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ABSTRACT

In many incidents of pump development, the inlet edge of vane cannot always
start radially [rom the eye diameter as in the case of cylindrical vane development.
When the specitic speed ot the pump ‘ng” is increased, the diameter ratio Do/D,
reduces. When (D2/D,) <1.5, the radial inlet ot cylindrical vanes cannot provide enough
arca to develop the required head. In other words the blade loading 1s higher, over and
above the permitted blade loading calculated for the cylindrical vane development.

The blade angle has to be incrcased to bring down the blade loading to the
normal level. This can be obtained only by extending the inlet edge from pure radial
entry to diagonal entry. The outlet edge is located at higher diameter, which is the eye
diameter, whereas the inner diameter will be on the hub. The nlet edges, from hub to
periphery, lie at different radii. Since meridional velocity C,, is constant at all radii and
since the vane velocity are different, blade angle decreases from hub to periphery. The
blade becomes 3 dimensional at inlet. When the specific speed ‘ny’ increases further 1.e,
n250 to 450, the outlet edge of the impeller also changes from radial form to diagonal
form. In other words vane becomes a purely 3 dimensional. Hence the vane will be in
twisted form, that i1s, double curvature.

The design of a double curvature blade for the specifications 7.5m head, 16 lps
capacity, 2850rpm and 2.4hp input power, is completed successfully and the efticiency

1s found to be higher than the normal blade.

KEYWORDS: Vanes, blade loading, impeller, 3 dimensional, double curvature
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CHAPTER1
INTRODUCTION
1.1 PUMPS:

One ol the [irst pieces of powcered machinery to be invented at the dawn of the
industrial age was a crude form of pump. The pump has since evolved into an endless
variety of types, sizes, and applications. This module will give an overview of the
gencral types of pumps that are in common vse in buildings and industrial plants.

Operators should become (amiliar with the diversity of pumps that are in
existence as they may be required to safely operate pumps in the normal course of their
daily routines. A functional understanding of pumps, their use, and application, is

essential to understanding how most processes are handled in plants today.

1.2 DEFINITION:

A pump is a mechanism that is used to transter a liquid from one place to another

by imparting energy to the liquid being transferred.

1.3 APPLICATIONS:

Pumps are used in numerous locations for many purposes. A car may contain
several different types of pumps: one pumping fuel, one pumping lubricating oil, one
pumping engine coolant, possibly another pumping high pressure hydraulic fluid for
power steering, and a hydraulic pump attached to a foot-pedal, which activates the
brakes.

Pumps are employed to move materials ranging from molten metals at very high
temperatures, to cryogenic materials at extremely low temperatures. They are used to
cenerate pressures so small as to be barely perceptible or pressures so high that the
liquid being pumped is capable of cutting through material as though it were a saw.

Also, they are designed to supply quantities from as small as one drop per day to four

2



billion litres per day. They have power requirements from a few watts to nearly 75
megawatts.
Some of the more common types of pumps required m industrial plants are:

1. Botter feed water pump - supplies the boiler with feed water as required. It must be
capable of forcing this water into the boiler against the pressure existing in the boiler.

2. Fuel o1l pump - used in oil-fired boilers to pump fuel oil to the burners.

3. Lubricating o1l pump - used to circulate oil to the bearings of a machine such as a
turbine, engine, pump, or COMpressor.

4. Circulating water pump - also called a cooling water pump. It is used to pump water
through a heat exchanger such as a condenser or o1 cooler.

5. Chemical feed pump - small capacity units are used to pump chemicals into boilers;:
larger units are used as process pumps.

6. Fire pump - used to supply water to plant fire lines.

7. Domestic water pump - used to supply water to plant washrooms, etc.

[.4 CENTRIFUGAL PUMPS:

A centrifugal pump may be defined as a pump which uses centrifugal force to
develop velocity in the liquid being handled. The velocity is then converted to pressure
when the liquid velocity decreases. As kinetic energy is decreased, pressure is increased.
Centrifugal pumps can be subdivided into the following types: volute, diffuser, axial
flow, mixed flow, and regenerative. Although the regenerative pump is not truly a
centrifugal pump, it will be considered in this classification.

