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Abstract 
 
 The present study has been carried out to investigate the problem 

of heat transfer by force convection as unsteady state conduction ((i.e. 

lumped-capacitance system)) from the out side surface of horizontal 

cylinder in cross flow of air was studied. Experimental works were 

involved for this purpose. The cylinder is closed ended and heat 

insulated, circular in cross-section and its internal surface dissipates heat 

uniformly (constant heat flux). 

 The cylinder is placed in rectangular wind tunnel that was used for 

the experimental tests having length equal to (244 cm) with inlet and 

outlet cross- section areas equal to (6.25*12.5 cm) and (6.25*25 cm) 

respectively and Reynold’s number is (Re = 6*105). The section area of 

the wind tunnel diverges downstream from the inlet position at a distance 

equals to (160 cm) from its entery. One cylinder of aluminum for 

different cylinder positions were used, diameter of cylinder is 4.96 cm, 

cylinder length is 6.7 cm and thickness of cylinder is 5 mm and it was 

placed at 6.5 cm from the discontinuous wall. 

 Ten sets of reference temperature (To) were used for each cylinder 

position (Y =3.7, 7.75, 15.25, 19 cm). From Appendix (A), one of fife 

test section at (θ  =90) is used and one node of twelve thermocouple 

nodes at (θ  on the cylinder to measure surface temperature were 

used.     

)90=

The experimental results were made in the form of temperature vs 

time interval (t). The computational results were made by a package 

program (MATLAP 6.1) from the experimental results in this study. This 

package is focused on calculating heat transfer coefficient, Nusselt 

number, Temperature ratio, time ratio. 
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 It was concluded that the rate of decreasing in surface temperature 

of cylinder (T) with time interval (t) will be increased as reference 

temperature (To =150, 140, 130, 120, 110, 100, 90, 80, 70, 60 Co) is 

increased and cylinder position (Y=3.7, 7.75, 15.25, 19 cm) is decreased. 

At some reference temperature (To =150, 140, 130, 120, 110, 100, 90, 80, 

70, 60 Co) and cylinder position (Y=3.7, 7.75, 15.25, 19 cm), heat transfer 

coefficient and Nusselt number was found to increase with time interval 

(t). Finally, heat transfer coefficient and Nusselt number will be increased 

as cylinder position (Y=3.7, 7.75, 15.25, 19 cm) is decreased.  
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Chapter One 
Introduction 

1.1 Introduction 
Heat transfer between solid and a surrounding fluid will be investigated 

under unsteady state conditions. Experimental data will be collected for 

aluminum cylinder heated or cooled by forced or natural convection. If a solid 

body is suddenly subjected to a change in environment, some time must 

elapse before an equilibrium temperature condition will prevail in the body. 

The equilibrium condition was referred as the steady state and calculated the 

temperature distribution and heat transfer by methods described in Chaps. 2 

and 3.In the transient heating or cooling process which takes place in the 

interim period before equilibrium is established. The analysis must be 

modified to take into account the change in internal energy of the body with 

time, and the boundary condition must be adjusted to match the physical 

situation which is apparent in the unsteady-state heat transfer problem. 

Unsteady-state transfer analysis is obviously of significant practical interest 

because of the large number of heating and cooling process, which must be 

calculated, in industrial application [1]. The data will be analyzed to estimate 

heat transfer coefficient and thermal conductivity of aluminum cylinder. If the 

rate of heat flow and the temperature at any point of a system change with 

time, the conduction is termed “unsteady state”. The temperature may vary 

both in time and space. However, in general only consider with temperature 

that vary in one space dimension. The heat equation for one dimensional 

unsteady conduction in Cartesian coordinate with uniform thermal 

conductivity is 

                                                   tx ∂
Τ∂

=
∂
Τ∂

α
1

2

2
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There is experience in math courses on how to solve this system for 

simple boundary conduction. However, these solutions are cumbersome and 

require infinite series. There are two engineering shortcuts often used to get 

around using such heavy math. They are 

1. Lumped capacitance simplification ( 0=∂
∂
x ) 

2. Solution table for simple shapes 

When a heated (or cooled) substance is immersed in a bath having 

different temperature, heat transfer takes place. Heat is conducted throughout 

the substance, and convection occurs at the surface. There are different ways 

to model this unsteady problem, depending on the relative magnitude of the 

convection coefficient and the thermal conductivity of the material. In this 

experiment, unsteady temperature versus time is measured for a material, and 

the convection coefficient is calculated. The results are then used with Heisler 

chart in order to predict the expected temperature, and the results are 

compared. Continue discussion of transient heat conduction by analysis 

systems, which may be considered uniform in temperature. This type of 

analysis is called the lumped-heat-capacity method. Such systems are 

obviously idealized because a temperature gradient must exist in a material if 

heat is to be conducted into or out of the material. In general, the smaller the 

physical size of the body is the more realistic is the assumption of a uniform 

temperature throughout; in the limit a differential volume could be employed 

as in the derivation of the general heat-conduction equation. For many 

systems the thermal conductivity resistance is low compared to other 

resistance in the system. Consider the cooling of a metal bar by a jet of air. 

Intuitive understanding of heat transfer was known so far that the upstream 

side will be hotter than the downstream side. More importantly, that the inside 

will be hotter than the outside.  Many industrial problems of heat transmission 
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come under this class of heat flow. One familiar example is the flow of heat 

through a building wall during the daily twenty-four hours heating and 

cooling cycle. Other examples include the annealing of casting burning of 

bricks and the heating and cooling of slabs and furnace wall sections. 

 

1.2 Objective  
1. The objective of the present work is to carry out a experimental 

analysis for the heat transfer coefficient from cylinder wall at a range of 

reference temperatures (To) and for different cylinder position to obtain 

the results shall be illustrated in chart form to explain transient 

conduction (i.e. unsteady state conduction).  

2. The air flow behavior on the variation of heat transfer coefficient and 

rate of heat transfer with time and cylinder position from cylinder wall. 

3. In future, this research will give more information for the students who 

they work in the same direction of this research but at different 

boundary condition.  
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Chapter Two 
Literature Survey 

2.1 Introduction 
         As mention in the introduction the published work on heat transfer by 

transient zone duct in from outside surface of cylinder and different shapes to 

air flow is limited. A summary of this work is given here.     

2.2 Previous Work 
              Remn-Min Guo [4] studied a two-dimensional transient thermal 

behavior of work rolls in rolling process. In rolling process, large amount of 

heat generated in the roll bite transfers to work rolls and strip. Work rolls are 

cooled by cooling medium in both entry and exit sides of the mill. Transient 

cooling behavior of the roll affects temperature distribution and thermal 

profile. This article proposes a semi-analytical solution to solve temperature 

field of the work roll, which is subjected to various cooling and heating 

boundary conditions. Lap lace and inverse transforms are applied to pursue 

the unsteady solution for one boundary condition. The complete solution for 

various boundary conditions is superimposed by related Individual solutions 

using Duhamel’s rule. Case studies as demonstrated show versatility of the 

developed model. They concluded theta two-dimension transient model has 

been introduced to solve thermal characteristics of the work roll in rolling 

process. Lap lace transform, Cauchy’s residual theory, and Duhamel’s rule 

are applied to achieve the analytical solution. Boundary conditions are 

considered to embrace all combinations of current mill operations. The model 

was designed not only for theoretical investigation but also for future on-line 

control. Practical application requires identifying the roll-bite heat equation, 

which is a function of rolling force, mill speed, forward slip, and strip 

material. Case studies as demonstrated in the article show that the heat 
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generated in the roll bite could penetrate into the roll center before the roll 

reaches the steady state. In cycles of rolling and idling processes, a critical 

line in the radial direction separates transient temperature field into two zones. 

The inner zone, which has the majority of the radius, exhibits continuous 

temperature gain. The thin-layer outer zone has a temperature fluctuation. As 

mentioned before, if the temperature field is not of importance in the real-time 

application, thermal profiles can be calculated directly bypassing the lengthy 

calculation of temperature field. Hence this two-dimensional solution may 

provide better accuracy with acceptable computing time. The future research 

work should concentrate on improvement of computing efficiency and 

determination of the roll-bite heat Equation. It is interesting to compare the 

results produced by various methods such as one dimensional model, finite 

difference model, and this two dimensional model. Accuracy and computing 

time are two key factors. 

