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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
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position (Y =3.7, 7.75, 15.25, 19 cm). From Appendix (A), one of fife
test section at (06 =90) is used and one node of twelve thermocouple
nodes at (6 =90) on the cylinder to measure surface temperature were
used.

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 1s 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 (T, =150, 140, 130, 120, 110, 100, 90, 80, 70, 60 C°) is
increased and cylinder position (Y=3.7, 7.75, 15.25, 19 cm) is decreased.
At some reference temperature (T, =150, 140, 130, 120, 110, 100, 90, 80,
70, 60 C°) 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
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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

O°T 14T
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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 (<7 =0 )

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
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obviously 1dealized because a temperature gradient must exist in a material 1t
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
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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
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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 i1s 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
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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
i1s 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
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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 %, 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 ¢7, 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
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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.


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

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
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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 THC, 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
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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,
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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.

10
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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
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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.

11
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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
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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

imnortance munet he nlaced nn the heat trancfer which mav he achieved hv a
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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

14
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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: -

N 1.

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

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

15
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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

g = hA(T — Too) = —ch”;—f
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q=hA(T-T )= ¢ pVO;—Y;

T e o

Fig (3.2)
Nomenclature for
single-lump heat-

T
capacity analysis ” T .
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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

1 R, =—- C,=pcV
pcV R,C hA

th ™~ th

Fanal to 1/R ' where R and the electric recictance and canacitance
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It is noted that the temperature difference T-Tw has a value of 36.8
percent of the initial different T,- Tow. 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

M<01
k

17
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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

% = 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
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E in =E store

The rate of energy in is simply the amount of heat transfer by
convection, so we use Newton’s law of cooling E, =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 p ¢V by the time derivation of temperature. This gives

hA (Too-T)=p cvz—f

If 6 was used as define previously (0 =7 -Tw), it follows that6 ,, the
initial temperature difference is 0 ,=T,-T . Then a solution for unsteady bulk

temperature would be written

18
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9 —hAt/ p cV
e

If it further writes t =p ¢V /h4 this becomes

e_:e—t/r
0

o

This definition of t 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

e_ — e—Bi.Fo

0

o
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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 (6 =90) 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
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10 gIve unirorm heat Tiux.

Chromal-Alume thermocouples (1), referred to as type k. This type can
be used in the temperature range of -200 to 1300 C°. 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).
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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 D,=49.6mm =0.0496m
Length of cylinder L=67mm =0.067m
The temperature of convection To=32.7C

Initial Temperature T, =150C"

Attention Temperature T =50C"

Thickness of cylinder tc =5mm =0.005m

The weight of cylinder m =125gm =0.125kg
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From Appendix (D-1) at (p=2663.05707), the specific heat (C) was found by
applying the interpolation methods: -

2787-2659  0.883-0.863
2787 —-2663.05707 0.883-C

Then: -
A=r D,L =7 (0.0496)(0.067) = 0.01044m"

— C'=0.8675kj / ke.C

A 0.01044

c= = =0.0001028
pCV  (2663.05707)0.8675)0.00004693853)

The slop between two near points was found: -

s=22"N y2 at T=50 C°
L, -
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yl at T=150 C’

T,-T, _, 50-327 _ .
T-T,  150-327

T,-T
=In+—==0
N T T,

1

t,=0 at T=130 C" t,=309 at T=50 C’

=227y 19140 _ 506104
t—t,  309-0

-hc= slop =-0.006194
-h (0.00018028) =-0.006194
h=60.2529w/m>.C°
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Table (4-1) Thermocouple Position

Cylinder (degree)

9=0
=30
9=60
=90
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Table (4.2) Cylinder Positions

No of position

1

2
3
4
5
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[S—

Chromal-Alume thermocouple position.

Aluminum cylinder of thickness (tc= 5 mm), diameter
(Do=49.6mm) and length (L= 67 mm).

Ceramic bead.

Screw and net.

Glass wool.

Glass wool.

Fiber glass.

Heater.

9. Diameter of the thermocouple position in the cylinder (d =1 mm).
10.Deep of the thermocouple position in the cylinder (/=3.5mm).
11.The plate of the same material.

N

XN R W

26


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

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

aliu l\lllébll \J_J v/ 111111}.

Ceramic bead.

Screw and net.

Glass wool.

Glass wool.

Fiber glass.

Heater.

9. Diameter of the thermocouple position in the cylinder (d =1 mm).
10.Deep of the thermocouple position in the cylinder (/=3.5mm).
11.The plate of the same material.

© NN B W

27


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

[ BC 8 I tE St
6T . &L ix 9 g
I [T I£ =3 r =y
Em te tL o £F it
9t SE ot OoF B 55
L
BLI
191
6 C Bl
ATHIT | A-TEBT | ATLPD | ATINE | A.TSL 4-TLs |
JT1 | 20001 | D008 | D009 | D.00F | D.00E |

DAy Yy Ajapanpee e

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.

