o
L
Z
=

3

<L
@




3358

ol

Lo glall

3

e
(1]
Z
-
7

<
©

Lasld| &
Ao Sl




g7l i
i =)
& ASUMNET

daalall Sl glealt A8,

il (el ey b
ald g, Call g (g SV (3 g3l

¢ piid )

il § Lgls o8 a3 Al Balall ) askiad) Al s
Sl il Ag) () ga Cude) 28 DAY a.mu.h:

Sl e Tamy a2 ol Jaias
% 40-20 Gedppd gk a5 20 — 15 Gab ) adnn A

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %







i) el | dudeal | et
@ ASUNET




B\

TANTA UNIVERSITY
FACULTY OF ENGINEERING

Effect Of Rotation on the Flow Resistance
and Heat Transfer in Circular Tubes
Rotating About a Parallel Axis

A thesis submitted to the Department of Mechanical Power Engineering
For the fulfillment of the Degree

Master of Science
in Mechanical power Engineering

By

Eng. Abdel-Kader Saad Bekhatro Abd-aila

SUPERVISING COMMITTEE

A.Prof. Dr. M. Khalil Bassiouny M. K
Depariment of Mechanical Power Engineerimg=—""___

Faculty of Engineering - Minoufiya Universily

Dr. El Shenawy A. El Shenawy Dr. Alsaied Khali} Mahmeoud
Els p ALl
Department of Mechanical Pcm'éﬂfm
fraculty of Lngineering - Tania University
We certify that we have read his thesis and that in our
opinion It is fully adequate in the scope and quality as a

disseriation for the degree of Master of Science in
Mechanical Engineering.

2002



TANTA UNIVERSITY
FACULTY OF ENGINEERING
Department of Mechanical Power Engineering

Thesis - Ltfea Of Rotauon on the Flow Resistance and Heat Transter in Cireular
Tubes Rotating About a Parallel Axis.

Student ; Eng. Abdel-Kader Saad Bekhatro Abd-alla

Degree . Master of Science In Mechanical power Ensineering

Exam Committee:

Prof. Dr. Mahmoud M. Awad Mz/@!/.. ..............

Prof. of Mechanical Power Fngincering Department
Faculty of Engineering - Mansoura University

Prof. Dr. Aly M. Elzahaby E{Zahalk _——

Prof., Head of Mechanical Power LEngineering Department
Vice Deen, Faculty of Engineering - Tanta University

A.Prof. Dr. M. Khalil Bassiouny = ----- M --K-A— e, T

A. Prof. of Mechanical Power Ingineering Department
Faculty of Engineering - Minoufiva University

2002



ACKNOWLEDGMENT

I would like to thank a. professor Dr. M. Khalil Bassiouny for the creation of the
idea of this research, faithful advice in constructing the test rig build up and the design
of all parts.

I would like also to express my deep gratitude to Dr. El Shenawy Abd-Elhamid El
Shenawy and Dr. Alsaied Khalil for their guidance during the work and reading the
final draft of the thesis.

I express my thanks to the board of the mechanical Engineering Department for their

faithful help.

11



Abstract

Many engineering installations and equipment include rotating elements, which
work under severe operating conditions and different temperature levels, such as
turbines, generators, engines, rotating heat exchangers, etc. The severe
operating conditions along with the high temperatures extremely affect the
crystal structure and increase rate of mechanical wear, and therefore reduce their
lifetime. For these reasons, many studies have been done to achieve a good
cooling process for such rotating elements. For example, rotating heat
exchangers and cooling of turbine blades (gas or steam turbines) which may
operate at temperatures up to 1800 °C.

The rate of cooling process is significantly affected by the rotation speed.
Therefore, many researchers have to study the effects of rotation on the heat
transfer process e.g. do great efforts.

A survey of literature is made to clear all studies made in this subject during
the last few decades. It shows that there is a lack of experimental studies that
investigate the effect of rotating on flow characteristics and heat transfer in a
tube rotating around a parallel axis and the effect of the various parameters of
this construction. The present study focuses on this point. A test rig is designed
to study the effect of the following parameters on both flow and heat transfer

characteristics;

* The distance between the tube and the axis of rotation.
* Variation of the rotational speed of tube.,

The test rig includes a mechanism for power supply fixed on the rotating
tube and also for the thermocouples led out from the rotating tube to the
measuring device. Water is used as a heat transfer fluid and sealing between the
rotating tube and the fixed ends of the test rig is provided.

The results show a considerable increase in both the heat transfer and
friction coefficients with the increase of the rotational speed, and the distance
between the tube and its axis of rotation (radius of rotation). General
correlations for the friction factor and the Nusselt number are proposed as
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functions of the flow and rotation parameters. These correlations, which are
applicable to a wide range of varieties, are found to be representative to the
experimental data with a good accuracy. The proposed friction correlation can
describe all the experimental results within £5.8 %, while the proposed heat
transfer correlations can describe all the test data within £4.4%. Nomograms are
constructed to permit quick estimations of the friction factor and Nusselt number
under different operating conditions. | |
Comparisons between the experimental results and Nakayama correlations
[4] are made. Maximum deviations of about 9.7 % for the friction coefficient

and about 11 % for the Nusselt number are obtained.
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NOMENCLATURE

area, cm-.

Cross section area, cm?.

heat transfer area, cm’.

specific heat at constant pressure, J/kg K.

tube diameter, cm.

crror

friction coefficient, (Ah*a*Zg)/l*vz.

Grashof number, g 8 (t; - o*d? vt

Rotational Grashof number, H «? B (1 a) .

gravitational acceleration, m/s’.

radius of rotation (amplitude},cm.

local heat transfer coefficient, W/ m? K.

average heat transfer coefficient, W/ m” K.

thermal conductivity, W/im K.

tube length, cm.

rate of mass flow, kg/s

rotation speed, rpm.

Nusselt number, hd /k .

average Nusselt number, h™ d /k .

pressure, N/m? .
Prandtl number ,p Cy/k.

heat transfer, W.

heat flux, Wim’.

Reynolds number , Ud/v .
Richardson number , Gr/Re” .

rotation number, N*d%/v.

bulk fluid temperature, (t,+)/2 , K .

inlet fluid temperature , K .
outlet fluid temperature , K .
tube surface temperature , K .
radial velocity, m/s.

inlet velocity , in/s .
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u dimensionless radial velocity .

V volume,cn13.

v volume flow rate, em’/sec.

X body force, (1+6.4 961°)""? —=2.55/T
GREEK SYMBOL.S

a thermal diffusivity , m?/s .

coefficient of volumetric thermal expansion , K™ .

p density , kg/n13.

P. ambient density , kg/m®.

A difference

d thickness of the boundary layer
y dynamic viscosity , kg/ms.

v kinematic viscosity , m%/s.

T time,sec.

ReZm-H me3
r (inertia force) / (Coriolis force), ——-T

(Grpr
@ angular velocity of the pipe, rad/s.
8 circumferential angle
SUBSCRIPTS
b Bulk
m Mean
] Surface
i inner
0 outer

IX