M. Raudenský, M. Pohanka & J, Horsky [5] studied the combined 

inverse heat conduction method for highly transient processes. Combined 

inverse heat conduction task was developed. The task uses classical 

minimization method in combination with optimization method. The method 

was developed for the very steep changes of the measured temperature and 

the demand on precise results. Typical industrial applications are in decaling 

(removing oxides from steel surface by high energetic spray). The 

minimization method is used as a basic method. The precision of this method 

is improved in the area of big temperature gradients by combination with 

optimization method. The peaks of HTC of heat flux are computed precisely 

afterwards. They concluded that the combination of two numerical methods 

allows increasing precision of inverse calculation. The results of minimization 

method using several forward time steps are improved by optimization 

method in area of sharp changes of heat transfer coefficient. The method 
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allows evaluating long temperature records. Optimization method is applied 

only locally. The new investigative approach does not have the negative 

impact on stability of inverse task. 

A. F. Emery [6] studied the transient and steady state free convection 

from a horizontal cylinder. Estimating parameters in steady state, 

homogeneous a system is a well-developed process, usually involving the 

least squares technique or the Bayesian statistical approach. The Forward 

Variable method was developed to estimate time varying surface fluxes for 

inverse heat conduction problems. Electrical and systems engineers tend to 

utilize the Kalman filter approach in such situations. The two approaches have 

much in common and the Kalman filter can often be applied to 

conduction/convection problems. It is particularly useful when multiple 

parameters vary with time. They described the application of both methods to 

the problem of transient and steady state free convection from a horizontal 

cylinder. The problem involves noisy data and an exceptionally strong early 

time variation of the heat transfer coefficient. They discussed both approaches 

and compare the resulting estimates of the parameters. They compared the use 

of the forward variable approach [1] with the extended Kalman filter method 

in the estimation of the convective heat transfer coefficient for free 

convection from a horizontal cylinder. They concluded that the use of the 

Kalman filter made it possible to track the history of the uncertainties and to 

determine the times when the heat transfer coefficient was most poorly 

estimated. By then expanding the state variables to include losses and 

imprecision in the estimate of the stored energy we were able to that the 

difficult was most probably due to interfacial resistance. When the resistance 

was reduced, substantially better results were obtained. The Kalman filter 

approach is not a total panacea for problems like this. In analyzing the results 

and predicting the History of h, both the forward variable and Kalman filter 
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approaches estimated the temperature history of the cylinder very well as 

Evidenced by the very small values of σT, being in the order of 0.05C. In this 

case, the results of the cfd simulation and the correlation make it clear that the 

inverse estimation of the first experiment, and even that of the second at early 

times, is significantly in error. Once again reinforcing the idea that one must 

know much about the problem and must design the experiment carefully 

before conducting it. 

Wing [7] have carried out blow down tests and presented results which 

showed the histories of pressure, surface temperature and heat transfer 

coefficient. The surface temperature results indicated that as long as nucleate 

boiling is established on the rod surface, the thermal properties of the material 

in the test rod are unimportant, because the heat transfer coefficient due to 

nucleate boiling on the rod surface is larger compared to the gap conducted 

and thermal conductance of the test rod material. 

Fernando R. Sousa, R.C.S.Freier, G.S.Deep, E.K.Melcher and 

I.S.S.Silva [8] carried out The evaluation of response time of a constant 

temperature thermo resistive Sensor based feedback circuit, excited by a pulse 

width modulated (PWM) waveform is done by a way of simulation studies in 

PSPICE environment and compared with that of a circuit excited by an analog 

voltage (continuous time domain). For a thermo resistive sensor with an 

intrinsic time Constant much larger than the period of the PWM waveform, 

the degradation the response time of the PWM circuit is negligible and they 

concluded that The evaluation of response time of constant temperature feed-

back circuits employing a thermo resistive sensor has been done for two 

different circuit configurations, one operating in con-tenuous time domain and 

other employing a PWM voltage to heat the sensor. The simulation studies 

done in the PSPICE environment show that for given parameters, the settling 

time in the discrete time circuit increases as the PWM frequency decreases. 
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The results also show that the discrete CTC be-comes Unstable when PWM 

period approaches the sensor in-transitive constant. The introduction of the 

pulse width modulator in the feedback loop linearizes the input-output 

transfer characteristics, but the circuit complexity is increased. The use of 

digital circuits to generate the PWM waveform gives versatility to the 

measure-men instrument. To reduce the circuit’s complexity, a fast 

comparator may replace the operational amplifier and the A/D converter and a 

digital control algorithm implemented by software in an inexpensive micro 

controller. 

Donea [9] discussed three numerical integration schemes connected 

with a FE solution to the transient heat conduction problems. The main 

emphasis was on the achievable accuracy. He conducted that if only initial 

and final states are considered in time region, the Galarkin process provides a 

convenient scheme for time integration of fast-varying heat conduction 

problems. When the high frequency components become unimportant, the 

Grank-Nicholson scheme should be used to take advantage of its second order                     

time accuracy. Since both schemes differ only by numerical coefficients 

branching from one scheme to the other is an easy matter.  

 Brush Jr. and Zyroloski [10] used a finite Weighted Residual process 

to solve Transient linear and non-linear to dimensional heat conduction 

require constant parameters over entire solution domain, and isoperimetric 

element can be used. Furthermore, the method is easily programmed, stable, 

computationally fast, and convergence to the exact solution. 

 Sparrow et at [11] treated the inverse problem using the lap lace 

transform technique; a solution for the transformed temperature is obtained in 

convenient manner. In turn the two constant of integration may be eliminated 

by thermal symmetry requirement in recent with solids, and the internal 

response. At this stage the resultant temperature expression cannot be 
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inverted, consequently a special g-function is introduced for this purpose, but 

unfortunately, the integral must be evaluated numerically.   

 Imber and Khan [12] tried to solve a non-dimensional IHC, using a 

measured data from several interior thermocouples, and making an 

extrapolation to the surface by a curve- fitting procedure. Clearly this method 

is undesired since for large surface the temperature gradient are significant in 

the vicinity of the boundary and the curve-fit cannot affect this behavior. 

 Burggraf [13] their found the exact solution for the instantaneous 

surface heat flux for a given continuous temperature and heat flux histories at 

given internal point. When Burggraf’s equation is utilized with discrete or 

experimental data, the results are also approximate. 

 Osman and Beck [14] used Sequential future information Method 

(SFIM) for solving non-linear two-dimensional inverse heat transfer 

coefficient problem (IHTCP). He suggested that the estimation of the 

convection boundary condition at a time tm from interior temperature data 

must depended not only on the data up to tm but also those several future time 

steps. The use of temperature future information and least squares is sable for 

the solution of IHCP. 

 Beck [15] used the function specification Method (FSM) for solving 

the time inverse problems. The FSM has two such features that it lets 

problems that are parabolic remain almost parabolic and that linear problem 

remains linear. Furthermore, this method can be used for convolution integral 

equation and various inverse boundary or volumetric source problems in 

diffusion that are formulated using partial differential equation. 

 Beck [16] used the FDM to present a suitable method for treating 

problems with non-linear thermal problems. He assumed that the material 

properties during a very small time interval is constant, also his method 

depends upon the number of data (temperature or heat flux) measurements. 
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 Majeed [17] introduced a comprehensive FE package, which is capable 

to analyze both steady and transient heat conduction problems. This package 

has been used to solve thee dimensional, two dimensional and ax symmetrical 

heat conduction problems. The influence of composite material, the heat 

generation, and the nonlinearity of material properties has been taken in 

consideration while construction his package. He also discusses the general 

definition of the inverse method using FE analysis.  

 Martin et al [18] uses the inverse boundary element method procedure 

to determine the unknown heat transfer coefficient on the surface of arbitrary 

shaped solids. The procedure that he used is non-iterative and cost effective, 

involving only a simple modification to any existing steady-state heat 

conduction BEM algorithm. 

