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ABSTRACT

Laboratory tests were conducted to determine the head losses
in wyes and manifolds of conventional type, both with and without
an internal tie-rod at the theoretical centre of the wye. These
wyes and manifolds, having 450, 60° and 90° subtendihg angles of the
wyes, were symmetrical about the longitudinal axis of the main pipe.
The apparatus and method of testing used in the tests are described.
The experiment spans a range of Reynold's numbers from 85,000 to
420,000 in the influent main pipe. The analysis of experimental data
is based on the energy equation of Bernoulli for the one-dimensional
condition. The results of the tests are given in both tabular and
graphical form. It appears that the coefficient of the form loss
(the ratio of the form loss of a wye or manifold to the velocity
head in the main pipe) is a function of the proportional flow of
water through the branches, the size of the tie-rod used and the

subtending angle of the wye.
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NOMENCLATURE

The following symbols are used in this thesis:

A = Average internal cross-sectional area, in sq. ft;
D = Average internal diameter, in inches;

g = Acceleration of gravity, in ft/secz;

hf“ = Skin friction loss of pipe, in ft;

hp = Pressure head in piezometric ring, in £ft;

hV = Velocity head, in ft;

Ah = Form loss of wye or manifold, in £ft;

Elbow loss, in ft;

>
=
]

zﬁhp = Difference of pressure heads in piezometric rings between
main pipe and one of branch pipes, in ft;

k = Form loss coefficient of wye or manifold;

kE = Elbow loss coefficient;

L = Length of pipe, in ft;

NF = Froude number;

P = Hydraulic power loss in dimensionless expression;

Pv = Hydraulic power loss, in ft-1b/sec;

Pm = Hydraulic power in main pipe, in ft-1b/sec;

Q = Discharge in pipe, in cfs;

Re = Reynold's number

t = Time interval, in sec;

\ = Mean velocity in pipe, in fps;

, . . . , 2
4 = Kinematic viscosity, in ft/sec;



NOMENCLATURE -- (Continued)

= Unit weight of water, in 1b/cu.ft;

= Weight of water, in lbs;

Subscripts:

m

b

= QOccurrence

= QOccurrence

= Qccurrence

= Qccurrence

= QOccurrence

in

in

in

in

in

main pipe;

branch pipe;

right branch pipe;
left branch pipe;

inlet pipe.

xi
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INTRODUCTION

In recent hydro-electric development, a power plant of high
capacity is often proposed with a large diameter penstock to convey
water from the overhead reservoir to the powerhouse. A detailed
study of the head loss in the penstock becomes necessary for an
economic design of the penstock. A major portion of the total head
loss in the penstock results from the flow through branched pipe
junctions. Research in hydraulics is required to determine the
exact amount of the head losses at these pipe junctions and to study
the various parameters governing such head losses. The author
deals specifically with those investigations that concerned the
head losses at wyes and manifolds.

The study described in this thesis was made to determine the
head losses for various flow conditions at symmetrically branched
pipe junctions having different subtending angles of the wyes. It
is primarily concerned with the form losses resulting from the
flows through wyes and manifolds.

Definition of Terms

A wye (or a bifurcation) is a branched fitting used to
connect an influent main pipe to two effluent branch pipes. (See
Figure I-8). When a branched fitting is used to connect an in-
fluent main pipe to three effluent branch pipes, it is called a
trifurcation.

A manifold is a branched fitting wherein the effluent branch

pipes are brought back parallel to the influent main pipe by the



connection of elbows to each limb of a wye. The subtending angle

of a manifold is considered to be the angle between the limbs of the
wye. (See Figure 1-9). For example, a 45° manifold consists of a
45° wye followed by two 22-1/2o elbows connected to the downstream
limbs of the wye.

The form loss is the head loss arising from turbulence in a
branched pipe system excluding the skin friction loss of head in the
system.

The form loss coefficient is the ratio between the form loss
of a wye or manifold and the velécity head in the main pipe.

When the experimental results are adopted to estimate the head
losses in geometrically similar prototypes, the application of
Froude law (NF =V / [gD) as the criterion for dynamic similarity
in interpreting the hydraulic models will lead to reliable prediction

of prototype performance.



PREVIOUS RESEARCH

The earliest important experimental investigation of the head
losses in branched pipe systems was undertaken in 1928 by Vogel(l)*,
who dealt only with pipe tees. Later in 1929, Petermann(z) made a
detailed study of the head losses in piping bifurcations with a
main pipe that continued straight after the junction, a branch of
which subtended at an angle of 45° to the longitudinal axis of the
main pipe.

Since 1957, numerous theoretical and experimental investigations
of hydraulic behaviour in branched pipe systems have been undertaken

(3)

in many countries. In Switzerland, Cardel made tests to determine
the head losses produced in several types of wye branches where the
main pipe 150 mm in diameter was joined by branch pipes ranging from
60 mm to 150 mm, the angles between the branches varying from 45° to
135°. 1In Italy, Marchetti and Noseda(4) investigated the hydraulic
behaviour of five symmetrical bifurcations with the angles between
the branches varying from 60° to 180°. 1In Norway, Fritjof Salvesen(s)
conducted model tests on a 60° wye using in turn four different
internal ribs in the fork of the wye to find which rib provided the
lowest head loss. In Canada, at the University of British Columbia,
Ahmed(6) conducted a series of head loss tests on five symmetrical
wyes of conventional and spherical types having the angles of 90O

and 60° between the branches. In the United States, several basic

studies of the mechanism of instability of flow through a symmetrically

* Numbers in parentheses refer to the Bibliography.



7.

branched pipe system were made at the University of Kansas
Hydraulic model studies to determine the head loss in a manifold

consisting of a 45° wye followed by two 22-1/2o elbows were conducted
(8)

A series of model
(9, 1), an

by staff members at Colorado State University
tests was made by Gladwell, Tinney and Kreuzer
Washington State University on a large penstock trifurcation to

determine flow patterns, static and dynamic pressures, energy losses

and the shed vorticity from a central tie-bar.



CHAPTER 1

DESCRIPTION OF EXPERIMENT

1.1  LAYOUT

The experimental investigation was conducted in the Hydraulic
Laboratory at the University of British Columbia in 1966-67.

The water was pumped from a sump into an overhead tank with a
surface level about 55 f£t. above ground and holding about 1760 cubic
feet of water. Through a control valve this supply led to the test
section. The pipes and fittings of the model rested upon a wooden
frame, the tightness of all joints being under observation. The model
area extended from the control valve to the outlets of the branch
pipes. From the outlets of the branch pipes ran two troughs which
enabled fhe flow through each branch pipe to be guided into a weighing
tank or the sump as required in the experiment.

The general arrangement of the model in elevation is shown in
Figure I-1. The plan views of a wye arrangement are shown in Figures
I-2 and I-3, and Plate 1. The plan views of a manifold arrangement
are shown in Figures I-4 and 1-5, and Plate 2.

Due to the existence of many elbows and tees on the line prior
to entering the model area, a great amount of turbulence-induced
pressure fluctuations occurred. Two flow straighteners each 2 ft.
long were provided in the upstream main pipe to dampen these fluctua-
tions as weil as to obtain a symmetrical velocity distribution in the
entrance section of a wye or manifold. These flow straighteners were

made of thin aluminum tubes varying from one to two inches in diameter.



PLATE 1 Model Layout for Wye Arrangement

Looking Downstream

PIATE 2 Model Layout for Manifold Arrangement

Looking Upstream
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The first one was located downstream from the bend below the control
valve, and the other downstream from the first reducer, as shown in

Figure I-6.

1.2  MODEL

The model was made of lucite except for the portion upstream
from the second reducer to the control valve where steel pipes were
used. (See Figure 1-1). This set-up had the advantages of (1) en-
abling the different parts of the model to be replaced easily, (2)
permitting the hydraulic behaviour throughout the model area to be
observed clearly, and (3) showing any entrapment of air which would
affect the piezometric heads.

A. Main Pipe and Branch Pipes

The main pipe, of lucite, comprised of three sections of
equal length, had an internal diameter of 5.25 inch and a total length
of 13.5 ft. 1t was fitted on both ends of the sections with lucite
flanges which connected the pipes to each other and to the upstre;m
face of a wye or manifold. Each flange was glued to one end of a
section with the face perpendiculaf to the pipeline. Two piezometric
rings were fitted on the downstream sectibn of the main pipe close to
its ends. A velocity traverse station was set up at 6 inches from
the downstream end of the main pipe. Details of the main pipe from
the control valve to a wye are shown in Figure I1-6.

Four sections of the branch pipes, designated as A, B, C
and D, having an internal diameter of approximately 3.75 inch and a

length of 4.5 ft., were fitted with lucite flanges and piezometric

rings to from the right and left branches. Throughout the experiment,



sections A and C formed the left branch, and sections B and D the
right branch.

The length of the main pipe from the downstream end of the
first reducer to the upstream end of a wye was 33 ft., the length-
diameter ratio being 75. The length-diameter ratio was equal to 30
for each of the branch pipes. This ratio was considered adequate to
obtain a reaéonably uniform velocity distribution, and to achieve
accurate pressure head measurements at the downstream piezometric
rings at the branch pipes.

An inlet pipe was used to determine the skin friction losses
in the branch pipes and the head losses in the elbows. (See Figures
IV-2 and A-1).

B. Wyes

Three symmetrically tapered wyes with subtending angles 450,
60° and 90° respectively were investigated. Details of the outlines
and dimensions of the wyes are’illustrated in Figures I-7 and I-8,
and Plates 3 and 4. These carefully constructed models were symmet-
rical about the longitudinal axis of the main pipe.

In preparing each wye, the outer faces were first machined.
The theoretical centre and the length from the theoretical centre to
the points of inlet and outlets were determined. The conical water
passages were turned on a lathe; the inner surface of the wye was
polished by emery paper, then by crocus paper, and finally by polish-
ing liquid to make the inner surface of the wye as smooth as possible
for the purpose of decreasing skin friction loss.

For all wyes, the diameter of the inlet was 5.25 inch and

of both outlets 3.75 inch; the tapering was done at an angle of 100.



C. Manifolds

Three symmetrical manifolds with 450, 60° and 90° subtending
angles of the wyes were investigated. The 45° manifold consisted of a
45° wye followed by a 22-1/2o elbow, which was built up from a 15°
and a 7-1/2o elbow, connected to each downstream limb of the wye.
A similar set-up was made for the 90O manifold, replacing the 45° wye
with the 90° wye and the elbows with 15° and 30° elbows. For the
60° manifold, 30° elbows, one on each limb of the 60° wye, were used.
Details of the outlines and dimensions of the manifolds are illus-
trated in Figure 1-9.

These elbows, of constant diameter, consisted of a series
of small-angle mitre bends joined together without any rounding at
the planes of intersection. Each elbow was designed according to the

(12)

recommendafion of Bier , with bend radius (15 inch) equal to four
times the diameter of the mitre bend (3.75 inch) and a deflection
angle of 7-1/2O between segments. Details of the outlines of the
elbows are shown in Figure 1-9 and Plate 5.

Since the segments of the elbows were glued together, final
machining of the flanges at the ends of each elbow was necessary in
order to achieve accurate alignment. (It is essential that the main
pipe and the branch pipes are parallel and lie in the same horizontal
plane.) When two elbows were connected to form a required deflection
angle for a manifold, two locating pins were installed on each side

of the elbow flanges to eliminate any distortion in the horizontal

plane and to fix the combined elbow into final position.



PLATE 4 Tapered Wyes in Horizontal View

PLATE 5 Elbows

10



11.
D. Tie-rods
Four tie-rods designated as TR1, TR2, TR3, and TR4 having
diameters 0.187, 0.380, 0.562 and 0.754 inches respectively were
used in the investigation of the head losses in wyes and manifolds.
All of them were made of lucite except the TRl tie-rod which was
made of brass. Each of the four tie-rods was placed in turn at the
theoretical centre of a wye, and screwed tight to its inner surface.
E. Orifices
The variation of discharges was controlled at the inlet
by the control valve and at the two outlets by orifices. Table I-2
and Plate 6 show the details of the orifices. These orifices were
placed, one at a time, at the downstream end of the branch pipe.
Each orifice was machined on one side to obtain a clean and sharp
edge free from burrs. Throughout the experiments, the orifices were
placed in such a way that the sharp edges were facing the flow with
the centerlines of the orifices at the same elevation.

F. Set-up of Model

(1) For wye arrangements:
A wye was first bolted to the branch pipes. The joints
were checked by hand to ensure a proper alignment. The connection
of the wye to the main pipe (see Plate 7) was made with the help of
two 1ocating pins installed in the downstream fiange of the main pipe
to eliminate any offset between the wye and the main pipe.
(2) For manifold arrangements:
Elbows were first bolted to the branch pipes, then to

a wye (see Plate 8).
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PIATE 6 Orifices and Tie=-rods

PLATE 7 Top View of Wye in Place



PLATE 9 Manometric Board with Gauge Tanks

3
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For the final set-up of the whole system, the main pipe

was aligned by means of a theodolite, and the pilpes were leveled

accurately with a carpenter's level. Leather belts were used on the

main pipe and at places close to the outlets of the branch pipes to

prevent vibration.

1.3 INSTRUMENTATION

The following instrumentation was used to measure pressure
‘heads, and determine discharges.

A. Pressure Taps

A typical pressure tap with an opening of 1/8 inch, as
shown in Figure 1-11, was used in the experiment. The brass tube was
held in position by a 1/8 inch National Taper Pipe threaded screw
(NTP) in a 7/8 inch lucite tube. The NTP in turn was connected to a
3/16 Imperial threaded nut with rubber ring at the junction to elimi-
nate possibility of any leakage.

The opening of the pressure tap should be small enough to
prevent any disturbance in the flow along the pipe wall. It must be
normal to the wall and free from any burrs. Any inclination of the
opening, either towards or away from the flow, may cause false
manometer readings.

B. Piezometric Connections

The pressure taps on the piezometric rings were connected
to manometers and gauge tanks by flexible, transparent tubing. The
manometers were installed in groups and connected to the gauge tanks

as shown in Plate 9. Figures I-3 and I-5 show the connections of the
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manometer tubes and gauge tanks to the piezometric rings on the main
pipe, and the left and right branch pipes for both wye and manifold
arrangements .

C. Gauge Tanks, Hook Gauges and Verniers

In spite of efforts to minimize the turbulence-induced
pressure fluctuations by providing the flow straighteners, small
oscillations of the water levels in the manometers were observed.

The water levels in three gauge tanks corresponding to the average
levels in the manometers were used to measure the pressuré heads in
each of the piezometric rings in order to achieve a satisfactory
degree of accuracy. The pressure fluctuations in the manometers were
automatically smoothed out in these tanks.

In this series of tests, three gauge tanks, each of diameter
5.5 inches, connected with four corresponding manometers on the main
and branch pipes, were fitted with hook gauges and verniers to indi-
cate the average pressure heads in the related piezometric rings.

Each pressure head was measured to one thousandth of a foot. By the
use of extension rods fitted to the hook gauges when required, the
range of difference in pressure heads would be increased from 2 ft.

to 3 ft. (i.e., 6 inch additional at the top and 6 inch at the bottom)
using the same verniers. The vernier in the upstream gauge tank was
set an arbitrary 0.210 ft. higher than those in the central and down-

stream gauge tanks to facilitate measuring.

1.4  EXPERIMENTAI, MEASUREMENTS

A. Measurement of Weight of Water

A weighing tank with maximum capacity of 20,000 1lbs. was
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used to measure the weight of water. The scales of the weighing
tank were checked and found correct before starting the experiment.

B. Measurement of Time

The time interval for a particular weight of water, which
was collected in the weighing tank, was recorded by an electric clock
to 0.1 second.

C. Measurement of Temperature

For each test, the temperature of water was read by thermo-
meter and the density and the kinematic viscosity were determined for
the purpose of calculating discharges and Reynold's numbers (Re =
VD /v ) in the corresponding main and branch pipes.

D. Measurement of Pressure Head

The pressure head was measured from the water levels of three
gauge tanks under the assumption that the flow was in the steady state
condition, and that the water levels in the gauge tanks were constant.
Since the area rétio of a manometer tube (1/4 inch in diameter) to a
gauge tank (5.5 inchus in diameter) was approximately 1 : 480, a
period of not less than 2 hours was considered necessary to.adjust the
water levels in the géuge tanks to the steady state condition.

In measuring the pressure heads, the presence of air bubbles
in the flexible tubing connected to the piezometric points will
greatly affect the accuracy. Great care was taken to.ensure that all
air bubbles were removed prior to taking any readings.

E. Discharge Determination

The discharge was determined from the weight of water dis-

charged within a certain time interval, During the experiment,
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discrepancies were found in measuring the weight of water unless a
sufficiently long time interval was adopted. For all tests, a time
~interval of approximately 300.seconds was required in order to achieve
“an accurate discharge determination.
The discharge and the velocity head in each pipe was

obtained from the formulas as follows:

Q=W / (£ %W  ==memmmmemmmememceeecoeoooos (1)
2

b= VS e (2)

v 28

in which Q = discharge, in cfs; W = weight of water, in 1lbs; t = time

. . , . . 3
interval, in secs; w = unit weight of water, in 1lbs/ft™; V

mean

velocity in pipe, in fps; hv = velocity head, in ft; and g = accel-

. . . 2
eration of gravity, in ft/sec
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CHAPTER II

BASIC CONCEPTS RELATING TO HEAD LOSSES

When water flows through a closed conduit, certain resistances
are created which oppose the motion, and depend upon the geometrical
form of the conduit. They are caused by friction, changes in flow
direction and cross section, merging and dividing of flows and from
other causes. Kinetic energy is converted into heat energy through
the action of turbulence. As far as the head losses at the junctions
for divided flows in branched pipe systems are concerned, the
continuity, momentum, and energy equations, and the free-streamline
theory have been applied to evaluate the approximate head losses for
flow through bifurcations and trifurcations (13), (14), (15), (16).
Accurate determination of such head losses, if required, can only be
obtained by model tests.

In this study, the model tests of the head losses resulting
from the flow through both a wye and a manifold were based on the
energy equation of Bernoulli for the one-dimensional conditionm.

These losses were calculated under the following assumptions:

(1) the mean velocity at each cross-section is representative
of the flow at that section.

(2) the flow passing through the cross-section where the measure-
ment of pressure head was made is in steady and irrotational motionm.