The general construction of the volute centrifugal pump is shown in Fig 1.1. The
liquid being pumped is drawn into the centre or eye of the impeller and is discharged
from the impeller periphery into the volute casing. The volute casing has an increasing
cross-sectional area as it approaches the pump discharge. In this area, the velocity of the

liquid discharged from the impeller is lowered and converted to pressure.



To make the conversion from velocity to pressure more cffective, stationary
ditfuser vanes can be installed around the rim of the impeller. This construction gives

rise to the term diftuser centrifugal pump as shown in Fig. 1.2,

_ Discharge

/ Liguid discharge

-~ Stasanary dffuser ring

= [iffuser vanes
,

Passago baetwien
impeller vanes

Walute casing

Figl.1 Volute Centrifugal Pump Figl.2 Diffuser Centrifugal Pump

The combination of centrifugal torce and pressure created by velocity decrease
accounts for the total pressure developed by the volute or diffuser pumps.

A very popular pump used to provide forced circulation in hot water heating and
chilled water cooling systems of small and medium capacity is illustrated in Fig.1.3. It is
known in the trade as a circulator. The pump is driven by an electric motor attached by
means of a tlexible coupling to the pump frame. The pump is directly installed in the
piping and, therefore, is also known as an in-line pump. A circulator must be capable of

operating quietly and reliably for long periods of time without shut down.
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Figl. 3 Centrifugal Circulator



1.5 CENTRIFUGAL PUMP CHARACTERISTICS:

Reciprocating and rotary pumps are classified as positive displacement pumps,
which mean that at a constant speed they move a specific amount ot liquid regardless of
pump head. The capacity of a centrifugal pump, however, changes with a change in
head. thus this pump is not a positive displacement pump.

When the head is increased, the capacity of the centrifugal pump decreases and
when the head is lowered, the capacity increases. When the head 1s increased so much
that it exceeds the design head for the pump, the output drops to zero.

it is, therefore, vitally important that the designer of a pumping system carefully
calculates the total head of the system in order to be able to select a centrifugal pump
that can deliver the required amount of liquid against this head.

The flow of a centrifugal pump can be regulated by adjusting the discharge valve.
Throttling the discharge valve increases the flow resistance, thus enlarges the friction
head, and the flow will be reduced. The discharge pressure gage on the pump will show
an increase in pressure, however this increase is moderate and there will be no danger to
the pump as with positive displacement pumps. Even with the discharge valve
completely closed the pressure build-up will be wetl within safe limits.

When the flow is throttled down, the power requirement of the pump is also
reduced, notwithstanding the resulting pressure increase. We take advantage of this fact
by starting large centrifugal pumps with a closed discharge valve. Since the no-flow
power requirement is relatively small, excessive power surging during start-up of the
pump can be avoided. This is very important in buildings with a [arge electric light load,
such as large office buildings, where severe dimming of lights due to a power surge can
be disturbing.

Centrifugal pumps with double curvature type of impeller gives higher efficiency

than normal blades.
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CHAPTER 2
PROBLEM IDENTIFICATION
PROBLEM:

[n pump development, the inlet edge of vane cannot always start radially from
the eye diameter as in the casc of radial vanes. When the specific speed of the pump
‘n.’ 1s increased, the diameter ratio reduces. As a result, the radial inlet of cylindrical
vanes cannot provide enough area to develop the required head. In that case the vane
cxtends like an axial vane and becomes a mixed flow type vanc. Even then the blade
loading is higher, over and above the permitted blade loading calculated tor the normal
blade.

PROPOSED SOLUTION FOR THE PROBLEM:

To overcome this problem the blade angle has to be increased to bring down the
blade loading to the normal level. This can be obtained only by extending the inlet edge
from pure radial entry to diagonal entry. The outlet edge is located at higher diameter,
which is the eye diameter, whereas the inner diameter will be on the hub. Since
meridional velocity C,, is constant at all radii and since the vane velocity are different,
blade angle decreases from hub to periphery. The blade becomes 3 dimensional at inlet.
When the specific speed ‘ng’ increases further i.e., n>250 to 450, the outlet edge of the
impeller also changes from radial form to diagonal form. In other words vane becomes
a purely 3 dimensional or twisted form. Thus it becomes a double curvature blade

which can overcome the difficulties of the blade loading.
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CHAPTER 3
LITERATURE SURVEY (VANE DEVELOPMENT)
3.1 VANE DEVELOPMENT IN THREE DIMENSIONAL
COORDINATES:

