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Abstract

Hydraulic friction loss in pipelines directly affects pipe and pump sizing as well as the
hydraulic balance of  networks. The turbulent behavior of fiowing water is highly compiex
because it isnol predictable fully by mathcmarical operations based on properties of water
and fundamental physical laws. All friction head-loss equarions have an uncertainry in the
esumation of pipe intenor surface rougnness.

The sudy attempts 1o find the most reiiable eauarion 1o detcrmine the head loss from the mosi
widely used pipe fricuion equauons and examines the accuracy of friction factor in Hazen-
Williams (H-W), Manning (Mn) . Chezy (Ch) ,Scobey (Sc) ,and Darcy-Weisbach (D-W)
equatioas.

Introduction
The wetcmanation of friction head losses in pipelines is an imporant engineenng factor tn

the design of pipe nerworks that aftecls lotal cost as well as the hydranlic baiance of the

network. Operaung cast s affecled by pipe sizes, pipe materials and flow properties. Many
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pipeline and irrigation engineers use empirical equations to determine friction head losses due
to their mathematical simplicity rather than the more theoretical equation of Darcy- Weisbach.
However one major limitation of the empirical equations is that a single roughness factor is
usually assumed for all pipe sizes and flow velocilies, Due to such an assumption of a
constant friction factors, the calculated head losses by the empirical equations may differ
significantly from those calculated by the Darcy- Weisbach equation.

Although no exact solutions are available from the general differential equations for turbulent
flow, in fact that turbulent flow occurs more frequently in most commercial applications.

The objective of Lhis study is to identify different friction coefficient values for the various

empirical equations to be used with certain ranges of pipe diameters and flow conditions.

Velocity and Friction L.osses

Most of the equations used for relating velocity to hydraulic slope, size, and roughness of the

conduit belong to a family having general form

V=KS'"R’ ¥
or

V=K,S°Q* 2)
in which ¥V = mean flow velocity m/s K, K, = general symbols for the coefficients

representing roughness of the pipe, S = hydraulic slope, R = hydraulic radius, Q = discharge
and a, b, ¢, d = empircal constant exponents.

Though the Darcy- Weisbach equation is fundamentally more sound than other empirical and
approximate equations, pipeline and irrigation engineers most commonly use the Hazen-
Williams equation due to its computational simplicity, When using empirical equations
such asthe H- W, Mn, Ch, and Sc usually one friction coefficient for all pipe size and flow
ranges is assumed, which simplifies Liead-loss calculations usually at expense of accuracy.

It is often required that an estimate can be made of the velocity V, or the quantity of flow then
predictions can be made of ¥ by the following equations in which R could be replaced either
by the discharge Q or the wetted area A, and the corresponding friction loss th.) =quanons are

also presented.
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2- Hazen - Williams (H-wW)
1=0.85C,, 8° MR
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\_.’ — 0 4gcﬂ‘lﬁsﬂdloﬂ.1d
= (). Hw
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4-CHEZY (Ch)

V = CuS8™R™ : (15)
or

V = 0.603CHS Q" (16)
or

V = 053C, 5™ A% (17
and

h, = 4CGLD™V? (18)
3-SCOBEY (Sc.)

V = C ™R (19
ar

V = 0545C3‘s*Q™* (20
or

V = 045C 8% A% 210
and

h, = 5196C;, LD H# eV (22)

in which g= gravitational acceleration, f= fricon coefficient, D= pipe diameter, Cyy
=H,W.constant, o= Mn roughness, Cg;, = Ch. constant, Cq. = Sc. constant, h,= friction head
loss, and L = pipe length.

The fotlowing equation gives the relationship between the friction coefficient of D-W and H-

W equarion

f-Hw - 13‘62gc;{l‘£310~0.161'v—0_148 {.-_J—:)

in which fyw = the comesponding D-W friction factor, which if uscd i ihe D-W equation
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instead of thdl calculated by the Colebrook-White cquation or others or by using Moady
diagram for the given ﬁow conditions will give equal frictional head loss due to that
calculated by the H-W equation.

Similarly, the following relationships between the friction coefficient ol D-W and Mn, Ch,

and Sc are obtained
fi, = 12699gn’D™ " (24)

fo, = 8eCq, {25)
fsc - ]0.392%C;:£STD~0.1386V-0 I3 (26)
The corresponding {friction cocfficients are calculated according to egns, 23,24 , 25, and 26
.and are presented in table (2). 1t is secn that friction coefficients calculated by the above
‘methods have (he same values as given by D-W eguation. An accurate value of friction
coefficienm, using Colebrook - White (C-W) equation depends on the good estimation of the

relative roughness (K/D) and Reynolds number R,

Experimental investigation Setup

A series of PVC pipes of different sizes are considered and are fed from a high tank (15 m
above pipe centerline) by a 100 mm diamcler pipe which is provided with a2 Venturimeter to
measure the discharge. flow meter to determine the volume of water during a certain time. and
.a valve 1o control the flow through the system. The Venturimeter is calibrated and its
. discharge cocfficient is derermined.

