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1| High-Pressure Water Cleaning
(20gpm at 10,000psig)

2| Glycol Injection (5gpm at 1,000 psig)

3| Ammonia Charging (40gpm at 4,000 psig)
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—— Horizontal —— Single-acting Piston — Simplex
Power— Plunger —— Duplex
Vertical —— Double-acting — Diaphragm — Multiplex
Reciprocating pumps ——
— Horizontal — — Piston Simplex
L Direct-acting — Double-acting Plunger ——
— Vertical — — Diaphragm — Duplex
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e
331
301 Cylinder, Liquid
302 Head, Liquid Cylinder
303 Plunger
304 Valve assembly, discharge
307 Valve assembly, suction
309 Manifold, suction
310 Box, Liquid stuffing
311 Gland, Liquid stuffing box
312 Ring, follower
L)
309 332 323 24
315
306 o 322
314 Bushing, throat 303
315 Packing 301 ,
321 Deflector 5
322 Ring, Lantern
323 Cover, Valve 302
331 Flange, discharge
Companion \
332 Flange, suction ! 321
Companion 307

Liquid End :\ % JS5




101 Frame, power 104 109 105 119 107
102 Crankshaft

103 Rod, connecting
104 Crosshead, power
105 Pin, wrist

106 Bearing, crankpin
107 Bearing, main crankshaft T _
109 Bearing, wrist Pin q grel WYY
110 Extension, crosshead G ¢ 23
112 Cover, crankcase 2 i

114 Box, wiper iy o
115 Breather oA A
119 Housing, crankshaft bearing -

115 106 103

102 119 107
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” Last ring bitgg hardest into plunger
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For cool water and fluids with comparable lubricity.
Total packing length must be less than plunger stroke length
to properly wet the last ring of packing with pumpage.

8. Standard nonlubricated stuffing box

‘---Lubricam fed to plunger on
atmospheric side

7 A O Peine
Z NN G o q/&m\ WA

Movement of lubricant

e
I v
*Last ring of packing does most of

Good design. sealing—bites hardest into plunger

Puts lubricant under last ring—where it is needed most.
Allows use of low-pressure and drip-type lubricators.
Very little [ubricant migrates into pumpsge

Packing may be square, Chevron, or nonadjustable.

c. Alternative lubricated stuffing box

f Bleedoff to low-pressure point

7 Y //

TSI 2777 S
27250

Only one ring” Unlosded mechanically
highly Ioadod Only load is low-pressure
Less friction and lower temperature than unit in Fig. 8d.
Longer life of packing and plungers.
Secondary packing cannot be adjusted to compensate for wear.

e. Modified gland follower to allow bleedoff

= Lubricant fed to plunger on =
| atmospheric side of packing

jed iy

Movement of lubricant

LN NSIN 77 NS
7

v Last ring of packing does most of
sealing—bites hardest into plunger

\\V

Good design, long life, minimal leakage.

Puts lubricant under last ring—where it is needed most.
Allows use of low-pressure and drip-type lubricstors.
Self-agjusting.

g- Lubricated spring-loaded V-ring packing

Bleedoff to low-pressure
point (suction) ’

7

B RARSISS AN

i -Lubricant injection

=% “W//’”’

l\ R N N N,
RAAR ) AT >3 7

Movement of [ubricant

TN R

! SO TN \{///: \“\
T s

The best design for most high-pressure critical services.
Combines best features of two-gland box and spring-loaded
packing. Negligible leakage, long life, self-adjusting pecking.

i. Tandem spring-loaded packing with bleedoff and lubrication

This ring does most of uulmg

i W///
AN 77E TS

Movement of lubricant

7z mwmnpmsnnw

///Y/W.////Z’////
A Last ring of packing does most of

Good desian, sealing—bites hardest into plunger

Most of the lubricant migrates into pumpage.