In many incidents of pump development, the inlet edge of vance cannot always
start radially from the cye diameter as in the case of cylindrical vane development.
When the specilic speed of the pump ‘n. is increased, the diameter rauo Du/D
reduces. When (D-/Dy) <1.5, the radial inlet of cylindrical vanes cannot provide enough
area to develop the required head. In other words the blade loading is higher, over and
above the permiited blade calculated for the cylindrical vane development. The blade
angle has to be increased to bring down the blade loading to the normal level. This can
be obtained only by extending the inlet edge from pure radial entry diagonal entry. Due
to extension of inlet edge from radial to diagonal, the inlet edge now lies at different

radii. The outlet edge is located at higher diameter, which is the eye diameter, whereas

Fig 3.1 Position of inlet edge



a)Single curvature blade  b)Double curvature blade

the inner diameter will be on the hub. Other inlet edges are hub diameter and eye
diameter. The inlet edges from hub to periphery lic at different radii, since meridional
velocity C,, 1s constant at all radn and since the vane velocity are different, blade angle

decreases from hub to periphery. The blade becomes 3 dimensional at inlet.

However, when the specific speed “n.” mncreases further i.e., n>250 to 450, the
outlet edge of the nmpeller also changes from radial form to diagonal form. In other
words vanc becomes a purely 3 dimensional. The outer radius of outlet edge of the
outlet larger than the inner radius of the outer edge. When such changes occur i.e., from
pure radial to nclined vane pattern. The velocity and pressure distribution change from
inner stream line to outer stream line to outer stream line of the blade for same head
across the same potential points on all stream lines. So also when blade changes from
pure axial. In axial tlow pumps too, the velocity distribution from hub to periphery

changes along the potential line.

Axisymmetric flow is assumed for such diagonal flow as well as for axial flow
conditions. Ditferent flow conditions prevail between streamlines at the periphery. The
blade becomes 3 dimensional instead of two dimensional. The blade angle at inlet and
at outlet changes to hub to periphery, between the streamlines, drawn in between hub

and periphery.
3.2 CONSTRUCTION OF DIFFERENT STREAMLINES:

Construction of different streamlines, called as flow lines are essential because each
streamline, due to its location from hub to periphery will have a different vane angle at
inlet and at outlet with respect to the neighbouring streamlines. Each streamlines forms
one cylindrical circular surface. In order to get the correct change over all parameters
from hub to periphery, it is necessary to have additional streamlines between hub and

periphery. Similar to the cylindrical surface of revolution, here also additional surfaces
10



of revolution are formed. The number of such surfaces of revolution depend upto ‘n’
the number of intermediate streamlines, created for the design of vane or blade passage.
Fach streamlbine or cach surlace of revolution is considered as streamline of one radial
pump. Cach streamline is designed as single curvature radial pump. It is assumed that
an cqual amount (portion) of fluid passes between from cach surface of revolution from
inlet to outlet. Accuracy ol calculation will be higher if more number of streamlines is
selected between periphery and hub. Determination of flow passages i.e., stream
surtaces of revolution are determined without vane in the passage. The vane will be
added afterwards on the streamline and will deviate or deform in the same way as that
of stream surface. However the accuracy of the vane angle determination on the stream
surlace for each streamline separately will be higher it the blade or passage is near
radial and will be inaccurate more and more when the passage deviates from radial to

axial pattern.

3.3 PURE AXIAL TYPE (PROPELLER TYPE):

Surfice of revolution

Fig 3.2 Flow in propeller pump

Kaplan type or propeller type blades are axial. Streamlines are cylindrical surfaces.
A view of axial blades illustrated in fig is the two elementary streamlines. These two

lines are forming as concentric arc of circles in the front view. When impeller rotates at

an angular velocity 'w' the pressure at the leading edge is higher at lower at the trailing

edge. Correspondingly as per Bernoulli's equation the velocity at the leading edge is