 Jafar.M.H [19] designed an experimental system and installed in the 

reactor building, to investigation the depressurization effects in an annular test 

section. Liquid Freon-113 was chosen to model forced convection heat 

transfer occurring in light water nuclear reactor. The experimental system was 

used with maximum operation pressure pf 193.9 kN/m2 and the test condition 

covers a range of initial circulation velocities up to .55 m/sec. The maximum 

value of electrical heat supply to the test section was 1800 watt. Continuous 

recording were made of pressure, temperature at the test section during a 

sudden pressure reduction process. Thermodynamic non-equilibrium was 

found experimentally from measuring both the pressure and temperature of 

the coolant at the outlet of the test section during the blow down. The local 

heat transfer coefficient was found to increase throughout the blow down. The 

local surface temperature of the inner heated rod of the annular test section 

decreased during the transient mainly due to the agitation and turbulence in 

the bulk of the flowing Liquid as a result of bubble formation.   
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 Nabras.H.G [20] investigated for the calculation of the temperature 

and heat flux distribution effect for the steady and transient case for a rocket 

engine case. This is done by using two numerical methods, Finite Element 

method and boundary element method. The use of these two methods were 

classified into two parts, in the first one the domain of the rocket engine case 

was treated as a direct problem in which all the boundary condition are 

known, while in the second one the domain was treated again but with 

consideration it as an inverse problem, where the temperature measurements 

are made at the outer surface of the rocket engine so as to predict the inner 

wall condition. The inverse technique was also used to predict the heat 

transfer and physical properties such as the heat transfer coefficient, thermal 

conductivity of the material. The results showed that the boundary Element 

method algorithm is more accurate in most cases than finite Element method. 

Comparison of the studied cases with exact and published results showed 

good agreement. 

 Poots [21] used the approximate integral-method of boundary layer 

theory in fluid dynamics to obtain information a heat conduction problems 

involving a moving two-dimensional solidification front. The sample treated 

in his investigation is solidification of a uniform prism having a square cross 

sectional and filled with liquid initially at its fusion temperature. His results 

about the location and time history of the front are in good agreement with 

other published results. 

 Beaubouef [22] analyzed the freezing of the solid phase from fluid 

flowing past a cold surface. The time dependent local solid layer thickness 

and the time dependent temperature distribution in the solid phase were 

determine as a function of pertinent physical properties, the surface 

temperature and the surface convection heat flux. The latter may be a function 

of stream wise coordinate. He uses a numerical solution to solve the problem. 
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Stephan [23] calculated the solidification in flowing liquids along a 

plane wall pr through a pipe, with the assumption of finite ambient heat 

transfer, and an imposed or known heat flux to the solid-liquid interface. Very 

good approximate was obtained of in the solid phase a parabolic temperature 

distribution was is assumed which satisfies all boundary condition and agrees 

with energy equation only at the solid fluid interface. 

Bekermann [24] studied the effect of a solid sub cooling on natural 

convection melting of a pure metal. He found that the solid sub cooling 

significantly reduces the melting rate when compared to melting with the 

solid at fusion temperature of, because when the cooled wall is below the 

fusion temperature of the metal, the solid-liquid interface eventually reaches 

the stationary position. 

Nazar [25] numerical solution using enthalpy method with body fitted 

coordinate system was used for solving three-dimensional transient heat 

transfer with phase change. This solution was used to estimate the shape and 

ice thickness with time around three vertical cylinders located in square 

insulated bath in addition to temperature distribution in solid and liquid 

phases. Also this solution was used to study the effect of boundary conditions 

on the shape and thickness of formatted ice with time. Experimental work 

involves building an apparatuses of three vertical circular cylinder located at 

staggered form in square insulated bath; ice thickness and temperature 

distribution with time in solid and liquid phases around each cylinder was 

measured. 

Vick [26] studied freezing and melting with multiple phase fronts along 

the outside of a tube. The fluid temperature at the tube inlet cycles above and 

below the freezing temperature of the phase change material (PCM). 

Boundary element method is used to obtain a transient solution in each axial 

 
 

12 

http://cbs.wondershare.com/go.php?pid=1140&m=db


segment. Axial conduction is neglected and the problem is discredited into 

axial segments. 

 

2.3 Summery 
 As mentioned above, there is a decrease in the information of heat 

transfer from cylinder wall as unsteady state conduction when the pressure 

inside a duct is changed, then the aim of this work is adding many 

information for this project.   
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Chapter Three 
Theory 

 

3.1 Introduction 
There are two states of heat transfer from out side surface of cylinder, 

steady state and unsteady state. In this work, the unsteady state conduction 

will be studied but the steady state will be explained briefly as the following: -                     

While the engineer may frequently be interested in the heat-transfer 

characteristics of flow system inside tubes or over flat plates, equal 

importance must be placed on the heat transfer which may be achieved by a 

cylinder in cross flow, as shown in figure (3.1). When a body is held 

immersed in a flowing liquid, a thin layer of the liquid will behave as if it is 

fixed to the boundary of the body. But if the immersed body is a curved or 

angular one, the boundary layer does not stick not stick to the whole surface 

of the body. The boundary layer leaves the surface and gets separated from it. 

This phenomenon is known as boundary layer separation. The point, where 

the boundary layer gets separated from the surface of the body, is known as 

point of separation. Prandtl, after publishing his boundary layer theory, 

conducted series of experiments on boundary layer separation also. He held a 

cylinder in flowing liquid and sprinkled small particles of aluminum on the 

surface of the liquid. He allowed the liquid to flow around the cylinder, and 

found that the boundary layer has adhered to the surface of the cylinder 

throughout. The liquid also flowed in streamlines around the cylinder as 

shown in fig 12.6 (a). After this, he went on gradually increasing the velocity 

of liquid. After certain velocity, he found the streamlines at D started becomes 

irregular. On further increasing the velocity of liquid, he found that the 

boundary has separated from the surface on both sides of D and vortices have 
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started to from as shown in fig 12.6 (b). He further went on increasing the 

velocity of liquid and found that the separation of boundary layer is taking 

place earlier and earlier; forming more pronounced vortices. After this, a 

stage came, when the separation of boundary layer took place at A and B as 

shown in fig 12.6 (c) [3]. 

 Unsteady state conduction in a solid body suddenly to a change in 

environment has been extensively and thoroughly treated in Holman, heat 

transfer, McGraw Hill, 1986, chapter 4.See also chapters 6and 7 for heat 

transfer by forced and natural convection [1]. 

There are Three cases of transient conduction: - 

Case 1:  

Transient conduction in solid bodies with negligible internal resistance 

(lumped capacitance system). 

Case 2: 

 Transient conduction in a semi-infinite solid. 

Case 3: 

 Transient conduction in infinite solid. 

In this search, case one of transient conduction in solid bodies with 

negligible internal resistance (Lumped capacitance system) will be studied.    

 If a hot aluminum cylinder were immersed in a cool pan of air, the 

lumped-heat-capacity method of analysis might be used if an assumption of 

uniform cylinder temperature was justified during the cooling process. 

Clearly, the temperature distribution in the cylinder would depend on the 

thermal conductivity of the cylinder material and the heat-transfer condition 

from the surface of the cylinder to the surrounding fluid, i.e., the surface-

convection heat-transfer coefficient. A reasonable uniform temperature 

distribution in the cylinder would be obtained if the resistance to heat transfer 

by conduction were small compared with the convection resistance at the 
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surface, so that the major temperature gradient would occur through the fluid 

layer at the surface. The lumped-heat-capacity analysis, then, is one, which 

assumes that the internal resistance of the body is negligible in comparison 

with the external resistance [1]. 

3.2 Problem Description  
The convection heat loss from a body is evidenced as a decrease in the 

internal energy of the body, as shown in Figure (3.2). Thus 

 

       
dt
dTVcTT ρ−=∞− )(hAq =  

 

Where A is the surface area, for convection and V is the volume, the 

initial condition is  

 

    T=To      at t=0 

 

So that the solution is 

tcVhA

o

e
TT
TT ]/[ ρ−

=
∞−
∞−

 

 

 

 
 
 
 
 
 
 

Fig (3.2)  
Nomenclature for 
single-lump heat-
capacity analysis 

hA
1

th ρ

∞ dt S 
To 

q=hA(T-T )=- c dTVρ   

 