Packing may be square, chevron, or nonadjustable.

b. Standard lubricated stuffing box

Tots! pressure drop occurs
across these three rinqs -‘

’ Bleedoff to low-pressure point

\\\ ﬁﬁﬁw-wﬁﬁm‘“\wm
///7 A5

Nem=mddeo All three rings are fully loaded
High friction causes excess heat.

mechanically—bite hard into plunge:
Short life of packing end plungers,

Poor spplication—improper use of standard box.
d. Standard box used to bleed pumpage

7

/Stufﬁnq box

_~Stuffing-box gland

Throst s WA 777777 / :
bushing .//é-v-v-r-r_-an)x& &N 2 THinE
el
Smiﬂﬂ o -‘-—.-
W LT ¥ D D) S s T
A IS
*= Female adaptor
Male odoptoc V -rings
Minimal leakage.  Normally limited to intermittent duty.  Self-adjusting.

f. Nonlubr‘lmtd, spring-loaded V-ring packing *~

~=Lubricant

1
injection Large gland adjusts

7 primary packing

Bleedoff to low-pressure
point (suction) ’

e
t

L

W Y

Movement of lubricant

. A

"\ small gland adjust

Primary (high-pressure}” | ! secondary packing

e e
packing Secondary (low-pressure)

packing

The old s1anderd for high-pressure, critical,

Provides independent adjustment of primary and- smnmrv
packing. [Proper adjustment requires skilled mechanic.i

Full-size secondary packing.

Positive packing lubrication, Long packing snd plunger life.

Negligibfe [eakage to atmosphere.  Excellent for volatile fluids.

; 2 h. Lubricated two-gland stuffing box

;.&‘\& 7-f A -.c/,u\
A -

=1 Lubrication is optional,

j. Glandless stuffing bax with
spring-loaded square packing

Stuffing Box glgil :)A JSi ‘
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( US Units )D =

( Metric Units )D =

(US Units) D =

(Metric Units) D =
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(Total Suction Pressure)
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(Total Differential Pressure)
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PH = Pd - Ps

(P,) cuas glasl jLis —jo-v
(Elevation Pressure)
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(Elevation Head)
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(Plunger or Piston Speed)
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(US Units) V= — 2= fmin
360
( Metric Units) V = nL m/sec
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(Total Discharge Pressure)
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_PREFACE

Energy and its transmission have the most
important role in industrial and economical
development and due to great resources of oil
and gas in our country it seems to be economical
to plan for exploitation of these energies.
Planning for export of such energies needs its
especial equipments for extraction, refining and
distribution.

Although using oil and gas and development of
petrochemical industries has got long history in
our country, there is no suitable and updated
technology to help this industry.

One of the basic works in the exploitation of oil
and gas energies is drilling and one of the most
significant elements of drilling systems is mud
pump. Vital role of mud pumps in pumping mud
into the drill bits has made it necessary to
understand its system and different parts.

The aim of present study is to introduce
reciprocating pumps which are used as mud
pump in the drilling systems.

A-INTROUCTION

Pumps may be classified on the basis of the
application they serve, the materials from which
they are constructed, the liquids they handle, and
even their orientation in space. All such
classifications, however, are limited in scope
and tend to substantially overlap each other.

A more basic system of classification which
defines the principle, by which energy is added
to the fluid, goes on to identify the means by
which this principle is implemented. Under this
system, all pumps may be divided into two
major categories of displacement pumps or
positive displacement pumps and dynamic

2:MUD PUMPS

In the drilling systems mud is used for cutting
transport and cooling the drill bits and is injected
into the drill bits by a pump which is called mud
pump. Mud pumps sucks mud from the mud pits
and pumps it to the drilling apparatus. Mud
return line returns mud from the hole to the mud
pits. Mud circulation system has been shown in
figure 2.

Pumps

—» (Displacement or Positive Displacement Pump)

» (Dynamic or Non-Positive Displacement Pump)

l Fig.1 Classification of pumps




Most of the mud pumps are reciprocating pump
which is a positive displacement pump.
Reciprocating pump traps a fixed volume of the
liquid at near suction conditions, compresses it

to discharge pressure, and pushes it out the
discharge nozzle.

In areciprocating pump, this is accomplished by
the reciprocating motion of a piston, plunger or
diaphragm.

Areciprocating pump is not a kinetic machine as
is a centrifugal pump, and does not require
velocity to achieve pressure. High pressures can
be obtained at low velocities.

Fig. 2: Drill-mud circulation system




Following figures depicts flow and pressure
curves of reciprocating pumps.