11



lower than that at the trailing edge. Owing to that, stream cylindrical surfaces ‘a” and
b’ rotate in anu-clockwise direction. From iniet to outlet the deviation continuous. The
rotation 1s maximum when the pump is axial and zere in the radial of impellers. In
radial blades, stream line shilts to a higher radius and stays there itself. So the
hypothesis of keeping stream surfaces as surfaces of revolution is maximum in axial
flow and zero in radial tlow. In spite of this hypothesis it is followed in all pumps. The
stream surfaces are important and studied in meridional scction. The inner and outer
shrouds are used as steam surfaces. Additional stream surfaces about 1 to 3 members as
required tor the design the intermediate streamlines are formed. Based on the equal
velocity 'C,, construction. The [Tow rate 1s divided equally in all passages. The equal
area construction is formed by the law.

Al —d?)_ ldy-d,)
4 ,

Where d,and d, are the two adjacent streamlines
d, is the diameter of the inner stream surface
d, is the adjacent streamline diameter
dj, 1s the hub diameter
d,, 15 the diameter of the outer shroud surface
n is the number of flow passages
or
(dzz_ dlz) = n(dn2_ dhz)
These lines form different stream lines in mertdional view.

The equal area construction is adopted at inlet to the impeller eye (0-0) and at the

outlet end (2-2). It should be remembered that distance between the different
12



streamlines gradually reduce tfrom 0-0 1.¢., hub to 2-2 periphery.

In the turning area the pressure at the hub diameter will be more due to
centritugal  lorce and pressure at the peripheral stream  line will be less.
Correspondingly velocity at the hub streamline will be less and at the outer periphery it
will be more. While constructing the intermediate streamlines in between the inlet and
outlet especially at the bend an assumption is made as 'C,,' is constant along the normal.
This assumption coincides with the practical tflow conditions. In practise the pump
impellers are designed under equal velocity distribution operates at high efficiency.
Normally streamlines are drawn under equal area construction. Referring to fig 3.3 the
area is 2ar, Ao where Ao is the distance between the two adjacent streamlines and 1y 1s
the radius of the centre of the circle drawn to these two adjacent streamlines. The
diameter of the circle will be A¢. Normals are drawn by 1™ approximation such that
normals and streamlines intersect exactly perpendicular to each other since the
perpendicularity between the normal and the streamiines is not possible in 1
approximation, correction are made by calculation at all places where the flow turns

from radial to axial i.e., at the bend..

kit e " ;,.n.,w-vll B ———

Fig.3.3 Streamline constructing a, b, ¢, d, ¢ and normal Ac for a double curvature

13



blade system in meridional plane.

[t was experimentally verilied and lound that there 1s no change in impeliers made
with corrections and another without correction. Ultimately it is concluded that highly

accurate corrcetions are not necessary.
3.4 CORRECTION OF ENTRY AND EXIT ANGLES:

Flaving determined the streamlines, the profiling can be developed, for which the
location of the inlet and outlet edges are to be determined. However locations of the
inlet and outlet edges are 1o be determined. However locations of the inlet and outlet

cdges are to be determined later alter the profile formation.

Having known the values of u;, C.; and C; ( between streamline normally(=0) D,
the diameter ot streamlines, and the speed of the pump 'N'. the inlet velocity triangle 1s
constructed for each streamline and the values C,,, ,B,, and w, are determined. Inlet
cdge a-c, (Figure 5.4) i1s drawn such that 1t 1s perpendicular to each streamline. It is
desirable to have the point a;, a little away from the axis. The length of the streamline
should be sufficient enough to take the blade loadings and each streamline develops
same total head. Angle B is provided graphically to find the shockless entry and then

the coefficient of the vane thickness is calculated.

w =1

~ 2Dsin B

14



Fig3.4 The pattern of entrance and exit edges in a double curvature blade system.
Procedure to determine 3y i1s as follows.

: %
e Determine [3; = arc tan 7('
TR O

o (lalculate ', and B, with correction for vane thickness. An angle of attack AP is

now given
e FindB,= ;AP

Calculations are carried out for each streamline separately. The inlet edge is
fimalised alter a few position of inlet blade angle. The location of inlet edge depends
upon the property laid out at plan. For pumps of small n; (n, <120} it is better to have
small angle of attack at each streamline at the inlet edge. For pumps of higher specific

<200) where the number of blades are smaller, the condition of suction and

speed (n,
hydraulic losses in the vane passage purely depend upon the unequalness of w; on the
inlet edge. That is why it is recommended to have at inlet edge (tan § / tan ;') is

constant and w;=0.9to 1.15 w,.

