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SUMMARY

The problem of determining the preasure loss prode
uced by pipe-bends has been inv. ztigat:d for many ;ears,
for ite considersble importance in the design snd analy-
sis of fluid-machinery snd piping systems. However,
although many investigators have studied the problem,
the resulte obtained did not show satisfactory correlat-

ion.

One of the recent publishal work gave a consistent
method of computing pressure loss in bends, but only for
isothermal flow.

The present work was carried out to show the effects
of change in fluid temperature, relative radius of curv-
ature, and Reynold's number on the bend resistance
besides constant relative roughness of the pipe wall
with constant angle of deflection equal 90-deg.

The results obtained show, the following:

(a) For a straight pipe lines, no effect for the variat-
ion of the temperature on the relation between the
coefficient of friction and Beynold's number, i.e.
heat transfer from the air has no effe¢t on the
coefficient of friction and Reynold's number. x
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(b) Por curved pipes with angle of defelction 90-deg.t
= For a certein bend at the same Riyzold's number,
the total bend.loss coefficiart dacreesss as the
mean air temperature increasse
- For the same Reynold's number and temperasture,
ths total bend-loss coefficient incresses as
the rediue of curvature increases.

From both theoretical and experimental analysis, a new
nondimensional number is used in the final formula which
deals with the total bend-loss coefficient and the factors
mentionsd asbove.
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DESIGHATTON
Crossoctional areaq, na
Coefficient of discharge.

Correstion factor.

Internal diamster of pipe, m

Priction factor for a straight pipe.
Priction factor for a curved pipe.
Acceleration of gravity, w/sec®

Lona of hesd, mm 320

Total Bend-loss coefficlent defined by
equation (3.1)

Bend-losa coefficient mzasured with the
region of the propagated disturbance, as
defined by eguation (3.2).

Bend-loes coefficient measured at exit
of bend, as defined by equation (3.3).
Losa coefficlent for a streight pipe

of the ssme axial length as bend.
Constant, determined experimentelly.
Thermal conductivity of air, K.cal/mhr®,
Length, m |

ixisl length of center 1ine of beads B
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PESTGHATION
Length of the upstream tangent, m

Length of the downstream tangent, m
Constant, deterzined experimentally.
The power of velooity distribution low.
Nusselt nuaber

Ataospheric pressure, mmHg.

Rate of heat transfer per unit length
of the pipe, K.cal/tr &

Radius of circular crose section of
pipe, =

The alr constant, Kp.w/Kg°

Ragdius of center line of bend, &
Reynolds number

Alr temperature, °C

Absolute air temperature, °K

Mean axial flow velocity, m/sec.
Center line velocity, m/sec

Phe cartesian co-ordinstes, m
Bumerical factor determined by
equation (3.5) to (3.6)

Congtant, determined experimentally.
Constant, determined experimentally ”

Central Library - Ain Shams University



s Y 3y < ® bo¢~>E

Suffices:

_gn‘mwc

o

DESIGNATION
Difference between K, & K_ (Pig. 23).

Difference batweasn K, &K (By = const.)
Deflection angle of bend, rediasns

Vortex, n‘z/uc.

Dynamic viscosity of fluid, Ks.aoo/-a
Kinematic viscosity of fluid, m°/sec.
Density of fluid, Kg/o’

Unit shear streas at the pipe wall, Kp/m;2
Angle measured in y-s plane from the
J-axis.

Vorticity, 1/sec.
Prandt]l number.
Grashof number

Orifice conditions.

Upatrecam condition.

Downstream condition.

Mean value

Bteandard conditions for the air which are:
P = 760 mmHg.

t = 20°C

Wall eonditions,

Curved pipe.

Secondary.
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JNTRODUCTION

The prob) :u of detarmining “he prissur-c loss in a
bend has been tie subjcot of researches for maay years,
because of its considerable engineering importance in
the design and analysis of fluid machinery and piping
systems.

However, although many investigators have studied
the problem, it remains open for further investigat-
ions.

Published formulas by R.J.S. Pigott {14] 4im 1950,
have given results which are in considerable quantitative
disagreement. It is evident that a more detailed study
is necessary before his results could have a certain
aystematic basis.

H. Ito [10] 1960, furnished a morz rational and
consistent method for computing the loss of head due to
pipe bends, however, the scatter of his results appears
to be too lazge to be attﬁbuted to expermintal reasons.

The work discussed by H. Ito [10] was undertaken to
cbtain 1nfornation wlﬂ.éh woulﬂ be of soie help with the
'con:ﬁl_ ition of pref rsﬁriﬁ. aﬁt, further, to furnish
some accurate data for enﬁinaeﬂng Hge.
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The present work contains the most important effects
as applied to bend resistance. These effects are:

(1) Change in temperature.
(2) Relative radius of curvature.
(3) Reynold's number.

The euperical formula established in the pres
iat work .containing such variables is backed by theorete
ical considerstions shows the effect of temperature and
heat transfer on the coefficlient of friction in both of
straight pipe and curved pipes of different curvatures.

4ir in the incompressible range was used as a

working fluid for the present work.

The aim of the present work is not however, aiming
towards establishing a new emperical formula for comput-
ing the loss due to pipe bends which may be used under
all circumstances, but, to furnish an emperical formula
which will be of some _I'llld_e_;_rlth the correlation of the bend.
losa coefficient, and further, to draw attention to the
importance of the pressure losses that take place in the
downstresa tangent and the air temperature (i.e. the effect
of heat transfer).
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Although the experiments to be discussed are limited
to the case of constant relstive roughness pipe bends and
constant angle of deflection, the results nay give
closer definition to the present outlines of the laws
of bend resistence.
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