Preseure
A Internal flow loss

~

\
\
\
Actuall flow curve \ )
\ Theoric flow curve
\

-—

» flow

T

Fig. 3: Pressure-Flow curve i
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Fig. 4: Flow-Speed curve

_3-REASONS FOR USING
RECIPROCATING PUMPS &
| THEIR APPLICATIONS

The justification for selecting a reciprocating
pump instead of a centrifugal or rotary must be
cost not just the initial cost but total cost,
including costs for power and maintenance.
Some applications are inherently best suited for
reciprocating units. Such services include:

1| High-Pressure Water Cleaning
(20gpm at 10,000psig)

2] Glycol Injection (5gpm at 1,000 psig)
3] Ammonia Charging (40gpm at 4,000 psig)

Another application that practically mandates a
reciprocating unit is abrasive and/or viscous
slurries above about 500 psig. The best feature
of the power pump is its high efficiency.
Overall efficiencies normally range from 85 to
94 %.The loss of approximately 10 %includes
all those due to belts, gears, bearings, packing
and valves.

Another characteristic of the reciprocating
pump is that capacity is a function of speed, and
is relatively independent of discharge pressure.
Therefore, a constant-speed power pump that
moves 100 gpm at 500 psig will handle very
nearly 100 gpm at 3,000 psig.

The direct-acting pump has some of the same
advantages as the Power pump, plus others.
These units are well suited for high-pressure low
flow applications. Discharge pressures
normally range from 300 to 5,000 psig, but may
exceed 10,000 psig. Capacity is proportional to
speed from stall to maximum speed, regardless
of the discharge pressure.

Direct-acting pumps are negligibly affected by
hostile environments such as corrosive fumes,
because of the absence of a bearing housing,
crankcase, or oil reservoir (except for units
requiring a lubricator). Direct-acting pumps are
quiet, simple to maintain, and their low speeds
and rugged construction lead to a very
long life.




Figure 5 depicts the classification of reciprocating pumps.

—— Power

Reciprocating pumps ——

— Horizontal

r— Horizontal ——

L Direct-acting —

— Vertical ——

Vertical ——

Single-acting

Double-acting

Double-acting

Piston

Plunger

— Diaphragm —-

Piston

Plunger ——

— Diaphragm —

Simplex

Duplex

Multiplex

Simplex

Duplex

Fig. 5: Classification of reciprocating pumps

As shown in figure 5 the reciprocating pumps
are divided into two main classes which are
reciprocating power pumps and reciprocating

Fig. 6: Reciprocating power pump

Fig.7: Reciprocating
Direct-acting pump

direct-acting pumps. Cross sectional view and
components of these pumps are shown in the
following figures.




In the reciprocating power pumps the rotating
motion of the crankshaft is converted to a
reciprocating motion through connecting rods
and crossheads while a motive fluid by means of
a differential pressure derives the direct-acting
pumps. Reciprocating pumps are classified by
the orientation of axial centerline of pumping

4-1- Classification by the orientation
of axial centerline of pumping element

 Fig. 8: Horizontal single-acting
plunger power pump

element ( Horizontal , Vertical ) , number of
discharge strokes per cycle of each drive rod
(Single-acting, Double-acting), Configuration
of the pumping eclement (Piston, Plunger,
Diaphragm) and the number of drive rods
(Stmplex, Duplex, Multiplex).

These classifications are shown in the following
figures.

Fig. 9: Vertical single-acting |
plunger power pump |

4-2- Classification by the number of discharge strokes per cycle of each drive rod

Fig. 10: Horizontal single-acting plunger power pump




Eig. 11: Horizontal double-acting piston power pump [

4-3- Classification by the configuration of the pumping element

Elg-12:
Reciprocating
piston pump




Fig. 13: Reciprocating plunger pump
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Fig. 14: Reciprocating diaphragm pump




4-4- Classification by the number
of drive rods

The simplex, duplex and multiplex are the other
classification of the reciprocating power pumps
based on the number of driverods. Simplex,

duplex and multiplex reciprocating power
pumps have one, two and three drive rods
respectively. Figure 15 shows a triplex
reciprocating power pump.

{ Fig. 15: Reciprocating triplex power pump

l5--THE SIZE OF RECIPROCATING PUMPS

The size of a power pump is normally
designated by listing first the diameter of the
plunger (or the piston), and second the length of
the stroke. In the U.S., the units are inches. For
example, a pump designated as2x3 has a plunger
Diameter of 2 in. and a stroke length of 3 in. For
a direct-acting pump, the same convention is

followed, except that the diameter of the drive
piston precedes the liquid-end-element
diameter.

For example, a pump designated 6 x 4 x 6 has a
drive-piston diameter of 6 in., a liquid-piston
diameter of 4 in. and a stroke length of 6 in.