T∞  

C = CV  
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Where T∞  is the temperature of the convection environment. The 

thermal network for the single-capacity system is shown in Fig (3-2). In this 

network the thermal capacity of the system is “charged” initially at the 

potential to by closing the switch S. Then, when the switch is opened, the 

energy stored in the thermal capacitance is dissipated through the resistance 

1/hA. The analogy between this thermal system and an electric system is 

apparent, and an electric system was constructed, which would behave exactly 

like the thermal system as long as the ratio was made 

ththCRcV
hA 1

=
ρ

             
hA

Rth
1

=     cVCth ρ=

Equal to 1/R C e , where R e  and the electric resistance and capacitance, 

respectively. In the thermal system, energy was stored, while in the electric 

system we store electric charge. The flow of energy in the thermal system is 

called heat, and the flow of charge is called electric current. The quantity 

c V/hA is called the time constant of the system because it has the 

dimensions of time [1]. When  

e

ρ

                                            
hA
Vcρ

τ =  

It is noted that the temperature difference T-T  has a value of 36.8 

percent of the initial different T

∞

o- T . We have already noted that the 

lumped-capacity type of analysis assumes a uniform temperature distribution 

throughout the solid body and that the assumption is equivalent to saying that 

the surface-convection resistance is large compared with the internal-

conduction resistance. Such an analysis may be expected to yield reasonable 

estimates within about 5 percent when the following condition is met  

∞

  1.0)/(
<

k
AVh  
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Where k is the thermal conductivity of the solid. In section which we 

examine those situations for which this condition does not apply. We shall see 

that the lumped-capacity analysis has a direct relationship to the numerical 

methods discussed in Sec. (4-7). If one consider the ratio V/A=S as a 

characteristic dimension of the solid, the dimensionless group is called the 

Biot number 

=
k
hS Biot number =Bi 

The reader should recognize that there are many practical cases where 

the lumped-capacity method may yield good result. Uncertainties in the 

knowledge of the convection coefficient of 25 percent are quite common, so 

that the condition Bi=h (V/A)/k<0.1 should allow for some leeway in 

application. Do not dismiss lumped-capacity analysis because of its 

simplicity. Because of uncertainties in the convection coefficient, it may not 

be necessary to use more elaborate analysis techniques. If the temperature 

distribution in solid (in this case the cooled cylinder) is uniform, a simple 

equation for the unsteady bulk temperature of the cylinder should be written 

[1]. In this case simple have 

±

E =E   in store

The rate of energy in is simply the amount of heat transfer by 

convection, so we use Newton’s law of cooling E in=hA (T∞ -T). The rate of 

heat stored is equal to the rate of change of internal energy that the thermal 

mass of the solid  by the time derivation of temperature. This gives cVρ

hA (T -T)=∞
t
TcV
∂
∂

ρ  

If  was used as define previously (θ ), it follows thatθθ ∞−= TT o, the 

initial temperature difference is θ o=To-T . Then a solution for unsteady bulk 

temperature would be written 

∞
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  cVhAt

o

e ρθ /−
=

θ
 

If it further writes τ =  this becomes  hAcV /ρ

τ

θ
θ /t

o

e−=  

This definition of τ  is interesting in that it contains the thermal 

convection resistance 1/hA and the heat capacity of the solid “thermal 

capacitance”. Now one more re-write of the unsteady lumped capacitance can 

be done to give a second dimensionless time. If the equation was written 

FoBi

o

e .−=
θ
θ  

It follow that this new variable Fo is defined as 

Fo=α  2/ Lt

This is time made dimensionless with the thermal diffusivity and a 

characteristic length scale. It could be called the Fourier number.  
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Chapter Four 
Experimental Work 

 
4.1 Description of Apparatus 

At the beginning, from Appendix (A), configuration of experimental 

system becomes convenient to the requirements of a present study, only one 

of five test sections at (θ ) is used in this work [2]. A schematic diagram 

and a photograph of the experiment set-up of the apparatus are shown in figs 

(4-1, 4-2) respectively. It consists essentially of an aluminum cylinder (2) of 

out side diameter ( ) and thickness (t

90=

0D c) and length (L) placed horizontally in 

cross flow of air with ends closed by plate of the same material. The inside 

surface of the cylinder is electrically heated by means of a neickal-chromium 

wire (8) (heater) of 1mm diameter, 500W (heat capacity) and 60cm length 

.The wire is electrically insulated by means of ceramic beads and it was 

placed uniformly along the cylinder length as spiral form that is contacted to 

the inside surface of cylinder by ceramic beads that is placed around the wire 

to give uniform heat flux. 

Chromal-Alume thermocouples (1), referred to as type k. This type can 

be used in the temperature range of -200 to 1300 Co. The thermocouple 

position in the wall of the cylinder was drilled with diameter of (1mm) and 

(3mm) deep and the thermocouples were embedded in the wall of the cylinder 

as shown in fig (4-1, 4-2), to measure the out side surface temperature of the 

cylinder at the center of length around the cylinder. 

The number of thermocouples used and their position are listed in table 

(4-1). 
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The duct was slotted vertically to put the cylinder in slot position by 

screw that connecting to the cylinder view nut then the heater on both ends 

was bounded around screw, which bounded to electric source which give 

electric power that was required to the heater. The cylinder placed 

horizontally in a duct which is contains of a cross flow air on the cylinder and 

its heating insulated on both end by (Mica) and fixed on both ends by nut as 

shown in fig (4-1, 4-2). This slot was allowed a cylinder to move up or down 

at different positions then temperature measurement was taken.   

The numbers of cylinder positions are listed in table (4-2). 

 
4.2 Instrumentation & Measuring Devices 

4.2.1 Power Supply to the Heater:  
 The necessary electric current was taken from the 220-v mains. The 

heat generated by the heater could be known by measuring the current and the 

voltage a cross the heater. The electric circuit is shown in fig (4-3).   

 

4.2.2 Temperature Measurement:  
 As mentioned before Chromal-Alume thermocouples were used to 

measure the temperature. They were made of 0.1mm glass covered wires. The 

junctions were made by fusing the ends of two wires together by means of an 

electric spark in an atmosphere free from oxygen. To measure the temperature 

of the out side surface of the cylinder, a digital thermometer was used. 

Selector switch connected the thermocouples to the digital thermometer. One 

of the junctions was connected to the selector and the other was embedded in 

the out side surface of the cylinder. The percent error of temperature and time 

measurement is 1.5%, and 5% respectively. The digital thermometer, 

thermocouples and selector circuit is shown in fig (4-3).             
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4.3 Sample of Calculation 
 

Position of cylinder                                          (1), at Y=3.7cm 

Diameter of cylinder                                         Do=49.6mm =0.0496m 

Length of cylinder                                             L=67mm =0.067m 

The temperature of convection                         T =32.7C∞ ° 

Initial Temperature                                            To =150C° 

Attention Temperature                                       T =50C° 

Thickness of cylinder                                         tc =5mm =0.005m 

The weight of cylinder                                       m =125gm =0.125kg 

The inner diameter of cylinder (Din): -              Din= Do-2t= 49.62(5)=39.6mm 

The volume of cylinder (V): -                             L
DD ino

4
)( 22 −

=
π

V   

                                                                          = ( )( )
3

22

330000469385.0

067.00396.0)0496.0(
4

m=

−
π

  

The density of cylinder (ρ): -                         
3/05707.2663

330000469385.0
125.0

mkg
V
m

=

==ρ  

From Appendix (D-1) at (ρ=2663.05707), the specific heat (C) was found by 

applying the interpolation methods: - 

CkgkjC
C

./8675.0
883.0

863.0883.0
05707.26632787

26592787
=⇒

−
−

=
−

−   

Then: - 

A=π DoL = π ( )      ( ) 201044.0067.00496.0 m=

( )( )( ) 0001028.0
30000469385.08675.005707.2663

01044.0
===

CV
Ac

ρ
 

The slop between two near points was found: - 

12

12

tt
yy

S
−
−

=                                                                   y2 at T=50 C° 
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                                                                                             y1 at T=150 C° 

7.32150
7.3250lnln 2

2 −
−

=
−
−

=
∞

∞

TT
TT

y
i

=  914.1−

0ln 1
1 =

−
−

=
∞

∞

TT
TT

y
i

 

t1=0 at T=130 C°, t2=309 at T=50 C° 

∴ 006194.0
0309

0914.1

12

12 −=
−
−−

=
−
−

=
tt
yy

S  

-hc= slop =-0.006194 

-h (0.00018028) =-0.006194 

h=60.2529w/m2.C  o

From Appendix (D-2) at (T ∞ =32.7 Co), the thermal conductivity of air was 

found by applying the interpolation method:- 

ocmwK
K

./0266843.
03003.

02624.03003.
85.305350

300350 2=⇒
−

−
=

−
−  

 9982.111
0266843.