(3) the longitudinal axis of the whole system is horizontal.
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2.1 FORM LOSSES OF WYES

The energy equation of Bernoulli for the one-dimensional con-
dition states that the total head -- consisting of the sum of the
velocity head, pressure head and geometric head of the fluid -- above
an arbitrary horizontal reference plane must be equal to that above
the same reference plane at any successive section, plus the inter-
vening head losses. For a horizontal wyé arrangement as shown in
Figure I1-3, the energy gradient lines are extrapolated to the theo-
retical centre of the wye on the basis of a sudden transition at that
point. (See Figure 1I-1). The form loss of the wye is determined as
the difference between the energy gradient lines upstream and down-
stream of the wye measured at its centre. This form loss, 4h, can

be expressed from the energy equation as follows:

h +h _=h, +h,+ ah+h__ +h —mmmmmeo-- (3)

pm vm pb vb fm £b
or
ah = Ahp + (hVm - hvb) - (hfm + hfb) ---------- (4)
in which h__, h and h_, = piezometric head, velocity head and skin
pm’ vm fm
friction loss of head in the main pipe, in £t; hpb’ hVb and hfb =

piezometric head, velocity head and skin friction loss of head in omne
of the branch pipes, in ft; and «ah_=h - h , = difference of

P pm pb
piezometric heads, in ft.

The wye loss coefficient, k, based on the velocity head in the

main pipe can be expressed as
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When the velocity, the skin friction loss and the pressure head
at the piezometric ring on each pipe for a particular discharge are
known, the form loss of a wye can be obtained from Equation (4).
The loss coefficient of the wye is determined from Equation (5).

The distance from the theoretical centre of each wye to the
piezometric rings on the main and branch pipes is tabulated in
Table II-1. The skin friction losses for the particular lengths from
S to T in the main pipe and from T to D1 or D2 in the branch pipes
- are determined in Section 4.1. The pressure heads at the piezometric
rings are obtained from the steady water levels of the three gauge

tanks connected to the manometers. The velocity heads are obtained

from Equation (2).

2.2 FORM LOSSES OF MANIFOLDS

For a manifoid as shown in Figure 1I-2, the energy equation can
be derived in the same way as Equation (3) where A h is the form loss
.0of a manifold instead of a wye. From Equation (4), the form loss of
a manifold is obtained. The manifold loss coefficient, k, based on
the velocity head in the main pipe is obtained from Equation (5).

The distance from the theoretical centre of each wye to the
piezometric rings on the main and branch pipes for manifold arrange-

ment is given in Table 11-2.

2.3 HYDRAULIC POWER LOSSES IN WYE AND MANIFOLD ARRANGEMENTS

In most instances, the determination of the hydraulic power
loss resulting from the passing of flow from the main pipe into the

branch pipes is necessary. This study was made to ascertain the
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relationship between the hydraulic power loss and the proportional
flow of water through the branches of the wye and manifold arrange-
ments.

The hydraulic power loss in a branched pipe system can be

expressed as

Po=w (Q AR +Q ah))  -mmmeeooseeeeeoooioooos (6)

in which Pv = hydraulic power loss, in ft-1b/sec; Qr and Ql = dis-
charges in the right and left branches respectively, in cfs; and
Ahr and Ahl = form losses of wye or manifold resulting from the
flow passing through the wye or manifold into the right and left
branches respectively, in ft.

The above equation can be made more useful for direct applica-

tion by reducing all the terms of it into a dimensionless expression.

The hydraulic power in the main pipe, Pm’ is expressed as

in which p = hydraulic power loss in dimensionless form; Qm = dis-

charge in the main pipe, in cfs; and kr and kl = the coefficient of

A-hr, and of ~ h, based on the velocity head in the main pipe.

1
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CHAPTER III

EXPERIMENTAL INVESTIGATIONS

3.1 PRELIMINARY INVESTIGATION

In the initial stage of the study an experimental model was
set up and subsequently modified to meet certain proposed hydraulic
requirements as follows:

A. Symmetrical Velocity-Distribution in Main Pipe Close to Wye

Horizontal velocity traverse tests were performed across
the main pipe at a section about 6 inches upstream from the wye.

These tests were made by Ahmed(6)

who provided maximum discharge of
0.92 cfs in one branch with the other branch completely closed.

After the length of the influent main pipe was increased to 75 pipe-
diameters and two flow straighteners installed in the upstream main
pipe, the test showed that a symmetrical velocity-distribution about
the longitudinal axis of the main pipe across the test section was
achieved. Since the symmetrical velocity-distribution was demonstrated,
the flow patterns for a symmetrical flow condition in each of the

branch pipes would have to be identical.

B. Characteristic Velocity-Distribution at Piezometric Stations

at Branch Pipes

The distutbance arising from the flow passing through a wye
or manifold can influence pressure readings for some distance down-
stream of the wye or manifold. Experience Bas shown that a minimum
distance of 25 pipe-diameters is necessary for gradual modification

of the velocity distribution to a characteristic form through the
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remainder of the straight pipe. Therefore, a piezometric ring was
provided at the downstream end of each branch pipe, resulting in a
length-diameter ratio of approximately 30.

C. Condition of Discharges into Free Atmosphere at Outlets

Large troughs were provided at the outlets of the branch

pipes to ensure atmospheric pressure at the orifices.

3.2 FLOW PATTERNS

A few of many possible flow patterns under different flow con-
ditions, i.e., symmetrical, unsymmetrical and one-leg flows, are
shown in Figures III-1 and III-2. It was observed that the region
of thg eddies formed in a wye or manifold was influenced directly by
the discharge, the velocity, the size of the tie-rod, the subtending
angle of the wye and the proportional flow of water through the

branches.



24

CHAPTER IV

EXPERIMENTAL. PROCEDURES

4.1  DETERMINATION OF SKIN FRICTION LOSSES IN MAIN PIPE AND BRANCH

PIPES

The form loss of a wye or manifold was obtained from Equation
(4) with the skin friction losses in the main and branch pipes
determined in advance. For any given lengths, the skin friction
losses in either the main pipe or each branch pipe under various dis-
charges were determined by interpolation and by proportion from the
empirical equations as derived below.

A. Skin Friction Loss In Main Pipe

The installation, as shown in Firuge I-3, was used to
determine the skin friction loss in the main pipe for length SS1
(3.375 £t.). Two of the gauge tanks were connected to the piezometric

rings at the cross-sections of S and S (See Figure I-3). As the

. 1 ) )
velocity heads at these sections were equal, no velocity-head cor-
rection was required, therefore the difference of pressure heads
between these two sections indicated the skin friction loss.

The main pipe was tested with wvarious discharges ranging
from 0.32 to 1.50 cfs and the results tabulated in Table IV-1. When
the results were plotted on a log-log scale as shown in Figure IV-1,

a linear relation between the skin friction loss and the corresponding

discharge was detected. Hence, by using the method of least squares

for curve fitting, the following empirical equation was obtained.
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= 1.789
hf (SS].) = 0.0825 Q 7T ememmeccecme e - (9)

in which h = skin friction loss in the main pipe for length

£ (SSl)
SSl’ in ft.

B. Skin Friction Losses in Branch Pipes

The experimental set-up for the determination of the skin
friction loss, for length BB1 (9.0 £t.), in each of the branch pipes
is shown in Figure IV-2. The tests were conducted similarly to those
which determined the skin friction loss in the main pipe. Correction
for velocity head between the upstream piezometric ring of the inlet
pipe and the downstream piezometric ring of the branch pipe was made
in the computations.

Each branch pipe was tested with various discharges ranging
from 0.32 to 0.75 cfs and the results tabulated in Table IV-2. When
the results were plotted on log-log graph papers as shown in Figures
IV-3 and IV-4, similar linear relationships for each branch pipe as
for the main pipe were found. By using least squares curve fitting,
the empirical equations for the friction loss in each branch pipe
were obtained as follows:

(1) For the right branch pipe (Sections B and D)

1.821
he = 1.0696 Q "7 ecmmoeoooeoooo oo (10)

(2) TFor the left branch pipe (Sections A and C)

he = 1.0667 Q 181 et (11)

in which hfr and hfl = gkin friction losses in the right and left

branches pipe respectively for length BﬂBl (9.0 ft.), in ft.
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4.2 SEQUENCE OF EXPERIMENT

In each testing arrangement, a series of head loss tests was
made to determine the losses in the wye or manifold under different
flow conditions.

The tests were started with symmetrical flow condition. Ori-
fices of equal size were placed at the outlets of the branch pipes
and the control valve was then adjusted to the required discharge.
For each test the discharge in the main pipe was set at approximately
1.50, 1.10, 0.92, 0.75, 0.50 and 0.32 cfs in turn. When the water
levels in the gaﬁge tanks became constant, the measurement of combined
discharge, right and left branch discharges, the measurement of
pressure head from the gauge readings and the measurement of water
temperature were taken.

The tests of unsymmetrical flow conditions were carried out
next. Orifices of different sizes were placed to control the propor-
tional flow of water through each of the branches. The ratio of
branch discharge to the mainbpipe discharge varied from 0 to 100%.
For the purpose of comparing the form losses of wyes and manifolds,

a constant discharge in the main pipe was maintained at 0.75 cfs for
the testing arrangements with the subtending angles of 90° and 600,
and 0.92 cfs for that with the subtending angle of 45°. Measurements
were then taken as in the foregoing paragraph.

The tests of one-leg flow conditions, where one branch was com-
pletely blocked off and an orifice of appropriate size was placed at
the outlet of the other branch, were finally conducted. The discharge

in the open branch varied from 0.32 to 0.92 cfs.
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CHAPTER V

RESULTS AND CONCLUSIONS

5.1 RESULTS

A. Form Losses of Wyes

Tables V-1 to V-10 give the hydraulic computations of the
form losses and loss coefficients for the 900, 60° and 45° wyes in
the wye arrangements:

- Tables V-1 to V-5 give the computations for the 90° wye
without any tie-rod, and with the TR1, TR2, TR3 and TR4
tie-rods placed in turn at the theoretical centre of the
wye respectively.

Tables V-6 to V-9 give the computations for the 60° wye

without any tie-rod, and with the TR2, TR3. and TR4 tie-

rods respectively.

Table V-10 gives the computation for the 45° wye without

any tie-rod.

The results of the above computations are plotted in
Figures V-1 to V-9:

Figures V-1, V-4 and V-7 show the form loss coefficient vs.

discharge under symmetrical flow conditions for the 900,

60° and 45° wyes respectively.

Figures V-2, V-5 and V-7 show the form loss coefficient vs.
o

discharge under one-leg flow conditions for the 900, 60

and 45° wyes respectively.
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Figures V-3, V-6 and V-8 show the form loss coefficient vs.
the ratio of branch discharge to the main discharge under
unsymmetrical flow conditions for the 900, 60° and 45° wyes
respectively.
Figure V-9 shows the comparisons of the form loss coeffic-
ients
(a) among the three wyes without any tie-rod, and
(b) between the 90° and 60° wyes with the TR3 tie-rod,
under unsymmetrical flow conditions.

B. Form Losses of Manifolds

Tables V-11 to V-15 give the hydraulic computations of the
form losses and loss coefficients for the 900, 600 and 45° manifolds
in the manifold arrangements:

Tables V-11, V-13 and V-15 give the computations for the

900, 60° and 45° manifolds respectively without any tie-rod.

Tables V-12 and V-14 give the computations for the 90° and

60° manifolds respectively with the TR3 tie-rod.

The results of the above computations are plotted in
Figures v-1b to V-14 under symmetrical; one~leg and unsymmetrical
flow conditions respectively.

Figures V-13 and V-14 show the comparisons of wye and mani-
fold loss coefficients without any tie-rod, and with the TR3 tie-rod
under unsymmetrical flow conditions respectively.

The same coordinate systems for plotting have been adopted

as in Section 5.1.A.
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C. Hydraulic Power Losses in Wye and Manifold Arrangements

Tables V-16 and V-17 give the computation of the hydraulic
power losses for the wye and manifold arrangements respectively.

Figures V-15 and V-16 show the hydraulic power loss vs. the
ratio of branch discharge to the main discharge for both arrangements

respectively.

5.2  CONCLUSIONS

(1) The form loss coefficient of a wye or manifold is a function
of the.proportional flow of water through the branches, the size of
the tie-rod used and the subtending angle of the wye.

(2) Separate head loss tests for wyes, manifolds and elbows
indicated that the form loss of a manifold -- consisting of a wye and
"two elbows -- is less than the sum of the individual form losses of
the wye and elbows.

(3) An internal tie-rod placed at the theoretical centre of a
wye tends to create considerable pressure fluctuations and disturbance
in the downstream branched flow, as well as increasing the form loss.

(4) The form loss coefficient of a wye or manifold is not
necessarily a minimum for a symmetrical flow condition.

(5) For a symmetrical flow condition, the form loss coefficient
of a wye or manifold is not greatly affected by the amount of dis-
charge. The form loss coefficient increases as the subtending angle
of the wye and the size of the tie-rod are increased. The system
without any tie-rod in either the 45° wye or the 45° manifold had the

lowest form loss coefficient.
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(6) For a one-leg flow condition, due to the turbulence assoc-
iated with eddies in the closed branch of a wye or manifold, the head
loss in the closed branch is generally greater than the head loss in
the open branch.

(7) All the tests indicate that a one-leg flow condition is the
most inefficient.

(8) For an unsymmetrical flow condition, the form loss coeffic-
ient of a wye or manifold is greatly affected by the proportional
flow of water through the branches and the size of the tie-rod. For
any fixed ratio of branch discharge to the main discharge, the form
loss coefficient increases as the size of the tie-rod is increased.

(9) For an unsymmetrical flow condition in a wye or manifold
without any tie-rod, the form loss coefficient is a minimum when the
ratio of branch discharge to the main discharge is approximately 0.6.
Under the same flow condition with a tie-rod, the form loss coeffic-
ient is a minimum when the ratio of branch discharge to the main
discharge is approximately 0.4.

(10) Referring to Figures V-13 and V-14, the curves of form
loss coefficient vs. discharge ratio obtained for both a wye and a
manifold are similar under the conditions that (1) no tie-rod is used
in either the wye or manifold; (2) if a tie-rod be used, it shall be
identical in both arrangements; and (3) there shall be an identical

subtending angle of the wye.
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APPENDIX

HEAD LOSSES IN ELBOWS

The head loss in an elbow is considered herein to be the loss
in excess of that in a straight pipe of equal length. It is prim-
arily caused by the induced spiral motions of flow in the elbow which
are probably independent of its length and create a considerable
disturbance downstream. The motion around the elbow tends to take on
the characteristics of a free vortex having a larger velocity at the
inside of the elbow than that at the outside. Correspondingly, the
pressure at the inside is less than that at the outside. At the
downstream end of the elbow, the velocity distribution depends on
the flow in the elbow. This distribution changes gradually in the
dovnstream straight pipe until it assumes the characteristic form of
that in a straight pipe.

This study is mainly concerned with the head losses of the
elbows which are used to construct the manifolds. The purpose of
the study is to determine the head losses in the elbows alone.

From the set-up shown in Figure A-2, for horizontal piping, the
localized elbow loss can be expressed from the energy equation as
follows:

h.+h_.=h +h
v

ity =y + Ahy + h

he =~ =m=mmmome- (12)

b £gi T Pep

or

ahp = ab 4 (b, =) - (hyy Fhyg) ommmoeeees (13)
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in which A h_ = head loss in an elbow, in ft; h ., h ., and h.. =
E pi’ wvi fi
piezometric head, velocity head and skin friction loss of head in
the upstream inlet pipe, in ft; and hpb’ hvb and hfb = piezometric
head, velocity head and skin friction loss of head in the downstream
straight pipe, in ft.

The elbow loss coefficient, kE’ based on the mean velocity

head in the upstream pipe is thus expressed by

in which Vi = velocity in the upstream pipe.

Table A-1 gives the distance from the theoretical centre of
each elbow to both upstream and downstream piezometric rings. The
downstream piezometric ring has a distance of approximately 30 pipe-
diameters downstream of the elbow.

The results of the tests are tabulated in Tables A-2, A-3 and
A-4 for 450, 30° and 22-1/20 elbows respectively. The loss coeffic-

ients of the elbows versus discharges are plotted in Figure A-3.
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TABLE I-1 Areas of Main, Branch and Inlet Pipes

36

Description Mean Diameter Mean Area Diameter at Area at
Piezometric  Piezometric
Ring Ring
(inch) (sq.ft.) (inch) (sq.ft.)
Main Pipe 5.252 0.1503 5.251 0.1503
Right Branch 3.746 0.0764 3.750 0.0766
Left Branch 3.750 0.0766 3.748 0.0766
Inlet Pipe 3.734 0.0759
TABLE I-2 Orifice Arrangement
Numerical Desig- External Internal Remark
nation of orifice Diameter Diameter
(inch) (inch)
X 3.720 3.622 ) Rounded edge
1 3.720 3.300 orifices
2 3.720 3.175
3 3.720 2.913
4 3.720 2.749
5 3.720 2.490
6 3.720 2.000
7 3.720 1.342
8 3.720 0.840
9 3.720 0.542
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TABLE II-1 Distance from Theoretical Centre of Wyes to Piezometric Rings

on Main and Branch Pipes *
(For Wye Arrangement)

Particulars Distance Distance Distance Distance Distance Distance
SS4 SAT ST TS1 or T52 SlDl TD1 or TD2
or SZDZ
(ft) (ft) (ft) (ft) (ft) (ft)
90o Wye 0.500 0.125 0.625 0.374 8.833 9.207
60° Wye 0.500 0.083 0.583 0.497 8.833 9.330
450 Wye 0.500 0.060 0.560 0.608 8.833 9.441

* See Figure II-1.