3
o
4
x
[
T
£
I
0
il
«
S
0
>
o
£
0
2

2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

9t 9fF0 | ECL'L |
£ ELF D 108°L %01
123 COF0 | EERL HED =)
(P2 uogue)
AL = xmu )
=15
6 S0 | 6FR'L | D %S0 ‘von yTnoay
L il o O T am,|
oary
L OEI'D | ELENL pear]
Ll a0 oLz Ul &
SEl e
IV %6 1S5SV
191 reE0 | LD9T % IO
TV %08-8L
i (p=npy) 151y
LEl L1980 | 659 nJ % |
IV BE9R
“{Surmeag-zaddoa
; Wunfig) 151y
o1 £E880 |LRIY S a0mn ‘ny
Bt TV BIGH6
“{umyrerngg
e | 9ss0 |iorz S
Docmyigy | D, -yry | omydy Ry
‘y sy ; o
207 m sauadasg

Sen J0) sanpea dpaadoag

C1-d )914qe.L

£9%T

D-1


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

Table (D-2)
rroperties of air at atmospheric pressuret

The values of u, &, ¢, and Pr are not strongly press
and may be used over a fairly wide range of pressures,

p [ #x[ﬂ‘]rx‘m'. k, ® 104,
T.K | kg/m' | kikg °C knfm-!. m'fs | Wn-°C um'}lﬂ

100 | 6010 1.0266 0.65824 1923 | 0.009246 | 0.0250]
150 | 23675 | D0G9 1.0283 4343 | 0013735 | D.05748
200 | 17684 1.006] 1.3289 TA4% | 001809 | 010168
250 | 14128 1.0053 1.5990) 1131 | 002237 | 0.15675

300 | 11774 1.0057 1.8462 1569 | 002624 | 0.22160
150 | 0,9980 10090 2.075 2076 | 0.03003 | 0.2983
400 | 0.8826 1.0140 2,286 2590 | 003365 | 03760 | O
450 | 0.7833 1.0207 2,484 a7 | 003t07 | 04222 |o
500 | 07048 1.0295 2671 3790 | 004038 | 05564 [0
550 | 06423 | 10392 | 2848 4434 | 004360 | 06532 | ORI

FraTal MBS A i F
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Figure (4-3): The circuit of the digital thermometer, thermocouples and

selector.
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Flow Chart of Work Procedure

The cylinder is placed in
a duct at some position

The heater of
cylinder was
switched on

The Temperature of cylinder
» was increased until reach some
uniform Temperature of (To)

!

(The Temperature was measured W

1 a1 1 o] a1 i
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across the cylinder

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

(The Temperature was measured
L by thermocouple & thermometer

End
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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-
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interval.
c- Determination for the variation of temperature with time interval at
some reference temperature (T,) and with different cylinder position.
d- Determination for the variation of temperature ratio of (T/T.x) with

time ratio of (t/tmay).
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 (In (T-T )/ (T,- 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/Tn.) against time ratio (t/t,.x) 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
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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 (T,) 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

1s increased.
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Figure (5.2) the variation of surface temperature against time interval.
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Figure (5.4) the variation of surface temperature against time interval.
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Figure (5.6) the variation of (1nee—) 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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1

(Position of cylinder=3.7 cm)
(T=120,113,106,99,92,85,78,71,64,57,50).
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Figure (5.10) the variation of (lnei) 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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1

(Position of cylinder=3.7 cm).
(T=80,77,74,71,68,65,62,59,56,53,50).
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Figure (5.14) the variation of (lnei) 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 (5.16) the variation of (lneg) against time interval.

1

(Position of cylinder =7.75¢m).
(T=140,131,122,113,104,95,86,77,68,59,50).
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Figure (5.18) the variation of (lnee—) against time interval.

1

(Position of cylinder=7.75 cm).
(T=120,113,106,99,92,85,78,71,64,57,50).
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Figure (5.20) the variation of (lnei) 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 (5.22) the variation of (lneg) against time interval.

1

(Position of cylinder=7.75 cm).
(T=80,77,74,71,68,65,62,59,56,53,50).
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Figure (5.24) the variation of (lneg) against time interval.

1

(Position of cylinder=7.75 cm).
(T=60,59,58,57,56,55,54,53,52,51,50).
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Figure (5.26) the variation of (lng—) 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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(Position of cylinder=15.25 cm).
(T=100,95,90,85,80,75,70,65,60,55,50).
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(Position of cylinder=15.25 cm).
(T=80,77,74,71,68,65,62,59,56,53,50).
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(Position of cylinder=15.25 cm).
(T=60,59,58,57,56,55,54,53,52,51,50).
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Figure (5.36) the variation of (lnee—) 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 (5.38) the variation of (lneg) against time interval.