)0496.0(2529.60
===∴

K
hDNu  
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Table (4-1) Thermocouple Position 

 

 

 

 

 

 

 

 

 

 

 

 

 

No Cylinder (degree) 

1 ϑ =0 

2 ϑ =30 

3 ϑ =60 

4 ϑ =90 

5 ϑ =120 

6 ϑ =150 

7 ϑ =180 

8 ϑ =210 

9 ϑ =240 

10 ϑ =270 

11 ϑ =300 

12 ϑ =330  

 

Table (4.2) Cylinder Positions 

No of position (cm) 

1 3.7 

2 7.75 

3 11.5 

4 15.25 

5 19 
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4-1-a 

     
1. Chromal-Alume thermocouple position. 
2. Aluminum cylinder of thickness (tc= 5 mm), diameter 

(Do=49.6mm) and length (L= 67 mm). 
3. Ceramic bead. 
4. Screw and net. 
5. Glass wool. 
6. Glass wool. 
7. Fiber glass. 
8.  Heater. 
9. Diameter of the thermocouple position in the cylinder (d =1 mm). 
10. Deep of the thermocouple position in the cylinder ( =3.5mm). l

11. The plate of the same material. 

 26 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 1 

3 

D ο  

�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������
�����������������������������������������������������

������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������
������������������������������������������������

����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������
����������������������������������������������

�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������
�������������������������������������������

7 
8 

9 

10 

11 

12 

A 

8 

11 

Figure (4-1): Schem
 

1. Chromal-Alume the
2. Aluminum cylinder

and length (L= 67 m
3. Ceramic bead. 
4. Screw and net. 
5. Glass wool. 
6. Glass wool. 
7. Fiber glass. 
8.  Heater. 
9. Diameter of the ther
10. Deep of the thermoc
11. The plate of the sam

 

 

 

 

d 
l

1 

2 

���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������

�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������
�����������������

���������������
���������������
���������������
���������������
���������������
���������������
���������������
���������������
���������������
���������������
���������������

�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������
�����������

2

3

4 

5 

6 

1 

2

A 

3 

 
4-1-b 

atic illustration for the experimental system. 

rmocouple position. 
 of thickness (tc= 5 mm), diameter (Do=49.6mm) 
m). 

mocouple position in the cylinder (d =1 mm). 
ouple position in the cylinder ( =3.5mm). l

e material. 

l  

27 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 

T
ab

le
(

D
-1

)

 D-1 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 
 

 

Table ( D-2 ) 

 

 D-2 

http://cbs.wondershare.com/go.php?pid=1140&m=db


Certification 
 

I certify that this thesis titled” study the effect of non-uniform 

flow on heat transfer coefficient of a cylinder wall” was prepared by 

Fady Sabah Al-kuraishy under my supervision at Al-Nahrain 

University, College of Engineering, in partial fulfillment of the 

requirements for the degree of Master of Science in Mechanical 

Engineering. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                   Signature: 
                                                                    
                                                                   Name: Prof. Dr. K. A. Ismael 
                                                                              (Supervisor) 
                                                              Date: 19 / 9 / 2004 
 
                                                                   Signature: 
                                                                
                                                              Name: Prof. Dr. H. Tawfiq 
                                                                        (Head of Department) 
                                                              Date:          /      / 2004 
  

 
 

 

 I 

http://cbs.wondershare.com/go.php?pid=1140&m=db


Certificate 
 

We certify, as an examining committee, that we have read the 

thesis titled “study the effect of non-uniform flow on heat transfer 

coefficient of a cylinder wall” and examined the student Fady Sabah 

Al-Kuraishy and found that the thesis meets the standard for the degree 

of Master of Science in Mechanical Engineering.    

 

 
Signature:                                                Signature: 
 
Name: Prof.                                             Name: Dr. A. A. AL- Qalamchi  
         Dr. K. A. Ismael                                                  (Member) 
             (Supervisor)                                                  
Date: 19 / 10 / 2004                                   Date: 19 / 10 / 2004 

      
                                                              
 Signature:                                                 Signature:                                                              
                                                    
 Name: Assist. Prof.                                Name: Assist. Prof. Dr.  
        Dr. Asaad T. AL- Omran                    Khalil. E. J. AL- Jumaily                     
                      (Member)                                             (Chairman)  
Date: 22 / 10 / 2004                          Date: 20 / 10 / 2004                                        

 

 
                                                 
                                                              
Approval of the College of Engineering 
 
                                                  Signature: 
                                                                  
                                                      Name: Prof. Dr. Fawzi M. AL- Naima 
                                                          (Dean of College of Engineering)                           
                                                                        
                                                           Date:     /   / 

 II 

http://cbs.wondershare.com/go.php?pid=1140&m=db


  

 III 

http://cbs.wondershare.com/go.php?pid=1140&m=db


220 V

Heater

A

V

Thermometer

Selector switch

Thermocouple

 
 
 

 

Figure (4-3): The circuit of the digital thermometer, thermocouples and 

selector. 
29 

http://cbs.wondershare.com/go.php?pid=1140&m=db


Flow Chart of Work Procedure 

w 

o

The Temperature was measured 
by thermocouple & thermometer 

End 

The cylinder is placed in 
a duct at some position 

Start 

The heater was 
switched off 

The heater of 
cylinder was 
switched on 

The temperature of cylinder 
was decreased until attain a 
temperature of (50) c

The blower was 
switched on then 
the air will be flo
across the cylinder 

The Temperature was measured 
by thermocouple & thermometer 

The Temperature of cylinder 
was increased until reach some 
uniform Temperature of (To) 
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Chapter Five 
Results and Discussion 

 

5.1 Introduction 
 This chapter will include an investigation for the experimental and 

computational result, which observed in this study. 

 

5.2 Experimental Work 
 The experimental results shown in this chapter are obtained for four-

cylinder position with different reference temperature by using MATLAP 

6.1 computer program. Results for one test section are repeated for four-

cylinder position according to each value of reference temperature (To), 

which is supplied at the cylinder. These results are divided into four groups: 

- 

a- Determination for the variation of temperature with time interval. 

b- Determination for the variation of (ln (T-T )/ (T∞ o- T )) with time 

interval. 

∞

c- Determination for the variation of temperature with time interval at 

some reference temperature (To) and with different cylinder position. 

d- Determination for the variation of temperature ratio of (T/Tmax) with 

time ratio of (t/tmax).   

      

5.2.1 Variation of surface temperature with time interval: 
The measured surface temperature of the cylinder is plotted against 

time interval as shown in figures (5.1-5.4) for different cylinder positions 
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(Y=3.7, 7.75, 15.25,19 cm). The variation of (ln (T-T )/ (T∞ o- T )) with time 

is shown in figures (5.5-5.44). It is shown that this variation is linear with 

time with decreasing slope. From figures (5.1-5.4) the variation of 

temperature ratio (T/T

∞

max) against time ratio (t/tmax) will be obtained as 

shown in figures (5.55-5.58). The heat capacity of the material of a cylinder 

will be increased and also temperature difference will be increased as 

reference temperature (To) is increased, by the way the temperature 

difference depend on transient conduction equation that will be effected on 

the rate of heat transfer that means the rate of heat transfer will be increased 

as (To) is increased, because all of these, the rate of decreasing in 

temperature with time will be increased as (To) increased. As can be seen 

they have the same general shape shown in figures (5.59). In (a b) region the 

temperature decrease rapidly along the curve and spanned little time 

comparing with region of (b c) that spanned much time and the temperature 

in the region (b c) decreases gradually along the curve because of 

temperature difference (T-5o) in the region (a b) is high then the rate of heat 

transfer will be very quickly but at the region (b c) the temperature 

difference is low then the rate of heat transfer will be very slow. The pattern 

flow on each cylinder position was show in figures (5.60-5.63). At some 

reference temperature (To) with different cylinder position, the measured 

surface temperature of the cylinder is plotted against time at that moment 

shown in figures (5.45-5.54). At each figures the rate of decreasing in 

temperature with time at that moment will be increased as cylinder position 

is increased because of cylinder position associated will air flow that means, 

cylinder position (Y=3.7,7.75 cm) is placed in front of airflow in duct but 

cylinder position (Y=15.25 cm) is placed in front of discontinues region and 

the cylinder position (Y=19 cm) is placed in a dead zone that effected on the  
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the Rate of heat transfer from each cylinder is decreased as cylinder position 

is increased.  

 
Figure (5.1) the variation of surface temperature against time interval 

 
Figure (5.2) the variation of surface temperature against time interval. 
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Figure (5.3) the variation of surface temperature against time interval. 

 
Figure (5.4) the variation of surface temperature against time interval. 
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Figure (5.5) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm).   
(T=150,140,130,120,110,100,90,80,70,60,50). 

 

 38 

Figure (5.6) the variation of (ln
iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm) 
(T=140,131,122,113,104,95,86,77,68,59,50) 
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Figure (5.7) the variation of (ln

iθ
θ ) against time interval. 