TABLE TI-2 Distance from Theoretical Centre of Wyes to Piezometric Rings

on Main and Branch Pipes *%
(For Manifold Arrangement)

Particulars Distance Distance Distance Distance Distance Distance
ST TS1 or TS2 Slcl ClFl FlDl TClD1
or SZCZ or CZFZ or F2D2 or TCZD2
(ft) (fr) (ft) (ft) (ft) (ft)
90° Manifold 0.625 0.374 0.641 0.500 8.833 10.348
60° Manifold 0.583 0.497 0.333 0.333 8.833 9.996
45° Manifold 0.560 0.608 0.370 0.238 8.833 10.049

*% See Figure II-2.
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1 2 3 4 b [ 7 8 9 10 11 12 1 14 13 16 17 18 19 20 2t 2 3. 2 13
1R L| M 15000 206.0 205.9% wuo 1.481 0.9%% 0.381 0.357 a.210 0.167 0.031 9.856 1.508 (0.126) 4.42
205.9
1| #1] n 15000 325.) 32t ) 62.28 0.740 0.807 0.819 0.63)3 0.664 9.666 1.451 0.201 0.133 2.96
325.3 - .
L 15000 325.8 32598 0.740 0.783 0.618 0.632 0.663 w.uua 1.448 0.180 0.119 2.96
375.5 . .
2{R L{ W 19000 2749 2749 :.un L1.110 0.138 -0.113 -0,130 0.210 0.099 0.018 1.384 0.847 {0.129) 3.1
274.9
1 R 12000 5.0 348.0 62.28 0.554 0.47% 0.365 0.373 0.391 .20 0.811 0.11% 0.1a0 2.2y
2 348.0
1 12000 WMWM 347.88 0.554 0.438 0.366 03t 0.393 2.2 0.812 0.100 0.118 2.2
3R L] W 15000 217 . e " 0.749 0.861 0.863 0.859 0.210 0.049 0.009 4.982 . 0.388 (D.134) 2.17
31 . .
»3 R 7500 322.2 322.2 62.27 0.37% 0.232 0.178 0.182 0.191 4.880 0.370 0.056 0.143 1.52
3222
L 7300 321.1 321.15% 0.378 0,220 0.101 0.185 0.194 4.896 0.372 0.047 0.11) 1.92
311.2
4R L] M 10000 320.3 320.3 ub.ua 0.501 0.863 0.966 0.936 0.210 0.025 0.004 3.336 0.17% (0.1%0) 1.46
320.3 .
55 » 5000 318.5 RILS.] 62.27 0.252 0.117 0.097 0.089 0.09) 3.291 0.168 0.028 0.16) 1.03
8.5 f .
L 5000 322.7 3.7 0.249 0.107 0.086 0.088 0.092 3.288 0.164 0.014 0.13%7 1.02
3227 .
S {R L | n 7000 356.3 336.53 qko 0.315 1.017 1.179 1.178 0.210 0.010 0.002 2.098 0.068 {0.164) 0.91
356.6
o6 R 3500 356.9 356 .83 62.27 0.158 0,049 0.037 0.038 0.040 2.0%6 0.066 0.012 0.173 0.64
356.8
1 3500 3370 3s7.2 0.137 0.048 0.0 0.038 0.040 2.0% 0.066 0.011 0.154 0.54
357.%
6 |R L | M 15000 320.5 320.% uu.vu 0.752 1.260 1.648 =0,34) 0.210 0.050 0.00% 3.000 0.388 2.18
320.5 .
x+9 | ®» 15000 325.6 325.63 62.28 0.740 1.81) 0.984 0.618 0.632 0.641 9.633 1,448 0.11% 0.190 2.9
315.7
L 300 387.4 387.6 0.012 -0.176 0.016 0.000 0.000 0.010 0.162 0.000 0.202 0.321 0.0%
387.8 "
7 [r L | m 135000 T3 a9 :.wo 0.748 1.79% 2.172 0.30% 0.210 0.049 0,009 4.978 0.388% 2.1
s .
©e | u 15000 336.0 336.05 | 61.28 0.7 1.682 0.957 0.58) 0.597 0.606 9.356 1.359 0.102 . 1.9
336.1
L 600 299 .4 299.5% 0.032 ¢ ~0.181 0.0483 0.002 0.002 0.011 0.420 0.00) 0.1%0 0.49) 0.13
299.6
8 IaL | x 15000 310.7 320.7% uuc 0.751 1.4611 1.806 o0.182 0.210 0.049 0.009 4.996 0,308 2.14
320.0
147 1 0 15000 357.) 3571.3 82.28 0.674 1.43% 0.895 0,522 0.5% 0.543 B8.800 1.202 0.081 0.210 2.69
337.3 .
L 1600 g LE ] 0.078 ~0.183 0.105 0.01t 0.011 0.020 1.028 0.016 0.166 0.429 0.31
327.4 '
9 2L {m 135000 320.0 0.0 | 13.5° 0,152 0.813 t.184 {-0.022 6.110 0.030 0.00% 3.00? 0.38¢9 2.18
320.1 . . .
Be | & 12000 324.0 324.0 62,20 0.593 1,008 0.191 ., 0.415 0.425 0.434 7.764 0.936 0.064 0.188 1.3
324,0 .
L 3500 356.9 357.0 0.157 -0,181 0.209 0,038 0,038 0,040 2.08% 0.06¢ 0.113 0.1% 0.63
337.1

.
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IARLE Y-1 Porm Loss Date for 90° Wye Without Tie-rod (Cont'd)
- .
~E & 8 < o
7 Le c 2% 12 H v
3 S 5 | 2.1 3 2q |5 - N
: ~ | el i3s3 ¢ |2 . g |8 "
= o gxe =y e e c s n -] ~
- - - ~— c o L)
: - b c ] c o~ - - - - - b3 = e o o
- - ] c -~ - -~ - ~ Yo £ —~ —~ - - o F] oo~ Cl € —
2. S L S »S "™ o c Lol gc o h ok T e N oy b4 L x
i 5 £ ets g8 | B | ES g | gl ix ] & g g3 g &0 3 P o2 | =a A
oo < 3 ' -~ < s T x o 5w om ~c ~ £ ~y ~5 c -9 S -~ - v
w o 4L - cE - ) -« - «c v [} oe » [ S P 5 ] - L) .- . w I
s™ed - -3 < G o e v b vee L HE H avy s b4 =< w o u ¢
s cac . -3 u ac o x ] ™ scy g~ - = pr} < b4 - 8 3
g (8352 ¢ Podess) = |2 L3 ] ot 5o &k .o | 3% | 38| 35 [85.( 3 s | & 55 | 35| © 2
N EAN T '8 - - 5 S bl 29 © ._m.r L gw £ n PR esE) T » » H - ° <8 -
] v O.Mt c v o . mm 8 - 8 - o LEC o 58 S8 sSw «o.hh [ o k) »e »e m 53 v
=z | O U X e M Iy e bl [ o G s 3¢5 855 ov b el pelak-] - rr} "] -m -a ) -
o b .m_mk.u Fl B LS 5 x o rEy x c 3 uwm Caw sy Kl Ly gu® Fl 2 2 ¢ . ™ ¢ Se e
sl (SE55 ) % I I O S A 5 | EEL 1 2331 22 | £X ) =% 235 @ s |3 x| 22| g se | &
= {o Fdad = < o a =2 EL = > -5 aC® | wi = - - - > P4 3 KXi K &8 K
1] 2 3 4 5 6 ? 8 9 10 i1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
10 IR L | M 15000 322.6 3. - 7%° 0.747 1.881 2.216 1.230 0.210 0.049 0.009 4.971 0.384 2.16
J22.6
46 | R 12000 348.9 368.9 62,27 0.552 0.861 0.760 0.363 0.31 0.380 7.211 0.807 0.057 0.149 .24
348.9
L 4000 330.4 330.3 0.195 -0.123 0.260 0.055 0.056 0.065 . 2.539 0.100 0.0%) 0.26) .79
330.2
11 JR L | H 15000 319.7 319.8 7° 0,753 1.09% 1.320 0.740 0.210 0.050 0.009 5.012 0.390 2.18
319.9
45 | R 10000 335.6 335.6 62.27 0.479 0.369 0.638 0.279 0.286 0.295 6,247 0.606 0.058 0.148 1.%96
335.6
L. 6000 352.6 352.65 0.273 «0.011 0.362 0.102 0.104 0.113 3.567 0,198 0.068 0.175 L1
. 352.7
12 |R L | M 15000 320.1 320.05 7"%° 0,753 1.742 1.891 1.513 0.210 0.050 0.009 5.008 0.389 2.18
320.0
35 | R 9000 325.7 325,75 | 62.27 0444 0.439 0.591 0,244 0.249 0.258 5.792 0,521 0.04% 0.126 1.80
325.8
L 6000 Ji12.8 2. 0.308 0.061 0.409 0.127 0.129 0.139 4.023 0.251 0.060 0.155 1.25
2.6
13{R L | 115000 321.0 320.9 [ 0.751 2.275 2.363 2.131 0.210 0.049 0.009 4.99% 0.387 2.17
320.8 )
4*S { R BOCO 308.7 308.7 62.27 0.416 . 0.3%4 0,533 0.217 0.222 0.231 5.433 0.458 0.052 0.13% 1.69
308.7 ‘ .
L 7000 336.3 336.25 0.334 0.122 0.445 0.147 0.150 0.159 4,364 0.296 0.054 0.140 1.36
336.2
b |R L | M 18000 339.1 339.15 7° o..mu» 1.980 2.415 | -0.213 0.210 0.062 0.011 5.671 0.499 2.47
339.2 .
X+0 | R 18000 3¥9.1 339.18 ) 62.27 0.852 2,403 0.800 0.618 0.829 1.127 L2 0.150 0.301 .66
339.2 -
L [} - - 0.000 -0.228 0.000 0.000 0.011 0.000 0.000 0.263 0.526 .00
15 R L | M 15000 .o .o n° 0.748 2.061 2,440 0.397 0.210 0.049 0.009 4,977 0.385 2.13
322.0 ) .
1+0 | R 15000 322.0 312.0 61.28 0.748 1.676 0.630 0.645 0.654 9.765 1.481 0.124 0.322 2.99 .
322.0
L ] - - 0.000 .m.:u 0.000 0.000 0.009 0.000 0.000 0.202 0.526 0.00
:. RL [ HM11000 323.7 323.75 7° 0.546 1.002 2.306 1.186 0.210 0.028 0.005 3,630 0.20% 1.58
BTSN )
240 | A 11000 g 323,75 | s2.27 0.546 1.026 0,355 0.363 0.368 7.123 0.788 0.076 0.364 z.21
323.8
L ] - - 0.000 -0.09% 0.000 0,000 0.005 0.000 0.000 0.105 0.515 ¢.00
17 §R L | M 9000 329.6 329.6 7° 0.439 1.926 2,196 1.463 0.210 0.019 0.003 2.918 0.132 1.7
. 329.6
30 [ R 9000 329.6 329.6 62.27 0.439 0.673 0.238 0.244 0.267 5.725 0.509 0.049 0.370 1.78
329.8
L [} - - 0.000 -0.060 0.000 0.000 0.003 0.000 0,000 0.069 0.520 0.00
18IRL | N 7000 386.1 384.2 74° 0.293 0.728 0.963 0.632 0.210 0.009 0.002 1.947 0.059 0.85
) 3843
w0 1 R 7000 84,1 386.2 62,27 0.293 0,306 0.116 0.117 0.118 3.820 0.227 0.020 0.3y7 1.19
384.3 .
L 0 - - 0.000 ~0.023 F. 0.000 0.000 0.002 0.000 0.000 0.032 0.546 0.00
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a for 90° Wye with TR1 Tie-rod (Cont'd)

IABLE V-2 Form Los
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s | g8 2 8 e 3 < o & . & gz ee | 3 3 34 35 o % 2 28 H £% ol 2
. & vk » [ 2 . © o ¥ [x} v YES g e | g8 csB b > [ o) o H - -
K ok o ou -3 R 2 39 tece w e 8 E S e & u o % [ o e L 3 Iy -
v ] by - & =t 2 el o 8 3
218 [eagu S ® £a i a3 3% -3+ s F 2551y Ty o= il - K] R 32 #3132
PEE-R R I SN B S (- S - B et O - L AP R E T EI I ) && 4 f= | g SRt
TR ENELL | ] v - 3 ° & m £ Iy =aaluse ] o % ] (] va | ve ve 5 SE| &
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1 2 3 4 5 6 7 8 9 10 11 12 n 14 15 16 17 18 19 20 21 22 23 26 25
10 [R L | M 15000 320.3 320.35 12° 0.752 0.784 1.148-| -0.067 0.210 0.050 0.009 5.001 0.388 2.1
320.4 .
1+6 | ® 12000 36.0 323.95| 62.29 0.59% 1.061 0.792 0.415 0.425 0.434 ) 7.763 0.936 0.080 0.205 1.3
323.9
L 3400 3486 3:8.3 0.157 ~0.154 0.208 0.037 0.038 0.047 2.046 0,065 0.122 0.315 0.62
348.2 .
11 (R L | M 15000 320.7 320.7 72° 0.751 1.884 2.216 1.210 0.210 0.049 0.009 4.996 0.388 2.1
320.7
246 | R 11000 1.9 3y 62.29 0.556 0.884 0.740 0.367 0.375 0.384 7.252 0.817 0.071 0.182 2.19
317.9
L 4000 328.6 328.65 0.195 -0.122 0.260 0.058 0.057 0.066 2.551 0.101 0.09% 0.254 0.77
328.7 :
12 |[R L { M 15000 3208 320.8 .,:.uu 0.751 1.060 1.217 0.686 0.210 0.049 0.009 4.99 0.387 2.10
320.8
S | R 10000 335.3 335.3 62,29 0.479 0.584 0.639 0.280 0.286 0.295 6.251 0.607 0.069 0.179 1.88
335.3
L 3000 295.8 295.9 0.271 -0.007 0.361 0.100 0.103 0.112 3.561 0.195 0.074 0.190 1.06
296.0 i
13 {RL | M 15000 320.7 320.7 72° 0.751 .77 1.863 1.667 0.210 0.049 0.009 4,996 0.388 2,11
320.7
S5 | R 9000 325.8 325.9 62.29 0.44) 0.460 0.591 0.243 0.249 0.258 5.788 0.520 0,069 0,179 1.74
326 .0 ’ 3
L 6000 313.3 313.3 0.30?7 0.064 0.609 0.126 0.129 0.138 4.014 0.250 0.063 0.163 1.21
.3
16 {R L § M 15000 321.0 321.0 13° 0.750 2,287 2,30 2.092 0.210 0.049 0.009 4.992 0.387 2.14
321.0
&5 | R 8000 308.5 308.5 62.28 0.416 0.375 0.553% 0.217 0.222 0.231 5.436 0.459 .| 0.072 0.186 1.66
308.5
L 7000 336.2 336.25 0.334 0.127 0.645 0.147 0.150 0.159 4.364 0.296 0.059 0.153 1.34
336.3
15 |R L | M 15000 320.9 320.9 70° 0.750 2.0646 2,641 0.370 0.210 0.049 0.009 4.992 0.38? 2,06
320.9
140 | R 15000 320.9 320.9 62.30 0.750 1.904 0.634 0.649 0.658 9.795 1.490 0.146 0.371 2.88
320.9
L 0 - - ¢.000 -0.167 0.000 0.000 0.009 0.000 0.000 0.211 0.545 0.00
16 !R L | M 11000 318.2 318.28% 78° 0.555 2.064 2.367 1.212 0.210 0.029 0.005 3.693 0.212 1.61
318.3 ) :
240 { R 11000 318.2 318.25| 62.27 0.535 1.062 0.366 0.375 0.380 7.266 0.815 0.078 0.370 2.25
’ 318.3 ’
L o - - 0.000 «0.093 0.000 0.000 0.005 0.000 0.000 0.11) 0.536 0.00
I7(RL| M 9000 324.9 326,95 75° 0.445 1.977 2.246 1.692 0.210 0.019 0.004 2.960 0.136 1.30
.325.0 . .
30 | R 9000 3.9 324,95 62.26 0.445 : 0.695 0.245 0.250 0,254 5.807 0.524 0.053 0.392 1.82"
325.0
L o - - 0.000 -0.039 0.000 0.000 0.004 0.000 0.000 0.073 0.340 0.00
18|(xL [N 7000 355.0 355.0 78° 0.317 1.024 1.263 0.870 0.210 0.011 0.002 2.107 0.069 0.92
333.0 '
&0 | R 7000 355.0 355.0 62.27 0.317 0.366 - 0.3 0.133 0.137 4,134 ; 0.265 0.0 0.447 1.28
3ss.0 i .
L o . L3 0.000 -0.029 ©.000 0.000 0.002 0.000 i 0.000 0.038 0.551 0.00