(Position of cylinder=19 cm).
(T=120,113,106,99,92,85,78,71,64,57,50).
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(Position of cylinder=19 cm).
(T=100,95,90,85,80,75,70,65,60,55,50).
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(Position of cylinder=19 cm).
(T=80,77,74,71,68,65,62,59,56,53,50).
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(Position of cylinder=19 cm).
(T=60,59,58,57,56,55,54,53,52,51,50).
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Figure (5.46) variation of temperature against time interval for different
cylinder position at some reference temperature (T,).
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Figure (5.48) variation of temperature against time interval for different
cylinder position at some reference temperature (T,).
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Figure (5.50) variation of temperature against time interval for different
cylinder position at some reference temperature (T,).
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Figure (5.52) variation of temperature against time interval for different
cylinder position at some reference temperature (T,).
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Figure (5.54) variation of temperature against time interval for different
cylinder position at some reference temperature (T,).
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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 (T,), 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

This is a watermark for the trial version, register to get the full one!
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2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

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
(T,) 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 (5.65) 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 (5.67) 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 (5.69) 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 (5.71) 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 (5.73) 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 (5.75) 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 (5.77) the variation of local Nusselt number against time interval.
(T=120,113,106,99,92,85,78,71,64,57,50).
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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 (5.81) the variation of local Nusselt number against time interval.
(T=80,77,74,71,68,65,62,59,56,53,50).
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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 (h,) with (Nu,) 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 (T,) 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
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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 (5.85): the variation of mean heat transfer coefficient to
attain temperature of 50 C° against position of cylinder.
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Figure (5.87): the variation of mean heat transfer coefficient
to attain temperature of 50 C° against position of cylinder.
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Figure (5.89): the variation of mean heat transfer coefficient
to attain temperature of 50 C° against position of cylinder.
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Figure (5.91): the variation of mean heat transfer coefficient to
attain temperature of 50 C° against position of cylinder

87


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

50.00 —

N T,=70 C°

40.00 —
o/'\
(@]

S _
£
z
g
<

30.00 —

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

40.00 —
~
o
O
. i
E
z
=
=
30.00 —
04— 1T 1 T 1 T T T |
0.00 4.00 8.00 12.00 16.00 20.00

Cylinder Position (cm)

Figure (5.93): the variation of mean heat transfer coefficient to
attain temperature of 50 C° against position of cylinder.
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Figure (5.95): The variation of mean Nusselt number to attain
temperature of 50 C° against position of cylinder.
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Figure (5.97): The variation of mean Nusselt number to attain
temperature of 50 C° against position of cylinder.
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Figure (5.99): The variation of mean Nusselt number to attain
temperature of 50 C° against position of cylinder.
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Figure (5.101): The variation of mean Nusselt number to attain
temperature of 50 C° against position of cylinder.
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Figure (5.103): The variation of mean Nusselt number to attain
temperature of 50 C° 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 (5.106) the variation of mean heat transfer coefficient against time to
attain temperature of 50 C* (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 C* (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 C® (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 C* (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 C* (position of cylinder=3.7, 7.75, 15.25, 19).
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Figure (5.116) the variation of mean Nusselt number against time to attain
temperature of 50 C* (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 C* (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 C* (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 C* (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 C* (position of cylinder=3.7, 7.75, 11.5, 15.25, 19).
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time

Figure (5.125): General shape of mean heat transfer coefficient
and Nusselt number.
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5.3.3 Varuation of (h,) and (Nu,) 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 ¢°, then
it is plotted against temperature ratio of (T/T.x) 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/Ty.x) will be increased as
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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 (qg=h A AT).
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Figure (5.127) the variation of mean Nusselt number at temperature
of 50 C° against temperature ratio of (T/Tpa).
(Tmax=150, T=150, 140, 130, 120, 110, 100, 90, 80, 70, 60).
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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 A+ camae rafarancae teammnaratnira (T =18N 140 120 170 11N 1NN
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3. At some reference temperature (T, =150, 140, 130, 120, 110, 100,
90, 80, 70, 60 C°) 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 (T, =150, 140, 130, 120, 110,
100, 90, 80, 70, 60 C°) 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
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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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Induced airtlow system

1: Centrifugal impeller fan.
2: Control gate valve.

3: Electrical motor

4: Nozzle.
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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 (CH; Co CHj3) BP=56.5 C
2. Ethanol (C, Hs OH) BP=78.5 C
3. Distilled water (H,O) BP=100 C
4. Naphtaline (C,(Hg) BP=217.96 C
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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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Table (4.3) Results of thermocouples calibration

Substance Boiling (C)
Aceton 56.5

Ethanol 78.5
Distilled water 100
Nephtaline 217.96
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Nomenclature

Definition
A Surface arca m’
Bi Biot number -
c Specific heat of cylinder kJ/kg.c’
d Diameter of thermocouple position m
D;, Inside diameter of cylinder m
D, Outside diameter of cylinder m
Ei, Internal energy \\
Eqiored Stored energy \\Y%
Fo Forier number -
h Heat transfer coefficient w/m2.co
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q Rate of heat W
t Time S
T Attainting temperature c’
T Air temperature ¢’
t. Thickness of cylinder m
Tnax Maximum temperature c’
tmax Maximum time S
T, Initial temperature ¢’
T, Surface temperature c’
u, Air velocity m/s
\Y Cylinder Volume m’
Y Cylinder position cm
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9 Angle of thermocouple position Degree
T Time constant -

a Thermal diffusivity m*/s
0 Attainting temperature difference (T-T o) c’

0, Initial temperature difference (T,-T ) c’

P Density of cylinder Kg/m’
/ Depth of thermocouple position in cylinder mm
P w Air density Kg/m’
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