 (Position of cylinder=3.7 cm) (T=130,122,114,106,98,90,82,74,66,58,50). 

 
                                                                   Figure (5.8) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm) 
(T=120,113,106,99,92,85,78,71,64,57,50). 
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Figure (5.9) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm). (T=110,104,98,92,86,80,74,68,62,56,50). 

 
Figure (5.10) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm). 
(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.11) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=3.7 cm). (T=90, 86, 82, 78, 74, 70, 66, 62, 58, 50). 

 
Figure (5.12) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=3.7 cm). 
(T=80,77,74,71,68,65,62,59,56,53,50). 
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Figure (5.13) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=3.7 cm). (T=70,68,66,64,62,60,58,56,54,52,50). 

 
Figure (5.14) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=3.7 cm). (T=60,59,58,57,56,55,54,53,52,51,50). 
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Figure (5.15) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=7.75cm)(T=150,140,130,120,110,100,90,80,70,60,50). 

 θ
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Figure (5.16) the variation of (ln
iθ
) against time interval. 

(Position of cylinder =7.75cm). 
(T=140,131,122,113,104,95,86,77,68,59,50). 
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Figure (5.17) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=7.75 cm). (T=130,122,114,106,98,90,82,74,66,58,50). 

 

 

Figure (5.18) the variation of (ln
iθ
θ ) against time interval. 

(Position of cylinder=7.75 cm). 
(T=120,113,106,99,92,85,78,71,64,57,50). 
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Figure (5.19) the variation of (ln

i

θ
θ

) against time interval. 

 (Position of cylinder=7.75 cm). (T=110,104,98,92,86,80,74,68,62,56,50). 

 
Figure (5.20) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=7.75 cm). 
(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.21) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=7.75 cm). (T=90, 86, 82, 78, 74, 70, 66, 62, 58, 50). 

 
Figure (5.22) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=7.75 cm). 
(T=80,77,74,71,68,65,62,59,56,53,50). 
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Figure (5.23) the variation of (ln

i

θ
θ

) against time interval. 

 (Position of cylinder=7.75 cm). (T=70,68,66,64,62,60,58,56,54,52,50). 

 
 Figure (5.24) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=7.75 cm). 
(T=60,59,58,57,56,55,54,53,52,51,50). 
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Figure (5.25) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=15.25cm). 
(T=150,140,130,120,110,100,90,80,70,60,50). 

 

Figure (5.26) the variation of (ln
iθ
θ ) against time interval. 

(Position of cylinder=15.25 cm). 
(T=140,131,122,113,104,95,86,77,68,59,50). 
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Figure (5.27) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=15.25 cm). 
(T=130,122,114,106,98,90,82,74,66,58,50). 

 

 

 
Figure (5.28) the variation of (ln
iθ
θ ) against time interval.

 (Position of cylinder=15.25 cm). 
(T=120,113,106,99,92,85,78,71,64,57,50). 
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Figure (5.29) the variation of (ln

i

θ
θ

) against time interval. 

 (Position of cylinder=15.25 cm). (T=110,104,98,92,86,80,74,68,62,56,50). 

 
Figure (5.30) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=15.25 cm). 
(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.31) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=15.25 cm). (T=90, 86, 82, 78, 74, 70, 66, 62, 58, 50). 

 
Figure (5.32) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=15.25 cm). 
(T=80,77,74,71,68,65,62,59,56,53,50). 
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Figure (5.33) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=15.25 cm). (T=70,68,66,64,62,60,58,56,54,52,50). 

 
Figure (5.34) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=15.25 cm). 
(T=60,59,58,57,56,55,54,53,52,51,50). 
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Figure (5.35) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=19cm). (T=150,140,130,120,110,100,90,80,70,60,50). 

 

 

 Figure (5.36) the variation of (ln
iθ
θ ) against time interval. 

(Position of cylinder=19 cm). 
(T=140,131,122,113,104,95,86,77,68,59,50). 
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Figure (5.37) the variation of (ln

i

θ
θ

) against time interval. 

 (Position of cylinder=19 cm). (T=130,122,114,106,98,90,82,74,66,58,50). 

 
 Figure (5.38) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=19 cm). 
(T=120,113,106,99,92,85,78,71,64,57,50). 
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Figure (5.39) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=19 cm). (T=110,104,98,92,86,80,74,68,62,56,50). 

 
 Figure (5.40) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=19 cm). 
(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.41) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=19 cm). (T=90, 86, 82, 78, 74, 70, 66, 62, 58, 50). 

 
 

 

Figure (5.42) the variation of (ln
iθ
θ ) against time interval. 

(Position of cylinder=19 cm). 
(T=80,77,74,71,68,65,62,59,56,53,50). 
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Figure (5.43) the variation of (ln

i

θ
θ

) against time interval. 

(Position of cylinder=19 cm). (T=70,68,66,64,62,60,58,56,54,52,50). 

 
Figure (5.44) the variation of (ln

iθ
θ ) against time interval. 

(Position of cylinder=19 cm). 
(T=60,59,58,57,56,55,54,53,52,51,50). 
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Figure (5.45) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 

 
Figure (5.46) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 
 

 58 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 
Figure (5.47) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 

 
Figure (5.48) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 
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Figure (5.49) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 

 
Figure (5.50) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 
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Figure (5.51) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 

 
Figure (5.52) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 
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Figure (5.53) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 

 
Figure (5.54) variation of temperature against time interval for different 

cylinder position at some reference temperature (To). 
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Figure (5.55) variation of temperature ratio (T/To) against time ratio (t/tmax). 

 
Figure (5.56) variation of temperature ratio (T/To) against time ratio (t/tmax). 
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Figure (5.57) variation of temperature ratio (T/To) against time ratio (t/tmax). 

 
Figure (5.58) variation of temperature ratio (T/To) against time ratio (t/tmax). 
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Figure (5.59): General Shape of Temperature Variation 
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5.3 computational Results 
From the experimental results, theoretical results proposed in this 

chapter are obtained by using MATLAP 6.1 computer program. For each 

reference temperature (To), two parameters were carried out for the purpose 

of the discussion. These parameters were summarized as the heat transfer 

coefficient and Nusselt number. These results are divided into four groups:- 

 

a. Determination for the variation of local heat transfer coefficient and 

Nusselt number with time interval. 

b. Determination for the variation of mean heat transfer coefficient and 

Nusselt number with time or cylinder position. 

c. Determination for the variation of heat transfer coefficient and 

Nusselt number with temperature ratio of (T/Tmax). 

d. Determination for the variation of average heat transfer coefficient 

and Nusselt number with cylinder position   

 

5.3.1 Variation of (hlocal) and (Nulocal) with time interval. 
From figure (5.1-5.4) and by using MATLAB 6.1 program, the local 

heat transfer coefficient5 and Nusselt number with time at that moment will 

be obtained as shown in figures (5.64-5.83). At same reference temperature 

(To) with different cylinder position, the local heat transfer coefficient and 

Nusselt will be increased because of temperature deference is decreased 

depending on transient conduction equation. The rate of increasing in local 

heat transfer coefficient and Nusselt number with time at that moment will 

be increased as cylinder position associated with air flow that means, the 

cylinder position (Y=19 cm) is placed in dead zone that is means with out air 
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then the rate of heat transfer coefficient will be very slow, the cylinder 

position (Y=15.25 cm) is placed in front of discontinues wall then the rate of 

heat transfer is larger then at cylinder position (Y=19 cm) but is less than 

cylinder position (Y=3.7,7.75 cm ) that is placed in front of air flow in a duct 

then the rate of heat transfer is larger then them that means, the rate of heat 

transfer will be decreased as cylinder position is increased. 
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Figure (5.64) the variation of local heat transfer coefficient against time                           
                      interval.(T=150,140,130,120,110,100,90,80,70,60,50). 

 
Figure (5.65) the variation of local heat transfer coefficient against time       

              interval.(T=140,131,122,113,104,95,86,77,68,59,50). 
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Figure (5.66) the variation of local heat transfer coefficient against time 

            interval.(T=130,122,114,106,98,90,82,74,66,58,50). 

 
Figure (5.67) the variation of local heat transfer coefficient against time 

           interval.(T=120,113,106,99,92,85,78,71,64,57,50). 
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Figure (5.68) the variation of local heat transfer coefficient against time  

         interval.(T=110,104,98,92,86,80,74,68,62,56,50). 