6-THE DESCRIPTION OF COMPONENTS
l FOR RECIPROCATING POWER PUMPS

The reciprocating power pumps have two major
parts which are drive end and liquid end.
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306

314 Bushing, throat

315 Packing 301
321 Deflector

322 Ring, Lantern

323 Cover, Valve 302
331 Flange, discharge

Companion
332 Flange, suction

Companion 307

301 Cylinder, Liquid

302 Head, Liquid Cylinder

303 Plunger

304 Valve assembly, discharge
307 Valve assembly, suction
309 Manifold, suction

310 Box, Liquid stuffing

311 Gland, Liquid stuffing box
312 Ring, follower

323 314

315

322
303

Fig. 16: Liquid end




101 Frame, power

102 Crankshaft

103 Rod, connecting

104 Crosshead, power

105 Pin, wrist

106 Bearing, crankpin

107 Bearing, main crankshaft
109 Bearing, wrist Pin

110 Extension, crosshead
112 Cover, crankcase

114 Box, wiper

115 Breather

119 Housing, crankshaft bearing

115

106

104 109 105 119 107

110 114 104
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‘ Fig. 15: Power end ‘

6-1- Liquid end parts

The liquid end is that portion of the pump that
does the pumping and consists of suction and
discharge parts. In these parts the valves are
simply check valves that are opened by the
liquid differential pressure. Most valves are

spring loaded. This part also contains stuffing
box, manifold, cover and pumping element like
piston, plunger or diaphragm. The following
paragraphs describe liquid end components.



6-1-1- Liquid cylinder

Liquid cylinder is a chamber(s) in which the
motion of the plunger(s) or piston(s) is (are)
imparted to the liquid. The cylinder can be made
integral with suction and discharge manifold or
can be made with separate manifolds.

6-1-2- Cylinder liner

Cylinder liner is a replaceable liner which is
placed in the cylinder of a piston pump. The
piston reciprocates within the liner.

6-1-3- Manifolds

Suction manifold is a chamber which accepts
liquid from the suction port(s) and distributes it
to the suction valves and discharge manifold is a
chamber which accepts liquid from the
individual discharge valves and directs it to the
discharge port(s).

6-1-4- Valve chest cover
A valve chest cover is a cover for the valves
within the cylinder.

6-1-5- Valve plate (Valve deck)
A valve plate is a plate that contains the suction
or discharge valves.

6-1-6- Piston

Apistonis a cylindrical body which is attachable
to arod and is capable of exerting pressure upon
a liquid within the liquid cylinder. A piston
usually has grooves for containing rings which
seal against the cylinder or cylinder liner.

6-1-7- Plunger

A plunger is a smooth rod which is attachable to
a crosshead and is capable of exerting pressure
upon a liquid within the liquid cylinder. Sealing
rings for a plunger are stationary, the plunger
sliding within the rings.

6-1-8- Stuffing box

Stuffing box is used to minimize the leakage of
the pump and includes standard lubricated and
non-lubricated types which are shown in figure

18. A follower ring and throat bushing are used
to guide the plunger orrod as it reciprocates. The
throat bushing and follower ring contain the
packing within the stuffing box.

The most significant advance in packing
arrangement in recent years is the spring-
loading of packing. Spring loading is applied
almost exclusively to V-ring (Chevron) packing.
The force required by the spring is small
compared with the force imposed on the packing
by the liquid.

Spring loading of packing has many advantages:

Requires no adjustment of the gland - This
removes one of the biggest variables in packing
life which is operator skill.

Allows expansion - If the packing expands
due to frictional heat during the initial break-in,
the spring allows for the expansion.

Eliminates the need for gland if pump design
Allows

Disadvantages of spring-loaded packing are
associated with the cavity created by the spring.
Since this cavity communicate directly with the
pumping chamber, the additional clearance
volume can cause a reduction in volumetric
efficiency if the pumpage is sufficiently
compressible.

6-1-9- Packing
A packing is a material used to provide a seal
around the plunger, piston rod or piston.

6-1-10- Gland
A gland is a part which retains the packing in the
stuffing box.

6-1-11- Lantern ring _
A ring located in the stuffing box to provide
space for the introduction of a lubricant or
barrier liquid.

6-1-12-Valve assembly

Valve assembly usually consists of a seat, valve,
spring and spring retainer. It allows liquid to
enter and leave each pumping chamber of the
cylinder. Each pumping chamber has one or
more suction and discharge valve(s).

