reynolds number due to 

rotation. 

2. In second case, the cylinder having diameters of D, 2D, 4D, 

6D, 8D, 10D, are rotating at ‘ω’ angular speed and zero linear 

velocity of water ‘v’; here HTC tends to decrease for 

increasing diameter of cylinder with increase in RPM. Thus, it 

shows that cylinder with minimum diameter enhances boiling 

heat transfer under rotation. 

3. In third case, the cylinder of diameter D, 2D, 4D, 6D, 8D, 

10D, are having zero angular speed ‘ω’ and finite linear 
velocity ‘v’; here HTC tends to increase for increasing 

diameter of cylinder with increase in linear velocity of water. 

Thus, it shows that cylinder having larger diameter enhances 

boiling heat transfer under axial flow of water. 

Research and development in heat transfer 

phenomena will impart major role in increasing rate of cooling 

efficiencies in nuclear reactor and fuel rods[16]. Effects of 

surface texture, gravity, surface roughness, positions of 

cylinder will also influence heat transfer rate and should be 

studied further. 
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