 
Figure (5.69) the variation of local heat transfer coefficient against time 

      interval.(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.70) the variation of local heat transfer coefficient against time 

    interval.(T=90,86,82,78,74,70,66,62,58,54,50). 

 
Figure (5.71) the variation of local heat transfer coefficient against time 

    interval.(T=80,77,74,71,68,65,62,59,56,53,50). 
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Figure (5.72) the variation of local heat transfer coefficient against time 

     interval.(T=70,68,66,64,62,60,58,56,54,52,50). 

 
Figure (5.73) the variation of local heat transfer coefficient against time 

    interval.(T=60,59,58,57,56,55,54,53,52,51,50). 
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Figure (5.74) the variation of local Nusselt number against time interval. 

(T=150,140,130,120,110,100,90,80,70,60,50). 

 
Figure (5.75) the variation of local Nusselt number against time interval. 

(T=140,131,122,113,104,95,86,77,68,59,50). 
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Figure (5.76) the variation of local Nusselt number against time interval. 

(T=130,122,114,106,98,90,82,74,66,58,50). 

 
Figure (5.77) the variation of local Nusselt number against time interval. 

(T=120,113,106,99,92,85,78,71,64,57,50). 
 

 78 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 
Figure (5.78) the variation of local Nusselt number against time interval. 

(T=110,104,98,92,86,80,74,68,62,56,50). 

 
Figure (5.79) the variation of local Nusselt number against time interval. 

(T=100,95,90,85,80,75,70,65,60,55,50). 
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Figure (5.80) the variation of local Nusselt number against time interval. 

(T=90,86,82,78,74,70,66,62,58,54,50). 

 
Figure (5.81) the variation of local Nusselt number against time interval. 

(T=80,77,74,71,68,65,62,59,56,53,50). 
 

 80 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 
Figure (5.82) the variation of local Nusselt number against time interval. 

(T=70,68,66,64,62,60,58,56,54,52,50). 

 
Figure (5.83) the variation of local Nusselt number against time interval. 

(T=60,59,58,57,56,55,54,53,52,51,50). 
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5.3.2 Variation of (hm) with (Num) with time with cylinder 

position. 
From each curve in figure (5.64-5.83), the mean heat transfer 

coefficient and Nusselt number will be obtained by using MATLAB 6.1 and 

plotted against time that the temperature (T=50) will be obtained at some 

reference temperature (To) as shown in figures (5.105-5.124) or a against 

cylinder position at time that (T=50) will be obtained as shown in figures 

(5.84-5.103). As mentioned before that the rate of heat transfer will be 

decreased as cylinder position is increased because of the pattern flow on 

each cylinder shown in figure (5.60-5.63). So, because all of these, the mean 

heat transfer coefficient and mean Nusselt number will be decreased as 

cylinder position or time is increased. As can be seen they have the general 

shape shown in figure (5.104-5.125). Between point (a) and (b) the 

temperature decreases rapidly along a curve. After point (b) the rate of 

decreases of temperature with time or cylinder position increases and (b-c) is 

approximately a straight line beyond point (c) and until the end of the 

cylinder position or time the temperature drops gradually with the increases 

of time or cylindrical position. To explain the shape of the curve in figures 

(5.104-5.125) the case of the pattern flow on each cylinder position shown in 

figures (5.60-5.63) will first be examined, that means the cylinder position 

(Y=3.7, 7.75 cm) in (a b) region is placed in from of air flow then the rate of 

heat transfer is large than other cylinder position, cylinder position (y=15.25 

cm) that it is place In front of discontinues wall that means the rate of heat 

transfer less than them but it is larger than cylinder position (Y=19 cm) that 

it is placed in a dead zone with out air that means the rate of heat transfer is 

less than them and also, the slope of curve in figures (5.105-5.124)will be 
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deceased as reach to dead zone until become zero at dead zone ((i.e. no 

change in mean heat transfer coefficient and Nusselt number with time at 

dead zone because of low effected of flow)).   
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Figure (5.84): the variation of mean heat transfer coefficient to attain 

temperature of 50 Co against position of cylinder. 
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 Figure (5.85): the variation of mean heat transfer coefficient to 
attain temperature of 50 Co against position of cylinder. 
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Figure (5.86): the variation of mean heat transfer coefficient to attain 

temperature of 50 Co against position of cylinder. 
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 Figure (5.87): the variation of mean heat transfer coefficient 

to attain temperature of 50 Co against position of cylinder. 
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Figure (5.88): the variation of mean heat transfer coefficient to attain 

temperature of 50 Co against position of cylinder. 
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Figure (5.89): the variation of mean heat transfer coefficient 
to attain temperature of 50 Co against position of cylinder. 

 

 86 

http://cbs.wondershare.com/go.php?pid=1140&m=db


 

0.00 4.00 8.00 12.00 16.00 20.00
Cylinder Position (cm)

20.00

30.00

40.00

50.00

 
To=90 Co  

 
 
 
 
 

m
 (w

/m
2 .c

o ) 

 
 
 
 

 87 

0.00 4.00 8.00 12.00 16.00 20.00
Cylinder Position (cm)

20.00

30.00

40.00

50.00

Figure (5.90): the variation of mean heat transfer coefficient to attain 
temperature of 50 Co against position of cylinder. 
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Figure (5.91): the variation of mean heat transfer coefficient to 

attain temperature of 50 Co against position of cylinder 
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Figure (5.92): the variation of mean heat transfer coefficient to attain 
temperature of 50 Co against position of cylinder. 
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Figure (5.93): the variation of mean heat transfer coefficient to 

attain temperature of 50 Co against position of cylinder. 
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Figure (5.94): The variation of mean Nusselt number to attain 
temperature of 50 Co against position of cylinder. 
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Figure (5.95): The variation of mean Nusselt number to attain 
temperature of 50 Co against position of cylinder. 
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 Figure (5.96): The variation of mean Nusselt number to attain 

perature of 50 Co against position of cylinder.  tem
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Figure (5.97): The variation of mean Nusselt number to attain 
temperature of 50 Co against position of cylinder. 
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 Figure (5.98): The variation of mean Nusselt number to attain 

temperature of 50 Co against position of cylinder.  
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 Figure (5.99): The variation of mean Nusselt number to attain 

temperature of 50 Co against position of cylinder. 
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 Figure (5.100): The variation of mean Nusselt number to attain 

temperature of 50 Co against position of cylinder.  
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 Figure (5.101): The variation of mean Nusselt number to attain 

temperature of 50 Co against position of cylinder. 
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 Figure (5.102): The variation of mean Nusselt number to attain 

temperature of 50 Co against position of cylinder.  
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Figure (5.103): The variation of mean Nusselt number to attain

temperature of 50 Co against position of cylinder. 
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 Figure (5.104): General shape of mean heat transfer coefficient 

and Nusselt number. 
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Figure (5.105) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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 Figure (5.106) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.107) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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 Figure (5.108) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.109) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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 Figure (5.110) the variation of mean heat transfer coefficient against time 

to attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.111) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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 Figure (5.112) the variation of mean heat transfer coefficient against time 
to attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.113) the variation of mean heat transfer coefficient against time to 

attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.114) the variation of mean heat transfer coefficient against time 
to attain temperature of 50 Co. (position of cylinder=3.7, 7.75, 15.25, 19). 
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Figure (5.117) the variation of mean Nusselt number against time to attain 
temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.118) the variation of mean Nusselt number against time to attain 
temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.119) the variation of mean Nusselt number against time to attain 
temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.120) the variation of mean Nusselt number against time to attain 

temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.121) the variation of mean Nusselt number against time to attain 
temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.122) the variation of mean Nusselt number against time to attain 

temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.123) the variation of mean Nusselt number against time to attain 

temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.124) the variation of mean Nusselt number against time to attain 

temperature of 50 Co. (position of cylinder=3.7, 7.75, 11.5, 15.25, 19). 
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Figure (5.125): General shape of mean heat transfer coefficient 

and Nusselt number.  
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5.3.3 Varuation of (hm) and (Num) with temperature ratio 

(T/Tmax). 
 From each curve in figures (5.64-5.83) , the mean heat transfer 

coefficient and Nusselt number will be obtained at temperature of 50 co, then 

it is plotted against temperature ratio of (T/Tmax) shown in figure (5.126-

5.127).As mentioned before about the pattern flow on each cylinder position 

that means the rate of heat transfer will be increased as cylinder position is 

decreased then the rate of increasing in mean heat transfer coefficient and 

Nusselt number with temperature ratio of (T/Tmax) will be increased as 

cylinder position is decreased. When the temperature difference is decreased 

depend on convection equation (q = h A T), the mean heat transfer 

coefficient and Nusselt number will be increased along the curve in each 

figures (5.126-5.127) and when the heat capacity of the material of cylinder 

is increased the mean heat transfer coefficient and Nusselt number will be 

increased along the curve. 