Calculations are carried out for each streamline for constant total head. Corrections

for the outlet vane angle is done by the formulae,

2 ) .
Hy,= i (l —k)or’ — ¢ (C,, r )m.
g 27h,y 5 tan S,

Usually taken values are,
k=0 (for more number of vanes)
B, = B> (blade angle at outlet edge)

2_ 2
Iy = T2 ¥n

15



Where, v, = 1 - ”f_?j‘; B,

The area reductions coefticient due to vane thickness at outlet will be

Wy=1 L usually (0.95 to 0.9)
IV NISHIZA

3.5 VANE CONSTRUCTION FOR 111 DIMENSIONAL FLOW:
From the outlet blade angle B, (B goes in in¢clined direction (plane y, and ‘V,)

s
};n = } - . /
4

i), sin /i,

\pz :1 o ()‘]Z

And to find the value of rf,

These calculations are repeated a few times, especially for this dimensional inlet
and for the outlet edges of the impeller vane. Calculations are done for the each
streamline separately when the inlet and the outlet edges of the vane are inclined. After
determining B, r all parameters are known to determine the meridional sections of the

impeller. The profile form are now determined with the vane angles 8; and [3,.

The profile formation for the double curvature blade system js done by
conformal mapping method. The vane surface developed in conformal mapping is
transformed into a plane which could be spread out. While transforming, the blade
angles are kept without any change between any surface and the vaned surface.
Conformal mapping gives also similarity of the figures in both the surfaces. Coefficient
of similarity remains constant at all the time, in order to have the facility of spreading
out, the conical cylindrical surface is developed from the surface, where the vane is

located.



‘the process of conversion is as follows.

[) The selection of the diameter of the cylinder for conformal mapping and the
construction of the vane on the cylindrical surtace that could be spread out are

done with corresponding network.
2} Construction of co-ordinates on tlow surface of the vane ot the impeller.

3) Transler ot vane profile on the spread out cylinder let us must the original
system of co-ordinate for both surfaces. For this lines on the meridional section
at every nterval of 10 are known (A4 = 10), which when crosses the conical and

cylindrical gives a system of meridional plane LI etc.,

Fig 3.5 Scheme of conformal transformation of vane system (a) streamline and

conformal transformation cylinder (b) spread out view.

While developing the second system in parallel it is essential to provide the law

of conformal mapping, taking into effect Ag= A4,

Now an equal spaced line parallel on cylinder 1, 2, 3 etc., with a distance of AL
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and on the cone with the distance of AL, (variable pitch) ( fig 3.5).

Conformness is affected, if the similarity of the elementary lines perpendicular to

cach other set in parallel and the meridian of conical and cylindrical as per (11g 3.5)

AL A

 AS=RA4,
AS Ay

As=r1, A4k

A ';‘J) k= L\';9 u

_\.;: AL
r. R
AL
otk
R

Since r,, changes when moving along the meridional plane (fig 3.5) the value
AL also changes. This concludes that in equal distributed net parallel on cylindrical
surface corresponds to unequal net parallel on the flow surface (conical). The above
gquations in the differential form will be,
da_r
dL R
On integration we get the relation | = f{L) for which Al =f{r) must be known for

the formation of flow surface (conical).

By approximation, for the change in the conical surface, the differential equation

will be,

&
- AL sm
5

A o -
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Where r, 18 the radius from which the calculation starts o is the cone angle which
changes the cone ol curved shape. That’s why the above equation holds only good for
onc angle a and AL. For another section o and AL are different. In practise, the net is

meridional and in parallel and are drawn very close, to get accurate results.
3.6 METHODS TO GET SECTIONS AS PER CONFORMAL
MAPPING :
I} The radius of the transformation cylinder R is selected suitably so that the
distance AS is in whole number in the meridional cylinder (fig 3.5a).

when Age — 107
T WL
AS = ER K== =543A8

2) The distance between the parallel {ines in the cylinder AL docs not depend upon

AS, hence can be selected suitably.