1%
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1 K 19000 206.6 | 206,35 | 69.5° | L4091 1160 | 0.814 | 0.385 0.110 0.169 | 0.03t 9.921 | 1.528 0.0 | 4.06
1044
Ri{ R 13000 320.6 | 320,68 | 62.31 | 0.7% t.008 0.635 | o0.649 | 0.680 9.801 | 1,492 0.361 | o0.236 | 2.8¢
320.7
141 | L 15000 324.6 | 3246 0.782 0.9%6 0.621 | o0.635 | 0.668 9.682 | 1.436 0.362 1 ©.237 | 2.83
-4 - 326.6 .
2 M 19000 2783 | 278,23 { 67° 1.096 | 0.199 |-0.126 | -0.168 0.210 0.097 | 0.018 1.290 | 0.825 (0.246) | 2.88
278.2
R L | R 1l000 319.8 | 39,9 | 62.32 | 0.352 0.375 0362 | o0.3n | 0.389 7.203 | 0.806 0,206 [ 0.250 | 2.03
320.0
141 | L 31000 314.9 | 35,0 0.543 0.333 0.333 | 0,361 | 0.379 7.090 | 0.781 0.200 | ©0.243 | 2.01
s
3 M 19000 3304 | 333,45 68.9° | o.me | 1018 | 1636 [ 1,627 0.210 a.070 | o0.013 s,084 | o.5T8 (0.231) | 2.46
313.5
k1| mo9s00 333.0 | 333.0 | 621 | 0.438 0.401 0.2%8 | o0.266 | 0.277 5.977 | 0.33% 0.14 | 0.251 | 172
M0
33 L 9500 335.2 § 335.2 0.455 0.392 0.256 | o0.262 | 0.278 5.938 | 0,47 oas | o2 |in
335.2
. » 15000 320.1 | 320,13 9.5" | 0,752 | 0.913 | 0.8%2 | 0.841 0.210 0.0% | 0.009 $.00) | 0.38% (0.249) | 2.05
320.2 .
RL{ R 7300 318.6 | 218,65} 62.31 | 0.378 0.202 0.182 | o.186 | o.19% 4,93t | 0.378 o098 | o0.252 | 1.48
318.7 .
33| L 7300 218 | 3218 0.374 o.M 0.180 | o.184 ! 0.193 4,888 {0371 0,096 | ©0.246 | 1.4
321.7
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343 | 1 3000 325.3 | 328.28 0.267 0.123 0.085 | o.007 | 0.09 3.221 | 0,161 0.0 | ©0.242 | 0.93
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3143
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’ M 15000 221.4 | 21,48 70° 0.749 | 1.389 | 1L | o1 o.210 0.048 | 0.009 4.983 | 0.386 A 2,06
3.8 . g
AL | R 13000 N1.0 | 310.9 | 62.30 | o.67 1.465 0,318 | 0.529 | 0.33% v.762 | 1.192 0.120 | o011 | 2.5
310.8 -
137{ L 1500 300.6 | 308.7 0.078 -0.172 o.011 | o.0ti | 0.020 1.01a { 0.016 0.178 | o0.461 { 0.30
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forw Loss Dats for 90° Wye with TR2 Tte-rod (Cont'd)
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10 ¥ 15000 319.2 319.2 omo 0.756 0.825 1,182 -0,060 0.210 0.050 0.009 5.016 0.3%1 1.9
319.2
RL R 12000 322.6 322.5% 62.33 0.597 1.095 0.7%1 0.418 0.428 0,437 7.19) 0,943 0.106 0.270 2.14
322.4
146 1 3200 32%.5 325.5% 0.158 -0.147 0.209 0.038 0.038 0.048 2.0%9 0,066 0.130 0.333 0.57
325.6
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323.4
RL R 11000 320.5 320.48 62,33 0,351 0.8% 0.760 0.361 0.369 0.378 7.190 | 0.803 0.0% 0.246 2.00
320.6
246 L 4AD0OO 33.6 331,38 0.19 -0.111 0.260 0.035% 0.056 0,065 2,527 0.099 0.106 0,278 0.70
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12 " 13000 3.9 32,85 Ouo 0. 748 1.741 1.870 1.452 0.210 0,009 0,009 4.976 0.384 1.97
321.8 ‘
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3%.8 R
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R L {R 10000 3573 337.2 62.31 0.649 0,719 0,249 0.233 0.2%9 5.865 | 0.53% 0.063% 0.468 1.69
3511 .
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'] M 8000 3%2.2 352.) 89° 0,364 1.630 1.878 1.356 0.210 0,014 0.003 2,425 0.091 0.99
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AL |k 8000 3%2.2 352.) 62.31 0,364 0.484 0.170 0.174 0.177 4,758 | 0.0%1 0.047 0,517 1.3
332.4
&40 |L ] - - 0.000 -0.038 0.000 0,000 0.00) 0.000 | 0.000 0.031 0.556 0.00
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TABLE V-3 Yors Loes Data for 90° Wye vith TRé Tie-Rod
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M 19000 205.0 205 .0% go 1.486 1.302 0.399 0.3%2 0.210 0.168 0.031 9.893 1.520 (0.351) | 3.97
051
= 12000 2.2 324.3 62.32 0.742 1.160 0.622 0.636 | 0.667 9.689 | 1.458 0.353 0.365 Ln
324 .4
L L3000 323.9 323.8% 0.74) 1.123 0.623 0.638 | 0.669 9.703 | 1.462 0.512 0.337 2.18
313.8
K 19000 27183 278.55 nue 1.094 0.292 =0.137 -0.164 { 0.210 0.097 0.018 7.281 0.823 (0.366) 2.80
278.6
N 11000 2.2 322.25% | 62.33 0.548 0.666 0.357 0.366 | 0.384 T7.149 | 0.79% 0.2 0.379 1.97
322.3 . .
L 11000 231 3230 0.546 0.639 0.357 0.365 }0.383 7.131 {0.7% 0.290 0.352 1.96
323.1
M 19000 333.5 333.45 67° 0.914 1.900 1.649 1.640 0.210 0.0 0.013 6.083 0-515 (0.3n1) .M
3334
A 10000 381.5 351.% 62.32 0.457 0.470 0.257 0.262 0.273 5.960 | 0.5%2 0.218 0.319 1.68
351.5
L 10000 1.6 351.7 0.436 0.461 0.358 0.264 {0.277 3.956 | 0.331 0.208 0.382 1.68
1.8
N 15000 320.9 320.9 66° 0.7%0 0.965 0.854 0.845 0.210 0.049 0.00% 4.990 0.387 (0.380) 1.95
320.9
R 7300 30.7 310.713 | 62.3) 0.31% 0.330 0.179 0.184 | 0.193 4.897 |0.372 0.151 0.392 1.36
320.8
L 7300 .t na 0.37% 0.1 . 0.180 0.185 | 0.19% 4.892 | 0.372 0.142 0.368 1.36
aa
M 10000 3na 321.05 | 62° 0.500 0.884 0.937 0.940 0.210 0.024 0.004 3.328 0.172 ) (0.404) 1.3
3.0
- 5000 322.5 322.55% { 62.32 0.249 0.154 0.085 0.087 |0.0%1 3.274 | 0.184 0.0% 0.412 0.93
322.6
L 3000 319.8 319.43 . 0.251 0.157 0.087 0.089 |[0.0% 3.279 | 0.1R7 0.068 0.396 0,%
319.4
N 7000 355.8 338.7 aou 0.316 1.023 1.167 1.163 0.210 0.011 0.002 2101 0.069 (0.432) | 0,88
335.6 .
& 3500 353.6 355.% 62.31 0.158 0.068 0.037 0.038 |o0.040 2.083 | 0.088 0.01 0.8 0.60
335.4 .
L 3500 7.0 356.93 0.137 0.086 0.037 0.038 | 0.040 2.054 | 0.066 0.029 0.419 0.60
336.9
M 15000 .0 321.0% a.ua 0.750 1.313 1.660 | -0.301 0.110 0.049 0.009 4.9%0 0.387 1.07
3.1
R 13000 326.1 326.1% | 62.% 0.738 1.904 0.984 0.61% 0.630 |0.639 9.637 { 1.842 0.210 0.542 2.6
326.2
L 300 393.2 393.3 0.012 «0.137 0.016 0.000 0.000 {0.010 0.160 | 0.000 0.1240 0.620 0.03
393.8
M 13000 g 121.05 | 66° 0.750 1.881 2.200 0.272 0.110 ) 0.049 0.00% 4.907 0.8 1.9%
.o
R 15000 335.4 333.38 | 62.3 0.718 1.789 0.937 0.583 0.59 |0.607 aBes | 1.383 0.203 0.51 1.4
3333
L 700 348.2 340.3 0,032 -0.139 0.043 ©0.002 0.002 {0.011 0.421 | 0.003 0.233 0.604 0.12
3404 -
N 13000 3208 320.8 61.5° 0.750 1.M49 1.7199 0.1A1 0.210 0.0A% 0.00% 4.9 0.3 . 1.9
320.8
R 14000 33 .2 .2 62.31 0.672 1.59 0.093 0.519 0.331 0.340 8.773 | 1.1% 0.16% 0.437 2.%
3.2 :
L 1700 347.2 7.2 0.078 $.1480 0.103 0.011 ©.011 |0.020 1.02¢ | 0.01¢ o.m 0.504 o.uc.
347.2
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TABLE V-3 Porm Loss Data for 90° Vye with TRé Tia-Rod (conttaued) L \

3 -3
% - 3
- o o -
- S 3 &
- - o o L) -
o i E-] ~ -t - — [d
g y - w23 PR - ~ g &
A e M RCR) o~ - o o o ~ B o~
\J o M -~ e m i Be @ (-3 -3 (-] oW - o oy
g s | i3 g F an~ & R L 3 B P T R I < z 2 | .3 | & R
u W - o .Y U e ~ -~ -~ -~ - -l h o “ - n ﬂ
- - - ey - ‘\I LAY m -t - m .. v . m ) - o - of o - -
~ 9 o N O a v o o~ - [-] okl o 3 R -~ - o
B o o - - s - - ” lnph ot -t - O - !rm b a o .w. L - [
o v T C] o - T o - du “ aw Olm I\.m N M (B- ~ m -t - o - \..l - -
gxgs | G IR O s | 38 ¢ o |2 ) cilson]| B i A 3 ¥l
254 4 % S | 349 | 3 3k S 35 | Zaal 2%t 2 zedigeyl B 3 2§ & 3
L3889 m w0 D A g | ¥ a3 - Ral] Y 2y H pr} a a.a g ~ i1
o L w oW L v o » m (ﬂ. el vwh h hko hul C3 -t m - U mr
= - m <o o - - o _ 0 0 8 n m M‘. - o “ - g - -] -~ id
0. - ﬂ..lvy 3 ° mu.u.- ] H 2d 5 R o 0 e 0 -] -] g ﬂtm S q q ".“ “lvu u ”. I‘
£ 5 uchy| 4 s lgzd] ¥ 3% 3% 3% 5 §gs | GEg) 5| BE | RETiESLG & s L - 3 231 3
" - ” “ u “ y JCA I. d - “ - ”n ™ - -~ - v m -y e o - A o W - u N [ ek —.- [
- [Ty '} u a _v o o .-p “ u o u a m n n
BT EEA Polgszl| 8 | 4 & B $: S2%] Sg| sp| S4% 8 k1 $ 0 Be |8 £
&5 (FEas| @ § (&332 & 183 |88 | 8 $ tsy | 2B EZ | ES | Ead)Eal| & ki O IRCK B Y g s =
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M 15000 320.9 320.9 zo 0.750 0.831 1.455 -0.071 0.210 ) 0.04% 0.009 4.989 0.386 ) 1.9
320.9
R L | R 12000 3287 324.75 62.34 0.593 1.112 0.791 0.41) 0.422 | 0.631 7.138 0.930 0.137 0.353 2.10
324.8 :
146 L 3500 387.7 357.6 0.157 <0.114 0.209 0.037 0.038 0.047 2.050 | 0.065 0.160 0.414 0.56
357.5 -
N 135000 321.6 321.65 oub 0.748 1.919 2.210 1.192 0.210 0.049 0.009 4,978 0.38% 1.92
.7 .
RL | R 11000 319.2 319.15 62.33 0.553 0.93? 0.739 0.364 0.372 0.381 7.219 { 0.809 0,131 0.342 1.98
9.
b2 ) L 6000 329.0 329.08% 0.195 «0.081 Q.261 ©0.055 0.037 0.066 2.546 | 0.101 0.13?7 0.387 0.70
329.1
M 15000 320.2 320.15 eon 0.752 1.173 1.346 0.601 0.210 0.050 0.009 5.001 0.388 : : 1.95
320.1 .
R L | ® 10000 336.6 336.65 $2.33 0.4717 0.702 0.634 o.2n 0.284 | 0.293 6.222 | 0.601 0.196 0.506 | 1.73
336.7
M5 L 6000 349.4 349.45 - 0.275 0.037 0.366 0.103 0.106 | 0.1%13 3.5% [ 0.201 0.110 0.282 1.00
349.%
M 15000 3213 321.3 oq.uo 0.749 1.803 1.901 1.4 0.210 ) 0.049 0 009 4.984 0.386 1.99
321.) :
RL {R %00 327.7 322.75 62.32 0.641 0.589 0.588 0.241 0.246 { 0.255 5.7152 0,514 0.206 0.534 1.64
327.8
3 L 6000 311.7 311.6 0.309 0.112 0.612 . 0.127 0.130 0.139 §.034 | 0.253 0.106 0.27% 1.1%
311.8
M 15000 321.3 321.) ouc 0.740 2,331 2.337 2.069 0.210 0.049 0.009 4.984 0.388 . 1.00
" 321.3
RL | R 8000 309.5 309.5 62.32 0.615 04N 0.553 0.215 0.220 | 0.229 5.818 0,455 - 0.173 0.448 1.3%
309.3
L3 ] 1L 7000 335.0 335.0 0.338% | 0.184 0.447 0.247 0.151 0.160 4.317 0.298 0.112 0.291 1.26
335.0 ! X :
M 15000 320 8 320.85 oco 0.750 2.146 2.49 0.370 0.210 0.049 0.009 4.992 0.387 2.03
320.9 .
LR L) R 15000 320.8 320.83 62.31 0.750 1.986 0.634 0.649 | 0.658 . 9.78% 1.490 0.226 0.583 2.84
320.9
140 L ] - - 0,000 -0.13% 0.000 0.000 | 0.009 0.000 [ 0,000 0.24) 0.628 0.00
M 11000 322.6 322.5% ou.ue 0.547 2.037 2.319 1.186 0.210 0.028 0.008 3.839 0.206 . 1.3
322.5 . - )
R L | R 11000 322.6 322,85 | 62.3% 0.547 1.091 0.357 0.365 | 0.370 7.141 | 0.792 0.135 0.656 1.90
322.% .
0 L [+] - - 0,000 -0.072 0,000 0.000 | 0.00% 0.000 | 0.000 0.128 0.62% 0.00
n 9000 325.6 325.5% ou.ua 0.444 2.002 2.260 1.48% 0.210 0.019 0.004 2.951 0.13% R 1.14
325.9%
XL | R 9000 325.6 325.53 | 62.33 0.444 , 0.727 0.243 0.249 | 0.23) 5.79% | 0.511 0.089 0.638 t.80
325.3
ML [+ - - 0.000 -0.048 0,000 0.000 | 0,004 0.000 { 0,000 0.084 0.619 0.00
u 7000 360.1 360.1 ooo 0.312 0.93) 1.163 0.717% 0.210 0.010 0.002 2.016 0.081 : . . 0.84
360 §
AL} 2 7000 3601 360.1 62.31 0.312 0,369 : 0.128 0.11 | 0.133 4,073 | 0.258 0.043 0.676 1.18
M0 L ] - - 0.000 «0.022 0.000 0.000 | 0.002 0.000 | 0.000 0.083 0.5643 0.00

6%
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TABLE V-6 Form Loss Data for oOo Wye without Tie-vod (continued)
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H “ H -4 -] 2 (3 8 v Eow 283 L8 8 LY =% S ] ve sel|l e 1 23
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 n 22 2y 24 5
10 M 15000 3201 320.1% ne 0.752 0.763 1.140 { -0.05% 0.210 0.050 0.009 5.004 0.389 2.09
320.2
RL |R 12000 323.1 323.03) 62.29 0.596 1,027 0.793 0.4617 0.433 0.641 7.785 | 0.941 0.034 0.086 .32
323.0
146 | L 3000 306.3 306.3 0.157 -0.167 0.207 0.037 0.039 0.047 2.033 | 0.065 0.109 0.281 0.61
306.3
n M 15000 n.e .1 n.s® 0.748 1.839 1,185 1.208 0.210 0,069 0.009 4.980 0.383 2.09
2.7
R.L | R 1000 318.3. 318.251 62.29 0.555 0.841 0,742 0.366 0.319 0.388 1.284 | 0.815 0.023 0.060 2.7
8.2
246 | L 4000 328.8 328.7 0.193% -0.136 0,238 0.055 0.057 0.066 2.550 { o0.101, 0.082 0.213 0.17
328.6
12 M 15000 320.9 320.9 n° ‘0,750 1.037 1.280 0.703% 0.210 0,049 0.009 4.993 0.387 2.09
320.9
R L [ R 10000 334,58 1346 62.29 0.480 0,542 0.5640 0,201 0.291 0.300 6.264 | 0.609 0.020 0.052 1.87
) 3347
245 ] L 3300 325.7 325,65 0.2 -0.033 0.360 0.100 0.10% 0.113 3.540 | 0.195 0.047 0.121 1.06
325.6
13 M 15000 321.5 321.5 71.5° 0,749 2.230 2,342 2.112 0.210 0.049 0.009% 4.98) 0.386 2.09
. zls .
RL | R 8000 308.7 308.6 62.29 0.416 0.328 0.556 0.217 0.225 0.23) 3.43) ] 0.458 0.022 0.057 1.6)
308.5
4+ | L 7000 338.1 338.15 0.332 0.098 0.448 0.145 0.130 0.159 4,339 | 0.292 0.032 0.084 1.30
338.1 '
7 3 M 17000 317.8 Nz 12° 0.8%9 2,011 2,636 | -0.219 o0.210 0.063 0.011 .73 0.507 2.5
7.7
RL | R 17000 anz.e 317,751 62.29 0.859 1.440 0.811 0.841 0.851 1011841 § 1,952 0.14) 0.283 3.38
317.7
X0 | L o - - o -0.213 0,000 0.000 0.011 0.000 | 0,000 0.281 0.55% 0.00
15 ¥ 15000 3.1 i 21 712° 0.750 2.040 2,614 0.370 0.210 0,009 0.009 4.9% 0.387 ) 2.1t
32101 i
RLfR 1500 LTI nia 62.29 0,750 1.880 0,63} 0.657 0.665 9.790 | 1.488 0.113 0.292 1.9
1.1
140 { L 1] - - o «0.184 0,000 0.000 0,009 0.600 | 0.000 0.214 Q.55 0,00
16 ¥ 10500 326.8 326.5 72° 0.316 1.665 1,952 0.953 0.210 0.0253 0,004 3.435 0.133 1.43
326.3 .
R'L | 2 10500 326.5 326.5 62,29 0,516 0.920 0.321 0.333 0.337 6.70 [0.708 0.081 0.011 2.0
326.5 : )
01 L o - - 0 -0,077 0.000 0.000 0,004 0.000 | 0.000 0.102 0,338 0,00
17 M 650 309.3 309.3 12° 0.337 1.307 1.3%0 1.109 0.210 0.012 0.002 1,28 0.078 0.%
309.8 |-
RL|R 6300 309.3 309.3 62,29 0.337 0,408 0.148 0,153 0.153% 4.402 {0.301 0.000 0.383 1.3
309.3
&0 | L [ - - [ 0,033 ©.000 ©0.000 0.002 0.000 | 0.000 0.08) 0,39 0.00