Two pressure gauges are connected to the pipes besides a manometer to measure thc
difference in head loss berween two points 10 m apart as shown in Fig. (1).

The friction factors of Ch. Mn, H-W_ and Sc equations are determined and are compared with

the evprirmental measurements made on 47, 59.5, and 74.5 mm ID PVC pipes as shown in

table {1
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Procedure

Since all friction equations require some input parameter to characterize pipe interior
roughness, they all share the uncertainties invoived in such a measnrement. However, the D-
W eguation accounts for other variables that influcnce Lhe hydraulic irictional losses in pipe
flow. By using the control valve, various discharges for each pipe couid be measured and
analyzed as shown in table (1),

Deterrunation of the variation of Cyyy with respect to f may be found by rearranging Eq.(24)

interms of Cyy and replacing [y with [ then

CHw = 4'1 gﬁjﬂ D—O.Ug V-‘D_Uﬂf—o.ﬂ (2?)
Similarly, Eqns. (24, 25, 26 ) are rearranged in terms of n instead of fi4, , Ccp, instead of foy,

and Cg, instead of g, then

n= O‘zslfﬂ.SDO.ifﬂ'g—OJ (28)
Cg, = 2831%%g" (29)
CSG = 3_458g0.53D-0.Iv-0.05f-053 (30)

In order to check the validity of the coefficient of friction values given by the Egyptian Code,
a comparative analysis is made. Two pipe diameters with two different values of velocity are
used. These are a pipe with ID 100 mm and V equals 3 mv/s and another pipe with [D 71 mm
and V equals 1.5 m/s. The cnergy losses per unil [ength of each pipe were calculated using Lhe
Egyptian Code coefficient of friction and the coefficient of friction determined by this study
by applying the five equations considered in this study as shown in table (4). It seems clear
from the results that the losses obtained using the Egyptian Code of friction cocilicient for

PVC pipes varies greatly with errors exceeds 100% in some cases. However, uw.ing the
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coefficient of fnction based on the present study, the results show very small deviation less
than 2%,

Another comparison is made 1o determine the energy losses per unit Jength based on the
Moody diagram. The Egyptian Code for PVC pipes gives a value of 0.03 mm for roughness
height (K,). If this value is used with a pipe ID 100 mm, V equals 3 m/s and kinematic
viscosity (v) equals 0.0897x] 0 m®/s then f from Moody diagram is 0.0168 and hel equals
0.0771. However, if K, equals 0.0015 as an average value as given by Hansen et al. (1979).
Jeppson (1976) and King (1954). then the pipe could be considered as a smooth pipe, and

Blasius equation can be applied 1o give the value of f:

f=——+=00132 (31)

then hel equals 0.061. This value agrees well with the value oblained from the present study
(hs1 = 0.0615). It can be concluded that the assumption of a smooth pipe { for PVC pipes)
gives better results than the corresponding values given by using the roughness height

aceording to the Egyptian Code.

Summary and Conclusions

Head loss in pipes 1s an importamt considera..on for optimum design of pressurized systems.
Several expressions for head Joss can be given which already presented, Eqnus. 6, 10,14, 18,
and 22. Although these expressions are empirical except D-W equartion.

To determine the important fnction factors (f, Cyy, Cuy, Coy and Cg. ), Several pipes are
tested with length of 10 m. The region of entrance boundary layer is avoided and then the
measurements are recorded. Many readings for every pipe are registered as shown in table
(1). Then the coefficient faetors are calculated by using Eqns 6, 10, 14, 18, and 22 as shown in
tatle (3). Fron table (2), it seems that one value of coefficient can be used as an averape
value. where iy = 0.0134, G, = 165, 0 =6.5x10", Cgy, = 76.6, and Cg. = 138 which are
calculzid from Eqns 6, 10, 14, 18, and 27 ~nd compared with their values which are
calcul.ced by Eqns 27, 28, 29. and 30. It is noticed that the difference is negligible where it is

less than 1%,
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Table (2) represents the D-W coefficient of friction which is calculated by Equs 6, 23, 24, 25,
and 26, and 1t is seen that the reliable value of f equals 0.0134 can be used for PVC pipes less
than 100 mm ID. The study also revealed that the coefficient of friction given by the Egyptian
Code is no reliable. It gives deviation of 160% from the measured values in some cases.
Furthermore, PVC pipes could be considered as smooth pipe if the Moody diagram is 10 be

used for determination of head losses.
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Evperimental setup (schematic)