.
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6-2- Power end parts

Power end is the portion of the pump in which
the rotating motion of the crankshaft is
converted to a reciprocation motion through
connecting rods and crossheads.

6-2-1- Power frame

Power frame is the portion of the power end
which contains the crankshaft, connecting rods,
crosshead and bearings used to transmit power
and motion to the liquid end. It may consist of
one or two pieces (if two, there is one upper and
one lower half).

6-2-2- Crank shaft

Crank shaft is the stepped shaft which transmits
power and motion to the connecting rods. Main
bearings and connecting rods are fitted on this
member.

6-2-3- Main bearing

Main bearing is the bearing which supports the
crankshaft. Main crankshaft bearings may be
sleeve or rolling contact type, mounted at each
end of the shaft or located elsewhere to provide
proper support. These bearings absorb the liquid
and inertia loads that are developed by the
plunger as it displaces the liquid.

6-2-4- Connecting rod

Connecting rod articulates the motion of the
crankshaft to the crosshead. Power is
transmitted through compression and/or
tension.

6-2-5- Crankpin bearing

Crankpin bearing transmits the oscillating
reciprocating load transmitted by the connecting
rod to the crankshaft.

6-2-6- Wrist pin
Wrist pin connects the connecting rod to the
crosshead.

6-2-7- Crosshead extension (plunger
extension)

Crosshead extension connects the crosshead to
the plunger

6-2-8- Frame extension

Frame extension connects the liquid end to the
power frame when the liquid end is not bolted
directly to the frame. A horizontal extension is
sometimes called a cradle.

NITIONS

Terms used in reciprocating pump application
are as follows

7-1- Stroke (L)

Once complete unidirectional motion of piston
or plunger. Stroke length is expressed in inches
(millimeters).

7-2- Pump Capacity (Q)

The quantity of liquid actually delivered per unit
of time at suction conditions. It assumes no
entrained gases at the stated operating
conditions.

7-3- Speed (n)

The number of revolutions of the crankshaft in
a given unit of time. Speed is expressed as
revolutions per minute.

7-4- Pump displacement (D)

The displacement of a reciprocating pump is the
volume swept by all pistons or plungers per unit
of time. Deduction for piston rod volume is
made on double-acting piston type pumps when
calculating displacement. For single-acting
pumps formulation is as follows:
ALnM
231

(Metric units) p = _M

16.7x10°
for double-acting pumps with no tail rod(s)
formulation Is as follows:

(US units) ) _ (24—a)LnM
231
(2A-a)LnM
16.7x10°

(US units) D =

(Metric units) ) =




where:

A=Plunger or piston area;
a=Pistonrod cross-sectional area;
L= Stroke length;

n=rpm of crankshaft;

M =number of pistons or plungers.

7-5- Pump displacement (D)

Slip of a reciprocating pump is the loss of
capacity, expressed as a function or percent of
displacement, due to leaks past the valves
(including the backflow through the valves
caused by delayed closing) and past double-
acting pistons. Slip does not include fluid
compressibility or leaks from the liquid end.

7-6- Plunger or piston speed (v)
The plunger or piston speed is the averages

speed of the plunger or piston. It is expressed in
feet per minute or meters per minute:

(US units) V' = = ft per second
360

(Metric units) / = nL

meters per second

7-7- Total discharge pressure (P,)

The total discharge pressure is the algebraic sum
of the discharge gauge pressure, velocity
pressure and elevation pressure measured on the
discharge side of the pump:

A,
(US units) P, = P, + L2 si
L 2.31 -
|:V:2 =7 13
(Metric units) p — P, +=L g | kPa
ey 0.102

7-8- Total suction pressure (P,):

The total suction pressure is the algebraic sum of
the suction gauge pressure, velocity pressure
and elevation pressure measured on the suction
side of the pump:

|:b22 . -x Z.\- }S
(US units) P = p_+ L2 = = psi
= 0 2.31
g o)
(Metric units) p = p 4L~/ & ] kPa
4 s 0.102

7-9- Total differential pressure (P,)

The measure of the pressure increase imparted
to the liquid by the pump, is therefore the
difference between the total discharge pressure
and the total suction pressure:

By =B -

7-10- Elevation pressure (P,)

The potential energy of the liquid due to
elevation of the gauge or liquid level above or
below the datum, expressed as equivalent
pressure.