15



TABLE V-7  Porm Loss Date for 60° Wye with TR2 Tie-rod
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1 4 3 4 5 6 7 8 9 10 31 12 13 14 s 16 17 18 19 20 21 22 23 2% 25
1 M 19000 201.3 201.4 61° 1.514 1.055 0,361 0.368 0.210 0.17) 0.030 10,072 1.575 (0.167) [ 3.98
201.5 .
RL | R 12000 256.5 2%.5 62,32 0.757 ; 0.897 0. 6h4 0.687 0.697 9.877 | 1.515 0.260 0.163 .79
. . 254.3
1+1 | L 12000 254 .4 254,45 0.757 0.904 0.644 0.668 0.697 9.879 | 1,516 0.266 0.169 .19
2%4.8 .
2 M 19000 76,9 276.05 | 67.5° i.101 0.111 [-0.182 |-0.182 0.210 0,098 0.017 7.327 0.834 .1 | 1.
276.8
RL | kK hooo 320.5 320.5 62,32 0,551 0,503 0,361 0.374 0.9 7.190 | 0.803 0.14) oan 2.05
320.5
343 { L 11000 320.8 320.55 0,551 0.503 0,362 0,373 0.392 7.189 | 0.802 0.142 o.170 2,05
320.5%
3 N 18000 nye 313.85 | 59° 0.920 1,796 1.641 1.630 0.210 0.071 0.012 6.118 0.581 (0.188) ! 2.16
31,8
RL | R %000 ) i) 62.37 0.461 0.376 0,261 0.270 0.20) 6.013 | 0.361 0.113 0.195 1.51
3
3+3 { L 9000 3142 34,2 0.459 0,365 0.261 0.270 0,283 5.996 | 0.338 0.106 0,182 1,51
Itk 2
K} ¥ 15000 3213 321,35 ] 2° 0.750 0.831 ©.800 0.7197 0.210 0.089 0.009 4,987 0.388 (0.161) | 2.17
321.4
RL R 7500 321.2 .2 62,27 0.37% 0,244 0.179 0.186 0.194 4,895 | 0.372 0.064 0.165 1.5
21,2 -
3+3 | L 7500 e 1.3 0.375 0.241 N 0.180 0,187 0.193 4.891 | 0.37 0.060 0.157 1.52
e
5 M 10000 322.8 323.3 68° 0.496 0.782 0.880 o0.870 0.210 0,024 0.00 3.300 0.169 (0.18%) 1.32
323.5
RL |R 5000 21,0 320.95 | 62,32 0,250 0.122 0.086 0.089 0.093 31.263 | 0.165 ©0.033 0.19%4 0.9)
320.9
5+S | L 5000 326.2 326,23 0.246 0.112 0.084 0.087 0.091 3.210 | ©0.160 0.030 0.176 0.92
326.1
L] M 7500 379.4 379.38 | 68° 0.317 1.011 1.168 1,168 0.210 o.011 0,002 1.1 0,069 (0.212) | ©.85
3193 .
RL R IS0 3784 318.5 62,32 0.139 0,033 0.038 0,039 0.051 2.075 | 0.067 0.015 o0.210 0.59
378.6
646 f L 37350 380.2 380.2 0.15%8 0.053 0.038 0.039 0.041 2.066 | 0.066 0.01% 0.214 0.59
380,2 .
7 M 15000 3.9 2195 | 74.5° 0.748 1.ne 1,578 |{-0.409 0.210 0.049 0.009 4978 0,385 .18
2.0 |
R L | R 15000 327.4 3273 62.27 0,736 1,833 0,984 0.612 0.635 0.643 9.608 | 1.43) 0.143 0.372 } 3.00
321.2 .
4% | L oo 398.7 398.6 0,012 -0.132 0.018 0,000 0.000 0.009 0.158 | 0.000 0,224 0.381 0.03
398.3
L] M 15000 22,1 322.2 75° 0.74:8 1.71 2.110 0.240 0.210 0.049 0.009 4,975 0.3% 1.19
) .
R L | R 15000 136.6 336,65 | 62.26 0.716 . 0.957 0,582 0.603 0,611 9.343 | 1,333 0.128 0.3 2.9
36,7 .
148 | L 700 3514 5.5 0.032 -0.159 0.04) 0.002 0,002 o.011 0.418 | 0.00} 0.212 0.352 0.1y
31,6
L M 15000 321.) .2 15° 0.750 1,361 .79 0.113 0.210 0.049 0.009 4,99 0.387 . X .19
3 .
R L | R 14000 3344 M 62.26 0.673 1.458 0.899 0.520 0.539 0.547 8.781 | 1.197 0.100 0.25¢ ~..~v
334.2
1+7 | L 1600 3.0 339.1 0.076 -0.168 0.i01 0.010 0.010 0.019 0.989 | 0,015 0.185 0.478 o.n
339.2
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TABLE V-7 Porm Loss Data for 60° Wye with TR2 Tie-rod (continued)
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1 1 k] 4 5 6" 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 23
10 ¥ 15000 323.0 322.95 | 75.5° 0,746 1.827 2,166 1,160 0.210 0,069 0.009 4.96) 0.383 2.20
322.9 R
R L} R 11000 320.8 320.8 62.26 0.551 0.877 0.739 0.361 0.37 0.382 7.190 } ©.803 0.07% 0.1% 2.7
320.8 .
246 | L 4000 329.% 329.5 0.195 -0.129 0.261 0.055 0.057 0.066 2,545 | o.101 0.087 0.228 0.80
329.5
11 M 15000 321.6 321.55 | 73.5° 0.749 1.671 1.83% 1,415 0.210 0.069 0,009 4,984 0.386 2.15
.321.5 )
R L | R 10000 364.7 366,75 | 62.28 0.440 0,466 0.590 0.240 0.249 0,257 5.767 { 0,513 0.081 0.211 1.
364.8 '
M5 | L 6000 312.) 312.64 0.308 0.047 0.410 0.127 0.131 0,140 4,026 | 0.252 0,041 0.106 1.24
12,5
12 ¥ 15000 322.3 322,25 | 75.5° 0,748 2.161 2.259 1,993 0.210 0.049-( 0.009 4,974 0.384 2,20
322.2 .
RL | R 8000 309.3 309.35 | 62.26 0.415 0.378 0.556 0.216 0.224 0,232 5.62) | 0.457 0.073 0.191 1.7
309.4
445 | L 7000 339.1 339.15 0.332 0,112 0.444 0.144 0.150 0.158 4.328 | 0.291 0.047 0.123 1.37
339.2
13 M 15000 320.5 320.5 75° 0.752 1.327 1.688 |-0.391 0.210 0.050 0,00y 5.00t 0.388 2.20
320.5
R L} R 15000 320.5 320.5 62.26 0.752 1.928 0.636 0.659 0,668 9.814 | 1.495 0.153 0.39% | "3.08
320.5
x40 | L o - - 0.000 -0,151 0.000 0,000 0.009 0.000 | 0,000 0.229 0,589 0.00
14 N 12000 357.4 337.3 66° 0.539 1.897 2.187 1.073 0.210 0,027 0.005 3,585 0.200 1.40
3s57.2
RL | R 12000 357.4 357.3 62.33 0,539 1,034 0.347 0,360 0.364 7.034 | 0.768 0.101 0.505 1.96
357.2
240 | L o - - 0.000 -0.080 0.000 0,000 0.005 0,000 | 0.000 0.115 0.576 0.00
13 M 10000 345.4 343,45 | 66° 0.464 2,249 2,514 1,680 0,210 0,021 0,004 3.0% 0.148 ) 1.21
3435.3 ’
& L | R 10000 4S84 345.48 | 62.33 0.464 0.779 0.265 0.274 0.278 6.06) | 0.571 0.078 0.529 1.89
3433
M [ L ] - - 0.000 -0,055 0.000 0.000 0.004 0,000 { 0.000 0.0%0 0.60% 0,00
16 M 8000 3240 328.0 66° 0.396 z2.170 2,426 1.808 0.210 0.016 0.003 2.636 0.108 1.0
' 34,0 .
RL | R 8000 326.0 3240 .| 62.33 0.396 0,512 6.198 0.205 0.208 s.an 0,036 0.32) 1.04
3240 . .
&40 | L o - - 0.000 -0,066 0,000 0.003 0,000 - 0.03% 0.548 0.00
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TABLE V-8 Porm Lose Data for 60° Wye with TAI Tie-rod
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1 2 3 4 b 6 7 8 9 10 138 12 13 14 15 16 17 18 19 20 2 NM 23 2% s
1 W 19000 200.5 200.43 | 69° 1,321 1.158 0.380 0,369 0.210 a.173 0.030 10,121 159 ©.219) 412
200.4 .
RL A 15000 316.0 .93 [ 2.0 0,762 0.999 0,632 0.8676 0.708 9.967 1 1,538 0.347 0.218 2.89
31s.9 ’
141 | L 15000 316.9 316.9 0,760 0.988 0,643 0,672 0,702 9.917 | 1827 0.349 0.220 z.80
316.9
2 M 15000 294.6 294,65 | 69.5° 1.03s 2,575 2.296 2,296 0.210 0.088 0.01% 6.88% 0.136 (0.227y | 2.82
296.7 : .
R L | R locoo 310.2 3o.t 62,31 0,518 0.489 0.322 0.334 0.349 8.756 | 0.709 0.167 0,227 1.98
Jl0.0 .
343 } L 10000 L Jt0.4 310.8 0.517 0,489 0.323 0.333 0.350 6.750 | 0,707 0.168 0.228 1.98
Jto.4
3 M 19000 326.6 326.55 ¢ 68.5° 0.940 1.941 1,744 1.738 0.210 0.074 0,013 6.251 0.607 0.229{ 1.2
’ 326.5
RL | R 950 3.9 323,95 | 62,31 0.471 0.413 0.211 | 0,281 0,29 6.144 | 0.566 0.1l40 0.230 .
24,0
MY L %300 24.9 324,95 0.469 0.407 0.2n 0.281 0,29 .12 | 0.583 0.138 0.227 .17
32%.0
4 M 13000 321.1 s %.5° 0,75 0.863 0.80% 0.80) 0.110 0.049 0.009 4,991 0,387 (0.230) 2.18
1.2
RL R 7500 1.1 e 62,27 0.375 0.270 0,179 0.186 0.19% 4.697 { 0372 0.090 0.2) 1.9
1.0
M3 1L 7500 m.1 a2 0.37% 0.269 0,181 0.187 0,196 4,095 | 0.372 0.088 0.227 1.53
b71 9% )
5 M 10000 32,3 22,4 69.5° 0,498 0.806 ©0.882 0.890 0.210 0.024 0.004 P11} 0.170 (0.256) 1.36
322.3
*L % 5000 3158 374 .45 | 62,3t 0.247 0.126 0.088 o.o8T 0.091 3.t29 0.043 0.254 0.9
324 .4
543 | L S000 320.4 120.) 0,251 0.13% 0.087 0.090 0.0% nm 0.0M 0.258 0.96
320.2 .
[ W 8000 3381 33813 | 75.8° 0.380 1,870 2.002 2.002 0.210 0.013 0.00) 2,528 0.099 (0.251) 112
338.2
AL | R 4000 337.8 337.75 | 62.26 0.190 0.078 0.082 0.054 0.057 2.403 | 0,096 0.02% 0.2%2 0.1
17y
&4 | L 4DCO bR 38,4 0,190 0.078 0.08) 0.033% 0.05? 2,479 | 0.09% 0.023 0.2%0 o.mn
3384
7 M 13000 e 311.98 76° 0.748 1.2 1.587 -0.40% 0.210 0.049 0.009 4,980 0.303 .
.0 . -
AL | R 1500 327.4 “327.38 | 62.25 0.736 1.8% 0.984 0.612 0,638 0,647 9.810 | 1.434 0.164 0.426 3.06
327.3 .
X% { L oo 397.3 397.4 0.012 -0.140 0,016 0,000 0,000 0,009 ©0.158 | 0,000 0.6 0.612 0.03
3918
L] " 13000 32).6 3.8 | n° 0,243 1.147 2.100 0.23¢ 0.110 0.049 0.009 4,933 0.381 L1
3.5
AL | R 15000 3383 338.2 62.27 0,112 t.n1 0.957 0.377 0,598 0,606 9.298 | 1,343 0.1%) 0.402 1.09
301
148 | L 700 1,0 330.95 0,032 -0, 143 0.04) 0.002 0.002 o.011 0.418 | 0.003 0.225 0.3% 0.13
s .
1} W 15000 32,7 3.6 .3° 0,747 1,368 1.1 0,109 0.210 0.049 0.00% 4,968 0.3 N
ns .
®L | R 13000 360.3 360,78 | 62,27 0,669 1,469 0,896 0.514 0.3 0,341 4.729 | 1.183 oc.118 0.303 n
360.2
147 | L 1900 9.6 9.2 0,018 -0.153 0.10% 1 0,010 i 9011 0.019 1.018 | 0,016 0.19% 0.30% 0.12
3.0 _
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Porm Loss Data for aoo Wye with TR3 Tie-Rod (continued)
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1 2 3 & 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 ) 24 23
10 <=+ | 15000 322.9 | 322.9 74.5° 0.746 1.385 1.669 0.858 0.210 0.049 0.009 4.963 0,383 2.17
322.9 i .
RL | R 10000 5.7 5.7 62.27 0.509 0.737 0.682 0.312 0.324 0.332 a.ob_u... 0.685 0.102 0.268 .07
315.7 3
246 | L 5000 3378 337.85 0.238 -0.07% 0.318 0.079 0.082 [0.0%0 3.103 { 0.149 0.069 0.180 0.97
337.9
11 M 150000 | 323.8 323.7 75.5° 0.744 1.673 1.826 1.383 0.210 0.049 0.009 4.952 0.381 2.19
. 323.6 .
RL | R %00 3301 330.13 | 62.26 0.438 0,500 0.588 0.238 0.246 |0.255 5.716 | 0 507 0,119 0.1 1.81
330.2 | .
»S | L 7000 6814 366.5 N 0.307 0.057 0.412 0.126 0.130 [0,139 4.005 | 0 249 0,050 0,132 1.27
366.6
12 ' M 15000 3247 324.65 | 75.5° 0.742 2.178 2.257 1.982 0.210 0,048 0.009 4.938 0.379 2.17
' 324.6 . .
R L | R 80co 313.1 313.1 62.26 0.410 0.406 0.553 0.211 0.219 |0.227 $.358 | 0.446 0.111 0.264 1.68
313.1 .
&5 | L 7000 339.7 339.7 0.331 0.131 0.447 0.144 0.149 |0.158 4.321 | 0.290. 0.062 0.164 1.36
. 339.7
13 M 15000 321.9 321.85 | 76° 0.749 | 1.334 1.680 | -0.392 0.210 0.049 0.009 4.981 0.385 2.22
321.8 5
| L {R 15000 1.9 321.85 | 62.25 0.749 1.936 0.631 0.655 }0.663 9.774 | 1.48) 8.1735 0.456 i
321.8
M0 | L ] - - 0.000 -0.136 0.000 0.000 }0.008 0.000 | 0.000 0 241 0.625 0.00 .
14 M 12000 Bl.4 351.48 | n° 0.548 2.011 2.295 1.149 0 210 0.028 0.005 3.646 0.206 1.53
351.5 .
RL |® 12000 351.4 351.4% | 62.30 0.548 1.072 0.358 0371 {0.376 7.155 | 0.795 0 108 0.522 2.14
351.5
20 | L o - - 0.000 -0.074 0,000 0.000 [0.005 0.000 { 0.000 0.128 0.618 0.00
13 M 10000 347.7 347.8 n° 0.462 2.191 2.452 1.638 0.210 0.021 0.004 3.0 0 146 1.28
’ ‘ 341.9
R L | R 10000 1.7 347.8 62.30 0.462 0.763 0.262 0.271 {0.275 6.025 | 0.564 o.on 0.483 1.8
347.9 X
» [t o - - 0.000 -0.051 0.000 0.000 | 0.004 0.000 | 0.000 0.092 0.627 0.00
16 N 8000 327.5 327.4 n.s° 0.392 2.050 2.296 1.6% 0.210' 0.013 0.003 2,610 0.106 1.10
. 327.3 . . .
AL | 800D 327.3 327.4 | 62.29 0.392 0.570 0.195 0.202 | 0.204 3.121 | 0.407 0 064 0.606 1.34
. 327.3 . -
»o (L o - - 0.000 -0.036 0.000 0.000 i 0.003 0.000 | 0.000 0.067 0,634 | 0.00