∆

 

5.3.4 Variation of (hare) and (Nuare) with cylinder position. 
           The average of heat transfer coefficient and Nusselt number from 

each Appendix (C-1, C-2, C-3, C-4) will be obtained and it is plotted against 

cylinder position as shown (5.128-5.129). The average heat transfer 

coefficient and Nusselt number will be decreased as cylinder position is 

increased because of the pattern flow on each cylinder that it will be affected 

on the rate of heat transfer from each cylinder that means, the rate of heat 

transfer will be decreased as cylinder position is increased then the average 

heat transfer coefficient and Nusselt number will be decreased as the rate of 

heat transfer is decreased depend on convection equation (q=h A ∆T).                      
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Figure (5.126) the variation of mean heat transfer coefficient at temperature 
of 50 Co against temperature ratio of (T/Tmax). 

(Tmax=150, T=150, 140, 130, 120, 110, 100, 90, 80, 70, 60). 

           
 
 

 

Figure (5.127) the variation of mean Nusselt number at temperature 
of 50 Co against temperature ratio of (T/Tmax). 

(Tmax=150, T=150, 140, 130, 120, 110, 100, 90, 80, 70, 60). 
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F igure (5.128) the variation of average heat transfer coefficient at temperature 
f 50 Co from each appendix (C-1, C-2, C-3, C-4) against position of cylinder. 
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from each appendix (C-1, C-2, C-3, C-4) against position of cylinder. 

 

http://cbs.wondershare.com/go.php?pid=1140&m=db


Chapter Six 

Conclusions and Recommendations for Future 

Work  
6.1 Conclusions 
 As results of the experimental investigation carried out to study 

force convection heat transfer as unsteady state conduction ((i.e. lumped-

capacitance system)) from the out side surface of uniformly heated 

cylinder of 4.96 cm diameter, 6.7 cm length and 5 mm thickness to air in 

a duct . The following conclusion can be made: - 

1. At some reference temperature (To =150, 140, 130, 120, 110, 100, 

90, 80, 70, 60 Co), the rate of decreasing in temperature (T) with 

time interval (t) will be increased as cylinder position (Y=3.7, 7.75, 

15.25, 19 cm) is increased. 

2. The rate of increasing in heat transfer coefficient and Nusselt 

number at some reference temperature (To =150, 140, 130, 120, 

110, 100, 90, 80, 70, 60 Co) with time interval (t) will be increased 

as cylinder position (Y=3.7, 7.75, 15.25, 19 cm) is decreased. 

3. At some reference temperature (To =150, 140, 130, 120, 110, 100, 

90, 80, 70, 60 Co) and cylinder position (Y=3.7, 7.75, 15.25, 19 

cm), the heat transfer coefficient and Nusselt number will be 

increase with time interval (t) as temperature difference (T-50) is 

decreased.   

4. The surface temperature of cylinder (T) will be decreased with 

time interval (t) as temperature different (T-50) is decreased. 

5. At some cylinder position (Y=3.7, 7.75, 15.25, 19 cm), the rate of 

decreasing in temperature (T) with time interval (t) will be 
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increased as reference temperature (To =150, 140, 130, 120, 110, 

100, 90, 80, 70, 60 Co) is increased.             

6.2 Recommendations for Future Work 

       During the course of this research, there appear some aspects that can 

be further developed to enhance this work. The following suggestion 

could serve as further topics of research with in the same field of this 

thesis: - 

1. The present cylinder in a two-dimensional wind tunnel can be used 

for testing the effect of different aerodynamics shapes on heat 

transfer coefficient from cylinder wall by transient conduction, 

then repeating the experimental procedure of this thesis in order to 

obtain a well examination. 

2. Repeating this study with another cylinder position when the 

streamline of air in duct will be steady in order to obtain a well 

examination for the parameters, which are investigated in the 

present study. 

3. Introducing a new study includes the effects of air velocity in the 

duct on heat transfer coefficient from cylinder wall, which another 

parameter will be affected. 

4.  Introducing a new study includes the effects of another size of 

cylinder on heat transfer coefficient from cylinder wall, which 

another parameter will be affected.         
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Configuration of the system used in the experimental work. 
1. Sets of U-tube manometers. 
2. Entrance region (first region). 
3. Second region. 
4. Diffuser. 
5.  Main switchboard 
6. Control gate valve. 
7. Location of test section. 
8. Base. Plant. 
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  Induced airflow system 
 1: Centrifugal impeller fan. 
 2: Control gate valve. 
 3: Electrical motor 
 4: Nozzle. 
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Axial hole 
D=1.5 mm 

 
 
Configuration of five test section; 1) θ=90 ْ2) θ=75 ْ3) θ=60 4)θ=45ْْ 5) 
θ=30 ْa) Top view, b) side View. 
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Number  Description

1   Test Rig
2  U-tube-Manometer
3   Scale Board
4  Pitot-tube
5   Control Panel
6 Position of Test section 
7  Nozzle
8   Centrifugal Impeller
9   Electrical Motor
10 Control Gate Valve 

A
-1 

 
 
 

Table for the Description of the number 
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4.4 Calibration of Thermocouples 

 
 The thermocouples were calibrated against the melting point of ice 

made from distilled water and the boiling points of the following four 

substances:- 

1. Aceton (CH3   Co CH3)                        BP=56.5   C 

2. Ethanol (C2  H5  OH)                           BP=78.5   C 

3. Distilled water (H2O)                           BP=100    C 

4. Naphtaline (C10H8)                               BP=217.96 C 

 

 
A schematic diagram of the apparatus used for the calibration is shown 

in fig (4.4). It consists essentially of a glass flask which contains the boiling 

substance and a glass tube in which the thermocouples is suspended. The 

vapor in the space between the flask and the glass tube acts as insulation to 

the vapor in the glass tube. 

The same potentiometer used with the main experiments was also used 

in the calibration experiments. 

The results of calibration are listed in table (4-3), the calibration curve 

is shown in fig (4.5).    
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 Fig (4.4) Thermocouples Calibration Apparatu
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Table (4.3) Results of thermocouples calibration 
 
Substance Boiling (C) e.m.f. (mV) 

Aceton 56.5 2.5 
Ethanol 78.5 3.38 

Distilled water 100 4.275 
Nephtaline 217.96 10.15 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

0
2
4
6
8
10
12

0 100 200 300
Temperature (C)

e.m
.f. 

(m
V)

Series1

Fig (4.5) Thermocouples Calibration curve 
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Nomenclature 
 

Symbol Definition 
 

Units 

A Surface area  m2 

Bi Biot number - 
c Specific heat of cylinder  kJ/kg.co 

d Diameter of thermocouple position m 

Din Inside diameter of cylinder  m 
Do Outside diameter of cylinder m 
Ein Internal energy W 

Estored Stored energy W 
Fo Forier number - 
h Heat transfer coefficient w/m2.co 

have Average heat transfer coefficient w/m2.co 
hlocal Local heat transfer coefficient w/m2.co 
hm Mean heat transfer coefficient w/m2.co 
K Conductivity of cylinder w/m.c 
L Cylinder length M 
m The cylinder weight Kg 
Nu Nusselt number - 

Nuave Average Nusselt number - 
Nulocal Local Nusselt number - 
Num Mean Nusselt number - 

q Rate of heat W 
t Time  s 
T Attainting temperature  co 

T  ∞ Air temperature co 
tc Thickness of cylinder m 

Tmax Maximum temperature co 
tmax Maximum time s 
To Initial temperature co 

Ts Surface temperature co 
u  ∞ Air velocity m/s 
V Cylinder Volume  m3 

Y Cylinder position cm 
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ϑ  Angle of thermocouple position Degree 
τ  Time constant - 
α  Thermal diffusivity m2/s 
θ  Attainting temperature difference (T-T ) ∞ co 
oθ  Initial temperature difference (To-T∞ ) co 

ρ  Density of cylinder Kg/m3 
l  Depth of thermocouple position in cylinder mm 
ρ ∞ Air density Kg/m3 
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APPENDIX (A) 
Configuration of the system used in the 

experimental work 
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APPEDIX (D) 
Material and Air Tables 
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