7-11- Elevation head (2)

The vertical distance from the centerline of a
pressure gauge or liquid level to the datum



7-12- Velocity pressure (R)

Velocity pressure is the hydraulic pressure
needed to move fluid from rest to the average
velocity.

7-13- Friction loss pressure (R)

The loss of pressure energy in a liquid due to
friction as it flows through pipe and fittings.

7-14- Pump input power (B;)

The mechanical power delivered to a pump
input shaft, at the specified operating
conditions.

7-15- Pump output power (R,)

The power imparted to the liquid by the pump. It
is also called water horsepower or liquid
horsepower:

Q x P,
1714
QXPH
3600

(US Units) P, =
( Metric Units) P, =

7-16- Pump efficiency (1,) (also called

pump mechanical efficiency)

The ratio of the pump power output to the pump
power input expressed as a percent:

By

Np ZFXIOO

7-17- Volumetric efficiency ()

The ratio of the pump capacity to displacement
expressed as a percent:

n, =§x100

7-18- Net positive suction head
available (NPSHA)

Net positive suction head available is the total
suction pressure available from the system at the
pump suction condition, minus the vapor
pressure of the liquid at pumping temperature,
acceleration head loss, friction losses, and
pressure pulsations due to acoustical
resonances. NPSHA for a reciprocating pump is
normally expressed in pounds per square inch
(Newton per square millimeter).

7-19- Net positive suction head
required (NPSHR)

The amount of suction pressure, over vapor
pressure, required by the pump to obtain
satisfactory volumetric efficiency. This is
usually when there is no more than 3% reduction
in capacity.

7-20- Acceleration head (h,_.)

The pressure required to accelerate the fluid
column is a function of the length of the suction
line, the average velocity in this line, the rotating
speed, the type of pump and the relative
elasticity of the fluid and the pipe and may be
calculated as follows:

lvnC B o lvnCs

(US units) han- = acc —
Kg 231Kg

Where:

Hacc =Acceleration head in feet (meters);
Pacc =Acceleration pressure in psi;
I=Length of suction line in feet (meters);
v=Velocity in suction line in fps (m/s);
n=Pump speed in rpm;

C = Coefficient as follows:



Double-Acting Single-Acting
Simplex 0.628 0.200
Duplex 0.200 0.115
Triplex 0.066 0.066
Quantuplex 0.040 0.040
Septuplex 0.028 0.028
Nonuplex 0.022 0.022
K = A factor representing the relative acoustic analysis.

compressibility of the liquid;
(K= 1.4 for hot water, K = 2.5 for hot oil);
g = Gravitational constant, 32.3 ft/sec2.

NOTE -This calculation provides a conservative
estimate of acceleration head losses in piping
lengths up to 50 feet.

A pulsation dampener properly installed near
the pump with a short, full-size connection to the
pump or suction pipe can absorb the cyclical
flow variation and reduce the low frequency (0-
35 HZ) pressure fluctuation in the suction pipe
to that corresponding to a length of 5 to 15 pipe
diameters, ifkept properly charged.

There is a similar pressure fluctuation on the
discharge side of every power pump, but it
cannot be analyzed as readily because of the
pressure influence on liquid and piping
elasticity plus the smaller diameter and much
greater length of the discharge line in most
applications. However, a pulsation dampener
can be just as effective in absorbing the flow
variation on the discharge side of the pump as on
the suction side, and should be used if low-
frequency pressure fluctuation or piping
vibration is a problem.

Pressure fluctuations due to higher frequency
acoustic resonances may be reduced by the
addition of all-liquid filters or orifice plates.
Correct sizing and location of such devices can
only be accomplished as part of a pump/system

EXAMPLE: Given a 2" x 5" triplex pump
running at 360 rpm with a capacity of 73 gpm of
water with a suction pipe made up of 4 feet of 4
inch pipe and 20 feet of 6 inch pipe:

Average velocity in 4 inch pipe:

ol 0.321x73 ~1 %4
275
Average velocity in 6 inch pipe:
v6 =—(’l';--;-‘—?--l)(—73 =0.811 fps
28.89

Acceleration head in 4 inch pipe:

e 4x1.84%x360x0.066
acey 1-4 % 322

=383 It

Acceleration head in 6 inch pipe:

~20%0.811x360x0.066

: =8.55 fi
‘ 1 4x322

h

Total acceleration head:

h,. =3.88+8.55=12.43ft

ace

E h.t 1243x10 :
G 93 - 5.38 Psi