cs



TAMIE V-9  Porm Loss Date for 60° Wye with TR Tle-rod
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1 H 3 1Y 3 6 ? L] 9 10 11 12 13 14 15 15 17 18 19 20 n n 23 2% 3
1 R L | ¥ 19000 204 .4 04,3 71.5° 1.493 1.193 0.330 0.326 0.210 0.169 0.019 9.934 1.532 (6.295) | 4.18
204 .2
1 | & 14000 300.4 300,35 | 62.29 0,748 1.019 0.631 0.654 0.683 $.769 1.482 0,448 0.291 2.9)
300.3
L 146000 301.5 301.6 0.743 1.07% 0.626 0.649 0.678 9.729 1.470 0.459 0.299 2.92
Jor.?
2 R L| M 19000 298.5 298.5 wuo 1.022 2.54 1,223 2,224 0.210 0.086 0.015 6.800 0.718 (0.303) 2.92
298.5
33 | % 10000 .. e 62,28 0.512 0,530 0.315 0.317 0.342 6.680 0.69) 0.213 0.297 2.04
313.8
L 10000 s .4 s 0.509 0,931 0.314 0.326 0.31 6,648 0.686 0.222 0.309 2.04
315.2
3 R L[ M 195000 ma .2 ;.uo 0.918 1.0%7 1.632 1.631 0.210 0.071 0.012 6.110 0.580 (0.302) | 2.64
332.2
3| 9500 331.8 331.85 | 62.28 0.460 0.436 0.260 0.269 0.282 6.001 0,539 0.173 0.302 1.85
1.9
L 9300 . 332.4 323 0.459 0.435 0.260 0.270 0.282 5.993 0.558 0.175 0.302 1.85
1 2.2
4 R L| ¥ 15000 320.9 320.9 " 0.751 0.900 0.811 0.012 0.210 0,009 0.009 4.994 0.387 (0.806) | 2.1
320.9
3| R 7500 320.5 320.58 | 62.27 0.376 0.298 0.180 0.187 0.195 4.905 0.374 0.1 0.301 1.52
320.6
L 7500 321.7 21,7 0.374 0.299 0.180 0.187 0.195 4.800 0.3 0.120 0.310 1.51
3.7 .
S R L} X 10000 324.3 324 .6 "° 0.495 0.197 0.862 0.070 0.210 0.023 0.004 3.294 0.168 ’ €0.330) 1.43
324.5
53| R 3000 326.0 36,1 62.27 0,246 0.132 0.083 0,086 0.090 3.214 0.160 0.055 0.324 | "1.00
326.2
L 3000 2.7 22,78 0.24% 0,145 0.086 0.009 0.093 3.248 0.164 0.087 0.33%6 1.01
..
[) RL| N 8000 m.a 333.2 7° 0.386 1.988 2.110 2.1 0.210 0.015 0.003 2.%66 0.102 (0.334) | .13
333.2
66 | R 4000 33,0 M. 62,26 0.192 0.087 0.984 0.053 0.035 0.058 2.512 0.098 0.03 0.324 0.7%
333.8 ’ . :
L 4000 m.s Ny .19 0.088 0.016 0,054 0.056 0,059 2.519 0.098 0.033 0.344 0.79
332.9
7 R L M 15000 l.e 321.8 76° 0.749 1.260 1.590 | -0.413 0.210 0.009 0.009 4,902 0,385 2.2
..
X+9 | R 15000 327.2 327.25 | 42,28 0.786 1.885 0.957 0.613 0.635 0.644 9.613 1,435 0.152 0.498 3.06
321.3
L 300 397.2 397.1 0,012 =0.120 0.043 0,000 0.000 0.009 0.158 0.000 0,256 0.66% 0.05
397.0
L] 2 L[| M 15000 n.o 322.93 | 14.3° 0.746 1.786 2,119 0.2%8 0.210 0.049 0,009 4.963 0.382 . .17
322.9
HO | R 14000 315.) 35 62.27 0.713 1,758 0.896 - 0.578 0.599 0.607 9.309 1.346 0.187 0.490 2.90
318.3
L 700 349.8 349.6 0,032 -0.123 0,104 0,002 0.002 0,011 0.420 0.003 0.246 0.643 0.13
U9 .4
1] RL{ N 15000 1.3 321,33 15° 0,750 - | 1.409 1.75%) 0.114 0.210 0.049 0,009 4,988 0,386 2.19
321.4
7 | R 14000 3348 NG 62.26 0.672 1.305 0.790 0.518 0.537 0.546 s.m 1.194 0.151 0.391 .75
- NS
L 1600 328.6 328.8 0,078 -0,134 0.210 0.011 0.011 0.019 1.021 0.016 0.217 0.561 0.3
328 .4
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=9 Form Loss Dats for 60° Vye with TRA Tle-rod (Cont'd)
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EERETE g CORE 28| 24 ..m £ B2 | RS L BL | S Bsld 2 E 23 | &3 g st §
21 El3Es 3 i i | Z $3| 33| 3 $ £fy | 88 | EE | :& | Ex | ExE| @ K K vl oFs 18 ECIE
13 _ 3 3 LY b L] 7 8 9 10 il 12 13 14 135 16 17 18 19 20 21 2 n 24 5
10] AL | M 15000 3Le 321,58 n° 0.750 0.788 1.128 | -0.099 0.210 0.049 0.00%- 4,987 0.386 2,25
3.8 B
W6 | R 12000 32%.7 3287 62.24 0,592 1.09? 0.7%0 0.412 0.427 0.433 7.728 0,927 0.120 0.312 2,49
3.7
L 3000 306.1 306.0 0.158 =0.1%0 0.210 0.038 0.039 0,047 2.056 0,066 0.143 0.370 0.66
305.9
| RL | K 135000 3237 323.6 ”° 0.745 1,853 2.170 1.140 0.210 0.049 0.009 4.935 0.381 .
3235
4 | 7 11000 321.4 3. 62.24 0.550 0.923 0.738 0.360 0.373 0.382 7.179 0.800 0.122 0,321 2.31
3.4
L 8400 361.3 362.45 0,195 =0,107 0.262 0.055 0.057 0.068 2,546 0.101 0.108 0.283 0.82
362.4
12 | AL | N 15000 321.8 321.88 uuo 0.749 1.154 1.387 0.677 0.210 0.049 0,009 4,980 0.38% 2,19
3.9 -
23 | 2 10000 334.% 334,85 | 62,26 0,480 0,687 0.661 0,281 0.291 0.300 6.262 0.609 0.164 0.428 1.9¢6
3%.8
L 3000 298.6 298.63 0.269 -0.023 0,359 0.0%9 0.103 0.111 3.5 0.191 0.060 0.15% 1.10
295.7
| AL | N 15000 321.8 3218 75.5° 0.749 L.744 1.883 1.401. 0.210 0.049 0.009 §.961 0.388 E 33N
. 321.8 B .
»3 | A 8000 293 .4 293,45 | 62,268 0.438 0.553 0.587 0,238 0.246 0.25% 5.716 0,507 0.17¢ 0.457 1.81
293,35
L 7000 362.4 362,38 0.310 0.071 0.413 0.128 0.133 0.141 4,051 0.25% 0,060 0.156 1.28
361.) .
WiaL ;X 15000 323.0 323.05 ;o 0.746 2.208 2.273 1,937 0.210 0,049 0,009 4,963 0,382 .
323.1
M3 | & 8000 310.6 310,65 | 62.23 0.414 0.438 0.554 0.214 0,222 0.231 5.401 0.433 0.157 0.410 1.72
310.7
L 7000 338.1 338.1% 0,332 0,162 0.448 0.14% 0.151 0.159 4,351 0.29) 0.073 0.19%0 1.38
338.2
13 | R L | W 15000 ta 322.0% woo 0,748 1.35%0 1.676 { -0.400 0.210 0.049 0.009 4.978 0.38% 2.2
322.0 .
X+0 ! R 15000 320 322.08 ; 82.2% 0.748 1.960 0.631 0.634 0.662 9.768 1.482 0.201 0.522 3.11
32,0 N
13 0 - - 0.000 =-0.116 0,000 0.000 0.009 0.000 0,000 0.260 0.677 0.00
% | AL [ 11000 329.2 329.1 :.un 0.5%? 1.898 2.168 1.069 0.210 0,027 0.00% .u.uun 0.198 1.58
319.0
M0 | R 11000 329.2 329.1 62,26 0.53? 1.039 0.345 0,387 0,362 7.009 0.763 0.112 0.563 .12
329.0 ! :
L 1] - - ©0.000 ~0.060 0,000 0,000 0.005 0,000 0.000 0.133 0.674 | 0.00
17! RL [N 9000 32ra 3.1 uu.ue 0.642 1.967 2.219 1.462 0.210 0.01% 0.003 2,940 0.134 1.3
3ra ) .
0 |2 9000 327.1 nra 82,28 0.442 0.71% 0.262 0,251 0.234 3.749 0.512 0.928 0,384 1.82
.1
L o - - 0.000 -0,042 0.000 0,000 0.003 0.000 0.000 0,089 0,062 0.00
s]|atL in 7300 321, pHIW Y 75.9° 0,373 1.7187 2.027 1473 0.210 0.014 0.002 1.494 0.097 1.10
. 321.3 ' :
M0 |2 7300 wnw.u 321.4 62.26 0,373 0,522 0.179 0.188 0.188 4,893 0.372 0.059 0.607 1.53%
21,9 .
| 3 [ - - 0.000 «0.030 0.000 0.000 0,002 0,000 0.000 0.064 0.664 0.00
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IABIE ¥-10 Porm Loss tor 45° Wye without Tie-rod (Cont'd)
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o X ] m 8 v ~ Y- «§ %8 ] hmt v S 3 e 3§ KRN s - = <5 - - . .
= Wt - ) [ o o) o (3 Ou 4 o be - o -] -3 m ™ = > N -~ H \h H =
| % | sEa s ) 5% & sl i< | it " toe | 55| 52| 5% £3 ] g8 £ o z g zg | 3 83| =
o Led -y - -0 b e - —t o
Sl 2438 = g i1 200 LED SE| LBl st3 | £8%) YL ES | ELJELED O3 g g |33 | &2 | % fe ] %
2] % | @ax Y £ = 3 sei 3t | §% | & 27 22E| o3 | £ R AT ] s 3. sc | 5 251 3
u m W.N.l-. m M ’mw. (- x o o o > %0 0 0~ L] MR P.u I.u ~ > > > 0 oo T ™ o
]
1 2 3 4 5 6 7 [] 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 5
10| R L| M 15000 330.6 330.5% 72° 0.923 2.048 2.32) 1.469 0.210 0.071 0.012 6.140 0.585 2.59
330.5
25 R 12000 321.6 327.6 62,29 0.588 0.789 0.637 Q.407 0.627 0.439 7.677 0.915 0.021 0.035 2.32
327.6 .
L 7000 336 .4 336.4 0.334 -0.065 0.363 0.146 0.154 0.166 4.361 0.295 0.059 0.102 1.32
336.4
133 R L{ M 1900 330.5 330.5 72° 0.923 1.477 1.632 1.108 0.210 0.071 0.012 6.141 0.58% N,.mw
330.5 .
b33 R 11000 327.1 327.15 62.29 0.540 0.579 0.585 0.348 0.365 0.377 7.047 0.771 0.016 0.024 2.12
327.2
L 7500 315.8 315.45 0.382 0.055 0.415% 0.186 0.196 0.207 4.983 0.386 0.047 0.081 1.50
35.4 .
12 R L| M 19000 361.5 361.45 72° 0.844 2.010 2,436 -0.246 0.210 0.061 0.010 5.615 0.490 2.37
361.4
X+0 | R 19000 361.5 361.45 62,29 0,844 2,466 0.785 0.824 0.834 11.022 1.885 0.237 0.484 3.n
361.4
L 0 - - 0.000 ~0.216 0.000 0.000 0.010 0.000 0.000 0.263 0.538 0.00
13 R L| M 15000 J21.4 321.3% 72° 0.749 2.118 2.498 0.358 0.210 0.049 0,008 &.986 0.386 2.1
321.3
1+0 R 15000 321.4 321.35 | 62.29 0.749 1.970 0.633 0.66%4 0.672 9.783 1.486 0.198 0.514 2.95
321.) ' )
L 0 - - 0.000 ~0.170 0.000 0,000 0.000 0.000 0.000 0.208 0.538 0.00
14 RL! M 11000 326.3 326.35 72° 0.561 1.960 4§ 2.2%9 1.115 0.210 0.028 0.005 3.600 0.201 1.52
326.4 .
40| R 11000 326.3 326.35 ) 62.29 0.541 1.055 0.350 0.367 0.371 7.064 0.775 0.110 0.547 2.1)
326 .4 :
|3 L o - - 0,000 ~0.089 0.000 0.000 0.0C5 0.000 0.000 0.108 0.535 0.00
e
15 RL| M 6300 307.0 306.95 73.5° 0,340 1.357 1.604 1.13% 0.210 0.012 0.002 2,262 0.079 0.98
306.9
HOo| R 6500 307.0 306.95 | 62.29 0.340 0.432, 0.150 0.157 0.159 4,638 0.306 0.046 0.582 1.37
306 .9 .
& 12 Q - - 9,000 ~0.037 0.000 0.000 0.002 0,000 0,000 0.060 0.50% 0.00 )
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JABIE V-11 Yorm Loes Dsta for 90° Manifold without Tie-red
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1 2 3 4 s & 7 8 9 10 1 12 13 14 15 16 17 18 19 20 1 22 23 % 25
1 ALl M13000 207.5 207.5% 69° 1.469 1.0%0 _QJIO 0.338 0.210 0.164 0.030 9.775 1.484 (0.156) 3.97
207.6 .
141 R 14000 306 .4 306 .45 62.31 0.733 0.902 0.608 0,699 0.729 9.572 1.423 0.234 0.158 2.78
306.5 . )
L 14000 304.0 304.08 0.739 ‘é 0.930 0.617 0,709 0.740 9.647 1.445 0.229 0.154 2.80
304.1
1 & L[| K 19000 276.6 276 .55 69° 1.103 0.174 0,171 | =0.147 0.210 0.098 0.018 7.33% 0.836 (0.167) 2.98
176.5% ¢
1+1 | R 11000 321.% 321.5% 62,31 0,549 0.5 0.359 0.413 0.431 7.167 0.798 0.13%8 0.16% 2.08
321.6
L 11000 318.9 318,85 0.354 0.533% 0.366 _ 0.420 0.439 7.228 0.811 0.141 0.1868 1.90
3 R L | % 18000 313.3 313.28 60" 0.922 1.852 1.667 1.670 0.210 H 0.071 0.013 6.135 0.584 .17 2.46
ni.2 H .
»3 R 9000 313.1 313.1 62,32 0,461 0.392 0.261 0.301 0.314 6,021 0,563 0.100 0.170 1.72
33
L 9000 2.8 312.85 0.462 0.393% 0.263 0.303 0.316 6.026 0.564 0.100 0.171 1.73
s
L} R L M 15000 320.5 320.48 6B° 0.751 0.898 0.834 *0.836 0.210 0.049 0.009 4.997 0.388 (o.184) 2.01
320.4
3| R 7500 321.1 321.1 62,32 0.37% 0,272 0.179 0.206 0.213 4,893 0.372 0.073 0.188 1.40
3211
L 7500 320.1 320.08 0.376 0.274 0.181 0.209 0,218 4.909 0.374 0.070 0.180 1.41
320.0
s R L M 10000 318.9 310,05 60° 0.503 0.867 0.947 | 0.941 0.210 0,024 : 0.004 3.348 0.174 0.203) | " 1.4
318.8
53 R 5000 318.0 317.9% | 62.32 0,252 0.136 0,087 0.100 0.10% 3,294 0.169 0,037 0.212 0.94
317.9 -
L 5000 320.5 310.5 0.3250 0.130 0.087 0.100 0.106 3,268 0.166 0.034 0.195 0.94
320.3%
[ AL M 7000 321.3 s 67° 0.350 1.452 1.992 1.593 0.210 0.013 0,002 2.326 0.084 (0.225) 0.92
3
(223 . 3300 j22.8 322.8 62.32 0.174 0.069 0.044 0.051 0,053 2.211 0.080 0.020 0.234 0.68
322.8%
L 3300 320.6 320.7 0.178 0.070 0.043 0.052 0.05% 2.286 0.081 0.018 0.217 0.65
320.8
7 B L[ M 13000 320.8 320.8 61° 0.750 1.297 1.678 «0.393 0.210 . 0,049 0.009 ‘.991 0.387 1.98
320.8
23] R 15000 328.7 325.7% 62,32 |- 0.73% 1.900 0.984 0.617 0.709 0.238 9.646 1.048 0.124 0.320 .73
325.8
t 300 iu.a 387.0 0.012 =0.171 0.016 0.000 0,000 0.080 0.162 0.000 0.206 0.532 0.0
] AL | 15000 320.9 320.9% 07.30 0.750 1.170 1.552 =0.412 0.230 0.049 0.009 4.990 0.387 1.99
J21.0 . .
X+8 | R 135000 334.,3 334,38 | 62.32 0.720 1.792 0.962 0.588 0.676 0,686 9.398 1.3 0.122 0.315% 2.68
336 .4
L 600 333.6 333.8 0,029 -0.172 0.038 0.002 0.002 0.011 0.377 0.002 0.201 0.521 0.11
IN0
* AL} X 15000 320.9 320.9 67.5° 0.75%0 1.412 1.79 0.118 0.210 0.049 0.00% 4,990 0.387 1.99
310.9 - .
M7 R 14000 334 .4 334 .48 62.32 0.672 1,504 0.093 . 0,519 0.597 0.606 8.769 1.194 0,091 0.238 .50
XL § '
L 2000 A0S .0 804 .9 0.07% =0.172 0.108 0.011% i 0.012 0.021 1.033 0.017 oan 0.487 0.29
405.0 H
. 1

09



JADIZ V-11 Yorw Loss Dats for 90° Menifold without Tie-rod {Cont'd)
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LI P w H 8T 8 25 =8 =8 S ¥ 1 agel &z 54 sXpuse| & s 23 2d 28 4 28| 3
1 2 3 4 H [ 7 L] 9 10 11 12 13 15 15 16 17 18 19 20 1 2 3 24 5
10 | R L | ¥ 15000 320,1 320.15 | 67.5° 0.752 0.813 1.161 ; -0.082 0.210 0.05%0 0.009 5.002 0.389 1.99
320.2
M6 | R 12000 328.2 324,25 | 62.32 0.59% . 1.105% 0.788 0.415 0.477 0.487 1.753 0.93) 0.074 0.1%0 2.21
3243
L 3200 323.% 3236 0.159 -0.138 9.212 0.037 0.06) 0.052 2,072 0,067 . 0.132 0.33% .39
g
11 | R L | M 15000 320.6 320.6 61° 0.751 1.924 2.234 1.206 0.210 0.069 0.009 4,995 0.387 1.98
320.6 B
2446 | & 11000 318.0 318.0 | 62.32 0.553 0.928 0.736 0.367 0.422 0.432 7.246 0.813% 0.06% 0.177 2.05
s.0 »
L 4000 328.6 32%.8 0.198 -0.100 0.264 0.056 0.064 0.073 2.580 0.103 0.111 0.286 0.73
323.0 . .
12 | AL | M 15000 320.9 1.0 67.5° 0.750 1.087 1.273 0.682 0.210 0.049 0.009 4,589 0.386 1.99
321.1
M3 1 2 900 302.1 302.15 | 62.32 0.478 0.613 0.037 0.280 0,322 0.331 6.260 0.60% 0.066 0.170 1.78
302.2
L 3500 3243 324.35 0.272 0.026 0.363 0.100 0.11% 0.126 31.552 0.19¢6 0.090 0.234 1.01
244
13 | R L | X 15000 320.6 320.65% 61° 0.751 1.747 1.8%7 1.470 0.210 0.049 0.009 4,99 0.387 1.98
320.7 !
M | n 8500 308.3 308.4 62.32 0.442 0.487 0.59%0 0,243 0,280 0.289 5.717% 0.518 ©0.068 0.175 1.63
308.5
L 6000 32 Iz 0.308 0.100 0.410 0.12% 0.164 0.15) 4.018 0.251 0.084 0.216 1.16
ns
W | LL | M 15000 3209 320.95 67° 0.750 1.239 2,291 2,064 0.210 0.069 ©0.009 4.99%0 0.387 1.97
321.0 .
&S | & 8000 307.8 or.8 62.32 0.417 0.405 0.557 0.219 0.252 0.261 $.4645 0.460 0.070 0.182 1.5
307.8
L 7000 338.8 33n.05 0.332 0.158 0.443 0.14) 0.165 0.178 4,327 0.281 0.080 0.207 1.22
3389 :
15 | R L | M 17000 322.6 322.6 67.5° 0.846 2.010 2,436 | -0.261 0.210 0.061 0.011 $.626 0.491 2,24
322.6 .
%40 | R 17000 322.6 322.6 62,32 0.846 2.481 0.787 0.905 0.917 11,039 1.892 0.164 0.331 | 3.14
322.6
Lo - - 0.000 -0.216 0.000 | 0.000 | 0.011 ) 0.000 | 0.000 | 0.264 0.338 | o0.00
16 | R L | M 13000 321.1 . 67.5° 0.750 1.384 1,762 | -0.378 0.210 0.049 0.009 4.987 0.386 1.99
3211 . .
X40 | 1 15000 3211 nua 62.32 0.750 1.972 0.633 0.728 0.737 9.786 1.407 0.13 0.348 1,79
321.1
L Q - - ©0.000 ~0.168 0.000 0.000 0.009 0.000 0.000 0.20% 0.541 0.00
7 [ oL} ¥ 10000 3143 314.35 | 67.5° 0.510 1.623 1.910 ©0.886 0.210 B 0,025 0.003 3.396 0.179 1.33
3h.6
N0 | & 10000 314.3 314,38 | 62.32 0.310 0.987 0.316 0.36) 0.368 6.664 0,690 0.969 0.383 1.90
314.4 y
L ] - - 0.000 =0.077 0.000 ©.000 0.005 __ 0.000 0.000 0.098 0.544 0.00
- 7 !
18| AL | N 7000 ki) 321.68 | 67.5° . 0.349 1.420 1.668 1.170 0.210 0.013 0.002 H ﬁ_ 2.323 0.084 0.93
n.s . i
0 | X 7000 g 321.6% | $1.32 0.349 0.450 0.139 _ 0.183 0.185 1 4.539 0.323 0.036 0.43 1.30
311.6 . i
19 [ - - 0.000 -0.03% 0.000 v 0.000 0,002 —._ 0.000 0.000 0.046 0.553 0.00