3) It is recommended and not advisable that the starting point of the blade

construction should not be at the inlet edge.

4) While making AL; on the streamline (fig 3.5a), the following rule must be

tollowed.

Al= 2L
R o

However at the beginning it is better to give r, and find AL. After wards rav is

checked and corresponding AL is calculated correctly by the formulae.

5) To mark the length AL; on streamline a, b, ¢ (fig 3.5b), which can be shows as
stteamline on conformal spreading of cylinder, the inlet edge is marked

approximately.
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6) The conformal mapping lines on transter (average lines of vanes with inlet and
outlet vane angle B, and B, respectively, must be smooth without any abrupt
changes. ‘The angles 3 and 35 are marked from the point *a’ only (fig 3.5b). the
line smoothness does not come the abrupt change comes only it the points a, b, ¢
of infet edge lie in the scction between the directions with angles marked from

the point A.

While transforming the streamline by conformal transformation on cylinder the
profiling must be done in such a way that the inlet edge lics along one meridional plane
(27, b7, ¢’) the location of inlet edge of streamline can be located only with one and the
same valuation of w = {{s) along the stream. It is necessary to get nearly same angle of
coverage of the blade in plans 0" for all streamlines i.e., a;, b;, ¢;, ete., the location of
inlet edge in one single meridional plane, simplifies the production process and also get

control. In some cases it provides a good anti cavitating quality in impeller.

i

n&'i-u"_x.:-a..h.

Fig.3.6. Correction in exit edge of the blades on conformal transformation

diagram.
Profiling of vanes on conformal cylinder is done, on the meridional sections.

The points of intersection in meridional sections with the vane on conformal net of

the cylinders are marked and then the points of transformation are transferred as per the
20



general rule on the meridional plane of the impeller. Marking 1, I1, 11 etc., the skeleton

of the vance sections (a;, bi. ¢;) and then the profile thickness (fig 3.5b) we get the

lcading and trailing edge of the blade in meridional plane of the impeller.

While transferring the meridional part on the meridional projection of impelier. It is
essential to know that the meridional part should not lie in the plane of evaluation, but

located are and above.

As per the drawing the meridional parts can be considered to be a quality for
profiling of vane. The distance between two meridional parts along the stream must

change if not, smoothness of the profile cannot be obtained.
3.7 METHOD OF CONSTRUCTION OF VANE ON CONFORMAL.:

The difficulty lics when the impeller drawings are prepared for the pump
having n, = 300 to 350. Especially the outer streamlines ‘C’ because during the

protiling the vane becomes very short. For improving the drawback,
[) By increasing the vane angle in places
2) Straightening the outlet end (fig 3.6a)
3) By bending the edges in the meridional plane (3.6b)

After construction of meridional parts of vanes, it is essential to check the protile

thickness and its effect on flow.

‘I'he coefficient of flow reduction is ¥ = 1- <
!

2ar
2

Where 't' 1s the pitch =

The vane thickness along the circumferential direction (Fig 3.6a) of radius 'r'.
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IFor cylindrical blades o= 7
sin /.

. : : o
FFor three dimensional blades o = ---———
tan 7 sin 4

IEwhen A 1s the angle between the parts and the streams (fig 3.6). The angle
should not be & = 60. because of the difficulty in manufacturing and poor flow pattern
when flow 1s with angle, % must be checked at the walls, where the conditions are

difticult.

3.8 CALCULATION OF VELOCITIES AND MOMENTS OF
VELOCITY IN IMPELLERS:

‘The calculation of moments and velocities are done for each streamline, from
intet to outiet. This is done graphically in the form of (C,,r); B, ,w.., t/(t-a ), 1/r tanpB,,1/
W oand B, vs streamline distance from inlet to outlet. (Streamline aj,a, (1) to 1), B - B2).
From the graph (C,,r) and w, are calculated. Corrections are made if necessary so as
to get smooth change from inlet to outlet of all parameters, which provides the change
in thickness uniformly. The change in w, gives the diffuser effect of the impeller
channel. The flow pattern in blades is known from the change of (C,,r). (C,.r) from
inlet to outlet must increase for pumps, where as it should reduce for turbines. It

remains constant at non-working regions.