19
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Form Loss Data for 90° Manifold with TR3 Tie-rod (Cont'd)
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1 2 3 4 5 [ 7 8 9 10 i1 12 13 14 13 16 17 18 19 20 21 22 a) 24 25
10 | RL| M 15000 3.1 321.18 69° 0,750 1.930 2.217 1.169 0.210 0.049 0.009 4.987 0.386 2.0
321.2
246 | R 11000 318.8 318.85 | 62.7 0.554 0.971 0.73¢% 0.366 0.420 0.430 7.228 0.811 0.116 0.301 2.10
3189 .
L 4000 mw« 327.85 0.196 ~0.077 0.261 0.05% 0.063 0.072 2.536 0.101 ¢.135 0.351 0.7%
11 | R L] M 15000 320.8 320.85 69° 0.750 1.138 1.301 0.635 0.210 0.049 0.009 4,992 0.387 2.03
320.9 .
25| » 9500 319.8 319.73 | 62,31 0.477 0.693 0.636 0.279 0.321 0.330 6.225 0.602 0.148 0.383 1.8
9.7 .
L 3500 323.2 323.25 0.273 0.047 0.364 0.101 0.116 0.125 3.565 0.197 0.112 0.289 1.08
32313 X
12 | R L | M 15000 .o .o 69° 0.750 1.797 1.879 1.435 0.210 0,049 0.009 4.990 0.387 2.0)
3.0
M R 9000 321.5 327.55 | 62.31 0.441 0.572 0.588 0.262 0.278 0.288 5.157 0.515 0.156 0.405 1.67
327.6
L 6000 311.8 311.8% 0.309 0.128 0.412 0.126 0.143 0.154 4.031 0.252 0.108 0.280 1.17
311.9
13 { RL | M 15000 Ja1.2 321.2 69° 0.750 2.281 2.299 2.013 0.210 0.049 0.00% 4.987 0.386 2.03
a2
4¢3 | R 8000 307.9 307.85 [ 62.31 0.617 0.470 0.556 0.184 0.166 0.17% 5.7157 0.515 0.136 ' 0.405 1.58
307.8 .
L 7000 337.6 337.65 0.333 0.192 0.444 0.210 0.252 0.261 40N 0.25% 0.108 0.280 1.26
3.
14 { R L | M 18000 343.5 343.55 | 61.5° 0.841 2.030 2.450 | -0,274 0.210 0.061 0.011 3.59% 0.486 2.23
343.6 : .
X0 [ R 18000 Ubu-.u 343.53° | 62,32 0.841 2.53% 0.719 0.896 0.907 10.976 1.871 0.242 0.499 3.12
: 36
L [} - - 0.000 -0.190 0.000 0.000 0.011 0.000 0.000 0.285 0.588 0.00
15 | R L | M 15000 3.0, .un—.ov 69° 0.73%0 2.164 2.524 0.342 0.210 0.049 0.003 4.989 0.386 2.00
3.1 .
140 | R 15000 321.0 321,05 | 62.31 0.750 2.032 0.633 0.728 0.737 9.789 1.488 0.193 0.500 2.0
321.1
L 0 - - 0.000 -0,15%0 0.000 0.000 0.009 0.000 0.000 0.227 0.588 0.00
16 | R L | ¥ 10000 18,3 318.33 69° 0.504 1.368 1.844 0.819 0.210 0.024 0.004 3.354 0.175 - 1.3%
318.4 ! |
240 | R 10000 318.3 318,35 | 62.31 0.504 0,949 0.309 0,333 0.359 6.581 0.673 0.092 0.526 1.89
318.4
1L 0 - - 0.000 -0.066 0.000 0.000 0.004 0.000 0.000 0.104 0.396 0.00
17 {RL{ M 700 a2sa 323.13 69° 0.353 1.469 1.m1 | 1199 0.210 0.013 0.002 2.346 0.083 0.96
323.2 :
40 [ R 7100 232301 32318 | 62.01 0.333 0.480 0.162 0.188 0.188 4.603 0.329 0.048 0.565 1.32
323.2 ) N
L o - - 0,000 -0.032 0.000 0.000 0.002 0.000 0.000 0.051 0.398 -0.00




64

¢raze
wo weoe £80°0 oo 58T 6§50°0 190°'0 $s0'0 192°0 96t 0 e vere 000y 1
y e
ot 0’0 L 9o (14383 r'o 1090 19¢'0 6cL’0 ¥550 7Y | SeUeig e 00011 ¥ | 9
i 13424
(198 4 98¢°0 $86° Y 600°0 6%0'0 01’0 Wt o9'e o't ey’ 0% cue e LC0OSTH TS 1]
y e
09°0 ye'o nro 190°0 080°7 0s0"0 vo'o 8€0°0 mwre 951°0- &€t°o yTze Y 00z 1
L 3%
L1284 i50'0 no°o wUs’o 13/ 69y°0 099°0 siy'o g8L’0 1O ({194 L1454 9" 9ne 18241 00021 ¥ | 941
. . rotc
£0°T meo $66°Y 600°0 6%0°0 o1T°0 6100~ | ‘Y 9o %o o83 | S9°0zE 9°02¢ 000ST W | 1% L
9 ac
60 o 910°'0 %071 0ro*o oo o10'0 fot'o 81 o- Qoo kartis T 009t 1
. §22¢
%'t 950’0 (1108 [ 4728 £8%°0 Lo 65’0 £69°0 osy'1 zL9°0 wTy | setzze i 00SKLT ¥ | 41
e
00°e 99E°0 966" Y §00°0 6%0°0 otzro uro (17381 ue'n (3 /4] o9 e e 000ST M | 1 W t
1°¢6T
o "s'o s61°0 €o0'0 6290 oo z00'0 00°0 ™vyo ’?wr'o- €go'o 67262 (11 009 1T
- 0°s¢¢
(1} (ot'o 08070 [3 381 we'e 990 %90 50 9%6'0 o’y eiLo T | S5 AL 6 9L 000ET W | D41
[ 844
002 98¢0 eecy 600°0 6¥0'0 oiz'o 992°0 o'z gLt ost'o o¥% | soT1ZE rize OOOSTH TR L]
9 1ne -
£6°0 §90'0 s10°0 o (14484 %01°0 ootr*o 060°0 o ssTo §9° ¢ rng 000§ 1
. § ozt
%0 160°0 910°0 9o e 660°0 <60°0 90 sor°o sz LY | S0 oE [ 14 000§ W | S+
(143
11981 (990°0) str'o 9¢°¢ 400°0 ¥z0°0 otr'o 096°0 056°0 $58°0 90%°0 o¥9 | s6°2EC L2149 0OSOT R {1 W] €
. . £
14081 $90°0 st0'o oo 906" ¢ oiz'o o mwre o . 9o (3119 Lozt oSt 1
e
mw $g0'0 uwo'o uc'o (L1084 tor-o 66170 &n-e nee <o €79 | gttze e 00SL W | €45
’ 012K
10°2 | (0%0°0) e’ o 066" ¥ 600°0 6%0°0 oiz’e 180 1€9°0 o050 Pl 1 o'1zg ok COOST W {1 % A\
899t
(1381 90°0 80’0 19%°0 0vo'9 90¢° 0 €62°0 290 weo £9y°0 9°9%¢ Ll 00001 ‘1
) v
(738 950°0 ££0°'0 950 62079 foc 0 o 9’0 cic'o 99°0 TETT9 | fvLvC i 00001 ¥ | £4¢
6 0z¢
e (080°0) w0 "9 t10°0 Uo'o oo 991 1991 »o:.— 160 089 | S670ZC o1zt QOSSN | T X <
. - [ 30211
0z 650°0 050°0 %09°0 "%l ov'o Loy’ 0 €9%°o fey'o 155'0 [0 4131 6°yic 00§11 1
Loyie
0 9%0'0 $£0°0 £08°0 661° L 61v°0 w0 w0 ayo 155’0 w9 (3 411 14 0051t W { 14
97942
9%z | (£50°0) 9’0 [{{3¥3 oo $60°0 oo 6£1°0- | Of1°0-| 8¢0°0 rotr't oFT99 | €99z (35 134 000§T M | T ¥ T
Tt
(33 4 0’0 yio'o 'l 15678 €29°0 B65°0 6£5°0 $99°'0 €89°0 s0°15¢ 0IsE 000ST 1
1314
[i38 Y00 9s0°0 L1248 £96° 9 ¥29°0 665°0 oS0 . 90 189°0 [iag4] STos¢ E 3L 11 000ST ¥ | T+t
[ 38111
99°¢ [(150°0) €621 6 £20°0 o o1z'o werre oo 809°0 ue't o9 e (3244 Q00T N | T W 1
114 k43 14 114 1 -2 61 L) t 9 1 n 11 un 1" o1 13 [ t 9 < v L4 13 1
75
ol g% 53l 58 |5z ) | 53| E3 ) 5§32 | 53 | e5® | 3%7 g g | esl{sg | 2 |=%%| 2 i coEl g
3 ii =] nz = 2 2 33 na LR L 232s g m. 3 » 2] ] vigla
i =5 | 7% | ¢ 3 §| 7R | R3 Ey B | 555 | g8 3 iR z | ZRE) & ig| s
: i 28| 7% | eR 2 E | fn | 75| R e |3%E § R iRl g §o(EEd) i Xégis
£ |5 Fal . 1 2 et | w2 | 52| 52 337 | B3t 0 8¢ iglig 7a%| & ¥ a7 7
< |8 3| 33 12§ 3 | §3 ) I§ | g3 | 23 [EEs | ez A - ot I : |£RE o oFs
2 |9 sgl 8z (§e | 3 50 8s |85 55 55 "% L § ] ET | oEER % ggil § | 1 $egi ¥
i 13 28Tl s 2| ZF ) Yl qb | ek | cep | ¥sd 31 opp | Bp g |%E3y 0w | & °E
. o ¢8| ax 14 & h ~e -% e bt 3 5an S 33 a2 [ L
. ~ - e ~ ) o - - L n n- » ~ ” » L) o i~4 -~ L]
L 1R s 4 21 35| Tl §a2 | gwt | m2e & i aif i | & | %l g §i
n ~ ~ L) 2 o fod - fod W - ““ - - > o - o o
) - . " - w nh\ ﬂﬂ\ o o »e ”» m \ln ﬁ 2 oW - N - -
v |3 .. 22 {58 | Rz % Z s )
n “ ~ peo = - - - . " p L) ~ [ M . e -
- ”~ . L3 3 . u b -~ e f~3 - mﬂ - < -
[~} m .M -~ ol o . - - o N - o L] o a - "l\
- 5 = g8 88 50, 5 %2 | IZ% g -l B
-~ ) < am ow F PR ] %3 “ -4
< < e .am.‘ - - =~ 570
g 5 5] s 23 v
g H W% | 3% : 8
. 1 s | Fa| 2| 2 § ]
V- LI I I I 8 3

- PON-911 1N0YI1A PIOJIUM 09 10 ¥Ieq veot Mok (AT 40479




1E_¥-1 Torw Loss Data for 60" Msnifold without Tie-Rod (cont'd)
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1 2 3 4 5 6 7 8 -9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2% 5
10} R L | N 15000 321.2 321.25 | 68° 0.749 1.027 1.259 0.675 0.210 0.049 0.00% §.985 0.386 2.00
321.3
25 | R 9300 318.6 318.65 | 62.32 0.478 0.562 0.638 0.281 0.312 0.320 6.245 0.606 0.022 0.05? 1.79
8.7
L 5500 - 326.1 326.15 0.271 -0.022 0.362 0.099 0.110 0.118 3.533 0.19% 0.052 0.134 1.01
326.2 :
11 | RL | M 15000 320.5 320.55 | 68° 0.751 1.68) 1.848 1.460 0.210 0.049 0.009 4,996 0.388 2.00
320.6
»5 | R 9000 325.7 325.7 62.32 0.443 0.433 0.391 0.245 0,272 0.280 5.789 0.520 0.020 0.052 1.66
325.7
L 6000 313.8 313.8 0.307 0.048 0.809 0.124 0.138 0.147 4,005 0.249 0,060 0.103 1.13
313.8
3 nr | M 15000 321.4 321,35 | 67.5° 0.749 2.161 2.268 2.019 0.210 0.049 0.009 4.983 0.386 1.99
3213
&5 | R 8000 307 .4 307.3% | 62,32 0.418 0.352 0,559 0.220 0.244 0.252 5.653 0.462 0.02% 0.061 1.55
307.) .
L 7000 340.1 340.0% 0.330 0,103 0.441 0.142 0.158 0.167 4312 0.289 0.03) - 0.086 1.23
340.0
13 | R L { N 18000 337.0 337.0 68° 0.857 2.020 2,448 |-0.250 0.210 0.063 o0.011 5.702 0.503 .29
337.0
X+0 | R 18000 337.0, 337.0 62.32 0.857 2.480 0.807 0.896 0.907 11.189 1.944 0.138 0.266 3.2
337.0 .
L o - - 0,000 -0.218 0,000 0,000 0.011 0.000 .0.000 0.276 0.547 0.00
14! R L | ¥ 15000 320.9 320.9 68° 0.750 2.067 2.644 0.353 0.210 0.049 0,009 &.9% 0.387 2.00
' 320.9
0 { R 15000 320.9 320.9 62.32 0.750 1.926 0.63% 0.704 0.712 9.792 1.489 0.110 0.283 2.81
320.9 ]
L (] - - 0.000 -0.167 0.000 0,000 0.009 0.000 0.000 0.211 0,546 0.00
1S | R L | ¥ 10000 320.6 320.5% | ¢8° 0.501 1.499 I 1.782 ] 0.820 0.210 0.024 0,004 3.3 0.172 1.34
320.5
240 | R 10000 320.6 320.58 | 62.32 0.501 0.889 0.30% 0.338 0.34) 6.535 0.663 0.056 0.32) 1.87
320.5 X
L ] - - 0,000 -0.073 0.000 0.000 0.004 0,000 0.000 .0.0vu 0.552 0.00
16| RL | M 650 3.2 333.28 | 68° 0.3 0,935 1.172 o..ﬂw_. 0.210 0010 0.002 2.082 0.067 .84
3333
&0 | R 650 m.2 333.25 | 62.32 0.313 0,364 0.130 0,143 0.146 4.086 0.259 0.026 0.382 1.17.
333 ’
L o - - 0,000 -0.027 0.000 0.000 0,002 0.000 °.§. 0.039 0.573

0.00
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TABLE V-14 Form Loss Data for 60° Manifold with TR} Tie-rod (continued)
£ __ g |
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N = M " s 2] 2% 3 @ o= ® ] ] iz v o0 &0 ) o O o - . £ > - <a M
sl s l%d i PR BRI O - B tec | BEE| 5B | g2 | g% | g% E |z | zs|pi |85 3183 |3
Sl L ] = 3 [l oo K] ERE - P K] - 45 o - - - o o ©
o w CX] ™ -9 ) v oA Y - t.v.m ] v ° v E cm o an. Muﬂ. ut Sa m "m £
u H Iel 1nlv. m “ . md “ W ". M m W m m v & LR - - -y - a - - — R u o < O h
& & 88 4] & &3 a 235 ® S Za s £38 age nd o8 s ] & s ] EL N o~ s
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
10 M 19000 406.7 406.7 70° 0,750 1,080 1.302 0.642 0.210 0.049 0.009 4.989 0.387 2.06
406.7 . i
R L | R 15000 505.1 505.05 | 62,30 0.477 0.648 0.635 _ 0.279 0.310 0.318 6,224 0.601 0.115 0.297 1.83
505.0
245 | L 8000 467.9 467.95 0.274 -0,012 0.365 0.102 0.113 0,121 3.582| 0.199 0.054 0.1460 1.06
. 468.0
11 M 19000 407.3 407.3 70° 0.749 2.185 2.270 1.95% 0.210 0.049 _m 0.009 4,982 0.385 .».Oo
407.3 !
RL | R 11000 424.7 424.7 62.30 0.416 0,440 0.557 0.218 0.262 0.250 5.427; 0.457 0.118 0.306 1.60
, 426.7
445 | L 9000 435.3 435.3 0.332 0.125 0.443 0,164 0.159 0.168 4,332 o0.291 0.051 0.132 1.28
435.3
12 M 19000 360.2 360.25 | 70° 0.847 2.038 2,423 | -0.268 0.210 0,061 0.011 5.633 0,493 2.32
360.3
R L | R 19000 360.2 360.25 | 62.30 0.847 2,516 0.789 0.876 0.887 11,052 1.897 0,225 0.457 3.26
360.)
X+9 | L [+] - - 0.000 -+ -0.175 0.000 0.000 0.011 0.000| 0.000 0.307 0.623 0.00
T
1 M 15000 3211 321,05 | 70° 0.750 2,122 2,468 0,339 0.210 0,049 0.009 “ 4.9% 0.387 .06
321,0 : :
R.L { R 15000 1.1 321,08 | 62.30 0.750 1,993 0.63% 0.704 0.712 9.790| 1,488 0.179 0.463 2.89
.0 -
140 | L 1] - - 0,000 -0.136 0.000 0.000 0.009 . 0.000| 0,000 0,242. 0,626 0.00
16 M 15000 429.3 429.3 170° 0.561 2.144 2.430 1.218 0.210 0.029 0.005 m 0.216 1.54
4293 |
RL { R 15000 429.3 429.3 62,30 0,561 1.139 0.374 0.416 0.421 7,322, 0.8 0.102 0.472 2.16
429.3 }
240 | L [+] - - 0.000 -0.076 0.000 0.000 0,005 0.000| 0.000 . 0.135 0,623 0.00
13 M 10000 445.5 443.6 70° 0.360 1.5 1. 1.256 0.210 0.013 0.002 2,397 0.089 0.99
443.7
AL | R 10000 448.5 445.6 62.30 0.360 0.488% 0.168 0.186 0.189 4,703} 0.343 0.082 0.471 1.39
443.7 )
&40 1 L 1] - - 0.000 -0.030 0.000 0.000 0.002 0.000| 0.000 0.037 0.638 0.00
o
/
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TASLE V-15  Porm Loss Data for 43° Manifold without Tie-rod (Cont*d)
F g . ~
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i o ] o & ® MCI I 3 RN N
M m < TR < £ H Bo %~ < & o
§ L I AEIRTr AR CH S S-S L AP O b I by
- X - -4 < ] TR [} s G c e = 0 o °
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& 513845 F < ~a a w & $3 ] s L2585 | ate | &2 - cx | &3 ] s g5 28 |28 < 2 o
1 2 3 4 ] 6 ? ] 9 10 1 12 13 14 13 16 17 18 19 20 i 22 1) 24 25
10 M 19000 330 .o 61° 0.921 2.038 2,313 1.426 0.210 o.on ©0.012 6.128 0.583 2.4
e . .
AL} R 16000 Muu.n 437.2 62,31 0.587 0.822 0.638 0.407 0,454 0.466 7.666 | 0.913 0.026 0.063 .17
37.2
2+5 | L 8000 un.o 384.8 0.3 «0.083 0,382 0,143 0,162 0.17% 4,353 ) 0.298 0,050 0.086 1.23
84,7
11 M 19000 ' 330.7 307 67° 0.922 1.444 1.392 1.054 0.210 0.071 0.012 6.134 0.534 2.43
30.7
RL | R 12000 358.2 358,23 | 62.22 0.538 0.600 0.584 0.347 0,387 0.399 7,017 | 0.765 0.021 0.036 1.98
358.3
2+4 | L 9000 376.2 376.23 0.384 0,062 0,416 0.187 0,209 0.221 5.011 | 0.390 0.036 0,061 1.42
376.3
12 M 15000 359.8 3s9.85 | 67.5° 0.847 2.078 2.307 |-0.26% 0.210 0,061 0.010 3.637 0.493 2.25
339.9
RL | R 19000 3139.8 359.85 | 62.32 0.847 2.3%) 0.79% 0,882 0.892 11,061 | 1,900 0.2%4 0.516 3.5
359.9
X+0 | L [ - - 0,000 -0.219 0.000 0,000 0.010 0,000 | 0.000 0.264 0.536 0.00
13 M 18000 388.6 388.63 | 66.5° 0.743 2.110 2.489 0.337 0.210 Q.09 0.008 4,944 0.380 1.94
388.7
&L} % 168000 388.6 388.63 | 62.33 0,743 1.983 0.623 0.696 0.704 9.700 | 1.461 0.198 0.3521 .n
388.7
140 | L [J - - 0.000 -0.169 0,000 0,000 0.008 0,000 | 0,000 0.202 0.534 0.00
14 M 14000 399.0 399.08 | 67° 0,563 2,194 1.501 1.240 o.210 0.030 0.003 3,746 0.218 1.40
399.1 ’
R L | R 14000 399.0 399,08 | 62,32 0.363 1.164 0.1 0.421 0.426 7.349 | 0.839 0.117 0.539 1.08
399.1 .
40 | L ] - - 0.000 -0,097 0.000 0,000 0.003 0,000 | 0.000 0.116 0.532 0.00
13 N 8000 345.0 345,08 | 67.5° 0.3712 1.738 1.9%0 1,622 0.210 0,014 0.002 2473 0.095 0.99
3431 .
RL | KR 8000 343.0 33,08 | 62.02 0.372 ,326 0.178 0.19 0.201 4,857 | 0,366 0.0%4 0.56% 1.3
s
&40 | L ] - - 0.000 -0.082 0.000 0.000 0,002 0.000 | 0.000 0,051 0.33% 0.00
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TABLE V-16 Data of Hydraulic Power Losses in Wye Arrangements