First C,, the meridional velocity along the channel is determined from the

elevations or meridional plane of the impeller.

The coefficient ¥ is determined from the conformal net of B,. The relative

velocity w, = C', /sin f3, is determined from the velocity triangle. For infinitesimal
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blade, the value Cu is determined as,

. . .
Coomu 24 (C ),
tan /3,
Next 1s to construct the values of w, ©, €, for cach streamline (aj,a,). Simitarly
tor other streamiines bl1-b2 ete., At inlet C,ir; = 0,Flowever (C,r; is not cqual to Oat

mlet due to the provisions of angle of attack, (C,,ry),- (C,i1ry) 1s the angle of attack.

At outlet (C.pra) =#/L, + (f| )

1w

This value lies below the value of (C,r), due to the effect of hnite number of

impeller blades.

Corrections are made in (C,r) i.e.,to increase vnitormly from inlet to outlet
referring to (tig 3.3b), curve 1 indicates abrupt change of (C,r) at inlet and at outlet as
well as area with dead moment of velocity 1.¢., no change in (C,r). Due to drastic
change in Cur at inlet flow separation and cavitation can occurred. Due to abrupt
change in at outlet flow separation will take place. The dead area is at the centre of the

length wherein there 1s no change in (C,r).

Curve 2 gives amore streamlined variation of C,r. Csr; here 1s above Cor; of the
curve drawn, due to the effect of finite number of blades. The change of curve 1 from
low level to high level 1s due to the angle of attack and finite number of vanes.
Practically large part of channel should be with a diffuser effect. The value w,. does not
change near outlet and at inlet. After corrections, graph is drawn for 1/ ¥ and f to
determine the smoothness of the blade passage. The value of C,r at inlet 1s more than
C,r, due to the eftect that the blade cannot immedtately act on the flow and conversion
1s not yet done. Due to relative vortex there will not be a change in C,r at the middle
1.e., dead zone. The relative vortex changes the eppur of the velocity but there 1s no

change 1n average moment. The increase in C,r at inlet and at outlet due to the above
23



facts changes the relative velocity w,, which can be seen from the velocity triangle as

mlet and at outlet.
39 DEVELOPMENT OF DRAWINGS OF IMPELLER BLADE :

Vane development is completed with the drawing of impeller in mendional as well
as 1n plan. At meridional section a number of equal distant lines perpendicular to axis is
drawn covering the impeller complete, i.e., trom end to end, sections | to 9 (fig 3.7).

‘the radial distance of these hines are taken by selecting a number of points at the

Fig.3.7 Model impeller - developed three dimensional blade.

meridional section and then is transferred to the plan. Then poeints on this line are
drawn in plan to get a complete line. The vane thickness is included on this line to get

the other end of the blade i.e., leading edge. The original edge is the trailing edge.
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CHAPTER 4
IMPELLER DESIGN
4.1 IMPELLER DESIGN:

Three l[undamental parameters namely (1) total head “H” (2) quantity ot flow
7 And (3) etther speed of the pump “n” or suction head “H,” are necessary for
impelier design.

The speed of rotation “n” however is related to the size of the pump, and
cavitational characteristics of the pump.

It suction head "I 1s known ,the speed can be determined from suction
specific speed (C).from the known value ot H, Q, n, specific speed n, for the pump is
calculated by which the type of pump can be determined.

When speed “n” is increased for the given value ot (3 and H. Spectfic speed n,
increases. The type of pump changes such as radial, or diagonal, or mixed or axial
flow. Also the overall size of the pump 1s reduced.

It is found that maximum hydraulic as well as overall efficiencies are attained

between n, =150 to 200 for radial type centrifugal pumps.

IC:'I- S ! | i P
M v - "o
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Fig 4.1 Graph h= f(ns, Do)
Suction head H;, is reduced, when speed is increased. Cavitational specific speed
“C” can be taken as C=800 to 1000 from which suction head H; can be determined

under first approximation using the formula.



P atimospheric pressure
Pyp == Vapour pressure
v =specitic weight of liquid

Corrcct suction head H, or specific speed “n” can be established by applying
cavitation conditions.