A. 90° Wye Without Tie-rod

Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm

M 0.748 M 0.747
R 0.748 1.000 0.322 0.322 R 0.552 0.740 0.149 0.173
L 0.000 0.000 0.526 L 0.195 0.260 0.243
M 0.752 M 0.753
R 0.740 0.984 0.290 0.294 R 0.479 0.638 0.148 0.158
L 0.012 0.016 0.521 L 0.273 0.362 0.175
M 0.748 M 0.753
R 0.717 0.957 0.264 0.274 R 0.444 0.591 0.126 0.138
L 0.032 0.043 0.493 L 0.308 0.409 0.155
M 0.751 M 0.751
R 0.674 0.895 0.210 0.233 R 0.416 0.555 0.134 0.137
L 0.078 0.105 0.429 L 0.334 0.445 0.140
M 0.752 M 0.749
R 0.595 0.791 0.166 0.193 R 0.374 0.499 0.146 0.134
L 0.157 0.209 0.296 L 0.375 0.501 0.123
B. 90° Wye with TR3 Tie-rod

Q Qb K P Q Qb K P

(cfs) Qm (cfs) Qm

M 0.748 : M 0.747
R 0.748 1.000 0.530 0.530 R 0.553 0.740 0.279 0.287
L 0.000 0.000 0.582 L 0.194 0.260 0.309
M 0.752 M 0.749
R 0.739 0.984 0.486 0.487 R 0.476 0.636 0.366 0.320
L 0.012 0.016 0.578 L 0.273 0.364 0.240
M 0.748 M 0.749
R 0.716 0.957 0.469 0.473 R 0.441 0.588 0.399 0.331

L 0.032 0.043 0.556 L 0.308 0.412 0.234



TABLE V-16 -- (Continued)
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Q Qb K P Q Qb K P
~(cfs) Qm (cfs) Qm
M 0.751 M 0.748
R 0.673 0.895 0.390 0.401 "R 0.414 .553 0.358 0.307
L 0.078 0.105 0.496 1.0.334 L4470 0.244
M 0.748 M 0.749
R 0.592 0.791 0.307 0.320 R 0.375 0.501 0.323 0.317
L 0.156 0.209 0.367 L 0.374 0.499 0.312
C 60° Wye without Tie-rod

Q Qb K P Q Qb K P

(cfs) Qm (cfs) Qm

M 0.750 M 0.749
R 0.750 1.000 0.292 0.292 R 0.555 .742 .060 0.100
L 0.000 0.000 0.554 L 0.195 0.258 0.213
M 0.749 M 0.750
R 0.737 0.984 0.274 0.278 R 0.480 0.640 0.052 0.077
L 0.0L12 0.016 0.548 L 0.271 0.360 0.121
M 0.749 M 0.749
R 0.717 0.958 0.194 0.207 R 0.416 0.556 .057 0.069
L 0.034 0.042 0.518 L 0.332 0.444 .084
M 0.750 M 0.750
R 0.673 0.897 0.135 0.166 R 0.376 .501 .073  0.069
L 0.079 0.103 0.434 L 0.374 .499 .065
M 0.752
R 0.596 0.793 0.086 0.126
L 0.157 0.207 0.281




TABLE V-16 -- (Continued)

D. 60o Wye with TR3 Tie-rod E. 450 Wye without Tie-rod
Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm
M 0.749 844

.844 1.000 0.484 0.484
.000 0.000 0.538

.898

.863 0.960 0.390 0.39%
.035 0.040 0.499

.922

.836 0.906 0.270 0.284
.086 0.094 0.424

.923

.729 0.789 0.130 0.152
.193 0.211 0.236

.922

.646 0.700 0.063 0.088
.275 0.300 0.146

.923

.588 0.637 0.035 0.059
.334  0.363 0.102

.923

.540 0.585 0.028 0.050
.382  0.415 0.081

.923

462 0,501 0.041  0.046
460  0.499 0.051

(=]

.749 1.000 0.454 0.454
.000 0.000 0.625

.748

.736  0.984 0.426 0.428
.012 0.016 0.612

. 745

.712  0.957 0.402 0.409
.032  0.043 0.590

747

.669 0.896 0.333 0.351
.078 0.104 0.509

.746

.509 0.682 0.268 0.240
.238 0.318 0.180

L7448

.438 0.588 0.311 0.237
.307 0.412 0.132

742

411 0.553 0.294 0.236
.331 0.447 0.164

.750

.375  0.500 0.232 0.230
375 0.500 0.227
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TABLE V-17 Data of Hydraulic Power Losses in Manifold Arrangements

A. 90° Manifold without Tie-rod

Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm
M 0.750 M 0.751
R 0.750 1.000 0.348 0.348 R 0.555 0.736 0.177 0.206
L 0.000 0.000 0.541 L 0.197 0.264 0.286
M 0.750 M 0.750
R 0.739 0.984 0.320 0.323 R 0.478 0.637 0.170 0.193
L 0.012 0.016 0.532 L 0.272 0.363 0.234
M 0.750 M 0.751
R 0.720 0.962 0.315 0.323 R 0.442 0.590 0.175 0.192
L 0.029 0.038 0.521 L 0.308 0.410 0.216
M 0.750 M 0.750
R 0.672 0.895 0.235 0.258 R 0.417 0.557 0.182 0.203
L 0.079 0.105 0.457 L 0.332 0.443 0.207
M 0.752 M 0.751
R 0.594 0.788 0.190 0.221 R 0.375 0.499 0.188 0.184
L 0.159 0.212 0.339 ' 1L 0.376 0.501 0.180
B. 90° Manifold with TR3 Tie-rod
Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm
M 0.750 M 0.750
R 0.750 1.000 0.500 0.500 R 0.447 0.636 0.383  0.349
L 0.000 0.000 0.588 L 0.273 0.364 0.289
M 0.750 M 0.750
R 0.718 0.956 0.445  0.450 R 0.441 0.588 0.405 0.353
L 0.033 0.044 0.562 L 0.309 0.412 0.280
M 0.749 M 0.750
R 0.671 0.895 0.376 0.390 R 0.417 0.556 0.370 0.333

L 0.079 0.105 0.514 L 0.333 0.444 0.286



TABLE V-17 -- (Continued)
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.749
.554  0.739 0.063 0.104

Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm
M 0.751 M 0.751
R 0.592 0.789 0.320 0.337 R 0.374 0.499 0.318 0.315
L 0.158 0.211 0.403 L 0.376 0.501 0.313
M 0.750
R 0.554 0.739 0.301 0.31%
L 0.196 0.261 0.351
¢c. 60° Manifold without Tie-rod
Q Qb K P Qb K P
(cfs) Qm (cfs) Qm
M 0.750 M 0.749
R 0.750 1.000 0.283 0.283 R 0.478 0.638 0.057 0.085
L 0.000 0.000 0.546 L 0.271 0.362 0.134
M 0.750 M 0.751
R 0.718 0.956 0.207 0.220 R 0.443 0.591 .052  0.072
L 0.033 0.044 0.514 L 0.307 0.409 0.102
M 0.749 M 0.749
R 0.672 0.895 0.144 0.175 R 0.418 0.559 0.061 0.072
L 0.078 0.105 0.445 L 0.330 0.441 .086
M 0.751 M 0.750
R 0.593 0.788 0.057 0.107 R 0.375 0.499 0.055 0.060
L 0.159 0.212 0.29 L 0.376 0.501 0.065
MO
RO
Lo

.196 0.261 0.221
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TABLE V-17 -- (Continued)

D. 60O Manifold with TR3 Tie-rod E. 450 Manifold without Tie-rod
Q Qb K P Q Qb K P
(cfs) Qm (cfs) Qm
M 0.750 M 0.847

o

.750  1.000 0.463 0.463
.000 0.000 0.626

.751

.718 0.955 0.419 0.427
.034 0.045 0.595

.750

.671 0.893 0.347 0.365
.080 0.107 0.518

.750

.592  0.788 0.284 0.299
.159 0.212 0.354

.750

.555 0.739 0.264 0.266
196 0.261 0.274

.750

477  0.635 0.297 0.239
.274 0.365 0.140

.749

.416 0.557 0.306 0.229
.332 0.443 0.132

.750

375 0.499 0.201 0.218
.376  0.501 0.236

o

.847 1.000 0.516 0.516
.000 0.000 0.536

.887

.853  0.962 0.382 0.386
.034 0.038 0.499

.922

.836 0.906 0.272 0.286
.086 0.094 0.426

.922

.728  0.790 0.118 0.143
.194  0.210 0.236

.922

.646 0.700 0.057 0.080
.276  0.300 0.135

.921

.587 0.638 0.045 0.060
.334  0.362 0.086

.922

.538 0.584 0.036 0.046
.384 0.416 0.061

.921

459 0.499 0.031 0.037
461 0.501  0.041

H ® R PR R PR RERE R MR R PR R
O © O O O 0O 0O 0O 0O O O 0O O 0 0O 0 0 O 0 © O ©
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TABLE A-1 Distance from Theoretical Center of Elbows to Piezometric Rings
on Straight Pipe *

Particulars Distance Distance Distance Distance Distance
ss” stc CF FD SD
ft. ft. ft. ft. ft.

45° elbows 0.167 0.641 . 0.5 8.833 10.141

30O elboWs 0.167 0.333 0.333 8.833 9.666

221/2o elbows 0.167 0.370 0.238 8.833 9.608

Note: the average radius of each elbow is 15 inches.

* See Figure A-2



Head Loss Data for bmo Elbows

TABLE A-2
\«.W ~~ [V | ~~
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Q [6 =] g o U 4
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=] ~ N’ Uy v o o o~ [ S ¥ (]
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~ (9] - [ NS} a0~ o0 Y1 w O /)] Q
Uy (] G U~ [=R S o~ Wy (o] o
; N w &8 T . g
—~ —~ -~ a8 O~ ~ ~ W
L 0 [0} A /5] 5} o o o= e o 43 is) (0]
&< 0 — 44 %] U [T [OR ] o g & (o} U4 W [e]
o — [ [} 1S (3] [} [ o N W o Qg - ~ Q
= = W = o ~ ] U O Is) [
) o o H em oo 3} oo 7] 0
o o (O] Q © (] [o1)] [=1V] N Ul (o] )] w
[8) o Q. i3] a8 o= 60 um 53 O Q o~ (¥ T | e} o]
o o =} o o 1% o G M Y . = Do ] =
ot oAy =~ H Uy ] O o [ S 3 o o~ O
~ <= + O =} ~ %} 0 — 0 = =
[3] o0 o [ . o 0 A km 0~ O a3 o N (o] e}
8 B B 5 5 J - 3 & S % T I 2 o 4 o
[ Wm H < H = ~ f== i) A Ay N ) = &] [=a] [£a]
1 2 3 4 5 6 7 8 9 10 11 12 13
19000 334.3 334.3 69° 0.912 0.664 -0.242 1.116 1.018 0.041 0.139 0.063
334.3 62.31
g 15000 319.1 319.1 69.5° 0.754 0.897 0.314 0.793 0.722 0.028 0.099 0.066
= 319.1 62.31
=]
» 10000 316.3 316.3 69.5° 0.507 0.987 0.807 0.390 0.352 0.013 0.051 0.075
S 316.3 62.31
o
M 6500 334 .4 334.4 69.5° 0.312 1.804 1.851 0.163 0.146 0.004 0.022 0.086
334 .4 62.31
19000 330.3 330.35 70° 0.934 0.702 -0.225 1.137 1.040 0.042 0.139 0.062
330.4 62.30 ,
k3
8 16000 341.3 341.3 70° 0.754 0.883 0.306 0.787 0.718 0.028 0.097 0.065
= 341.3 _ 62.30
& 10000 317.7 317.7 70° 0.506 0.928 0.752 0.386 0.349 0.012 0.049 0.073
2 317.7 62 .30
6500 335.4 335.4 70° 0.313 1.782 1.830 0.162 0.145 0.005 0.022 0.085
335.4 62 .30
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Head Loss Data for 30° Elbows

TABLE A-3
\Qﬂ ~ [ ] ~
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3 ©g 5 S g o o 3 a. 8 3 et 5 3 8 S 2
A Wm H <t H = (] = an) = A A~ = > 0 <3} =3
1 2 3 4 5 6 7 3 9 10 11 12 13
19000 328.8 328.85 mo.mo 0.927 0.551 -0.299 1.060 0.999 0.043 0.103 0.045
328.9 62.31
w 15000 315.6 315.6 oo.mo 0.763 0.798 0.262 0.746 0.702 0.028 0.073 0.047
o 315.6 62.31
3]
o 10000 318.6 318.65 mo.mo 0.504 0.847 0.702 0.355 0.331 0.013 0.037 0.055
5 318.7 62.31
-
~ 6500 328.7 328.75 mo.mo 0.317 1.575 1.630 0.155 0.143 0.005 0.017 0.063
328.8 62.31
19000 326.6 326.65 moo 0.933 0.567 -0.293 1.070 1.011 0.043 0.101 0.044
326.7 62.31
w 15000 319.2 319.2 moo 0.754 0.750 0.231 0.729 0.687 0.028 0.070 0.046
w 319.2 62.31
=l
o 10000 317 .4 317 .4 moo 0.506 0.862 0.714 0.358 0.333 0.012 0.037 0.055
.m 317.4 62.31
6500 332.8 332.8 moo 0.313 1.736 1.794 0.152 0.140 0.005 0.017 0.064
332.8 62.31
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TABLE A-4  Head Loss Data for NNWO Elbows
\Qﬂ ~ [ ~
] . 0 Q 3
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%) o Uy =] a v H ~ ol
: 7 3 - io BE 2
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[2) 3 Q.0 o~ U o ol " Yy
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o0 — e} 3 {IX] QM U o T o H 5] =Y U 0
S — o] fur] ¥ 3] [~ O B N W o ¢ ~ &)
o =~ > H m O ~ © U o + Q
o “ o U H em >0 [9) s> I =} 9] (]
w3 2 TR T 23 LR I - :
a M = o s ~ am g N . <) KA - |
ol ooy H e (X ] ] (&I (L =] o - Q
9] e ) N=] H 0 ) — Qv = 3
9] o0 o 0] . <% [3) o™ D km 0N~ g 3] O o [e]
0 ot o =] O] g - (7} oW [} v U0 1J —~ £ ra)
] em o > QP o o M o 0 [UQ L pen o) v 0 — —
(=] = B < H = [a] =D jai g sV H =0 [e3] =3
1 2 3 4 5 6 7 8 9 10 11 12 13
19000 331.1 331.1 moo 0.922 0.647 -0.162 1.019 0.983 0.042 0.078 0.035
: 331.1 62.31
w 15000 317.5 317.5 ooo 0.760 0.837 0.325 0.722 0.692 0.028 0.058 0.038
ot 317.5 62.31
=
» 10000 320.7 320.65 mo.mo 0.501 0.913 0.781 0.342 0.325 0.012 0.029 0.044
< 320.6 62.31
o
~ 6000 326.4 326.35 mo.mo 0.295 1.474 1.551 0.133 0.125 0.005 0.012 0.054
326.3 62.31
19000 321.2 321.25 mo.mo 0.921 0.642 -0.172 1.024 0.980 0.041 0.085 0.038
321.3 62.31
w 15000 321.1 321.05 moo 0.750 0.802 0.302 0.710 0.676 0.027 0.061 0.041
= 321.0 62.31 . :
w2 10000 318.6 318.65 moo 0.504 0.942 0.803 0.349 0.329 0.013 0.033 0.049
_m 318.7 62.31
6000 322.4 322 .45 moo 0.299 1.530 1.603 0.137 0.128 0.004 0.014 0.058
322.5 62.31
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