In pump industries, pump is selected mostly from the among the available
models Manufactured in the industry. For the available data of H, Q, pump model, so
seleeted, must be capable of mecting the hydraulic and constructional requirement of
the ticld condition. For example: impellers of multistage pump having hub extended
into the impelier eye should not be selected for a single stage end suction pump, since
the entry in multistage pump impeller is different from entry of liquid in single stage
end suction impeller. In single stage end suction pumps entry is radial, whereas in
multistage pump entry at suction need not be radial. By applying model analysis, the
available models are selected to suit the new requiremeht. If pumps are not available
[rom the existing model, new designs are made using systematic design procedure.
Total head of single stage pumps with standard speed of rotation 1440 rpm will be
H<=30m.in order to keep the impeller size and weight of the pump within limit. [f head
for the single pump is more than 30m, then the impeller size and corresponding the
total weight of the pump considerably increases. Hence, head and quality for a single
stage pump should be selected up to maximum of 30m for n=1440rpm If pumps are in
series, then head per stage will be H= Hy /i where h - head of single stage pump, Hy -
total head of the multistage pump, i is the number of stage .If the pump are in parallel
then quantity of flow per pump will be Q, = Q4/i where Q, - quantity of flow for one
pump, Q. total quality required and I - number of pumps to be kept in parallel. If a
double suction pump is used then Q=0Q1/2.In case of single stage pump, excess quantity

is required to take care of axial thrust, Leakage through wearing rings, stuffing box
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cooling, etc. actual quantity must be increased by an extra ot 3 tol0 Yo.ie., Q,= Q. =Q
when high suction characteristics are essential such as condensate or for gas-liquid
pumping speed of rotation must be sclected a little lower than normal. A double suction
pump is preferred. If a multistage pump s used lor such condition, the first stage
impeller must be specially designed. The suction head Hy is determined as per the
equation.

For the calculated specitic, approximation overall etficiency ( 1) can be obtained

by relerring the graph ,

The power of the prime mover will be Ni= e
7

T T

T -
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Fig 4.2 Energy balance for pumps of different n; (1)Mechanical loss (2)Impeller
loss (3)Discfriction loss (3)Volumetric loss (4)Hydraulic loss
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Figd4.3 Q/Q,, % Energy balance for pump (1)Mechanical loss (2)Volumetric loss
(3)Hydraulic loss (4) Useful power (5)Recirculation loss

Overall efficiency 1= 1 Nwm Mn Where the 1, n,, N, are the volumetric mechanical
and hydraulic cfficiencies. it is necessary to reduce the volumetric efficiency to 1 to 2
percentage depending upon the condition , in case excess volume is used axial thrust
balancing and stuffing box cooling. Prot. A.A.Lomakin has suggested that volumetric
and hydraulic efficiencies can be determined as per the equation given below.
Mechanical efficiency can be assumed as 1% for larger pumps and 1.5% for smaller

pumps. volumetric etficiency is given below

L 2140.68(n )"
7l

And Qy = Q. Ny where Q. is the quantity of flow for one pump. m, the
volumetric efficiency lies between85% to 95% for pumps. Hydraulic efficiency is

given by,
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r] :I - (}.42 R
" (logdd —0.172)

oy |Ir )
Doom=(4.5 10 4) 4 i meters

And 11, = T/ 0, where hy,, - total head for one pump. 0, the hydraulic
clficiency lies between 75% to 95% and depends upon the shape of the vane passages,
surface roughness of the passages and size of the impeller.

Mechanical etticiency lies 1% for larger pumps and 1.5% for smaller pumps.

Based on the head, quality of flow, the power required to drive the pump N; =
yQEH/ where v is the specific weight of the pumping liquid. The above equation can be
written in different forms such as N, = W/ 1 since yQ = W, weight of the pumping
liguid tlowing per unit time. Also Ni=PQ/ 1, since yH =P
The total pressure required for the pumping liquid. N;is the power input to the pump at
coupling and is equal to the power output from the prime mover. If the efficiency of the

prime mover is known, the power input to the prime mover

hYi AV
Ni—
Ipl‘_i

1 o
42 DETERMINATION OF SHAFT DIAMETER AND HUB
DIAMETER:

Having known the total head, quantity of flow and power, the shaft diameter
“ds” can be determined based on the material selected for shaft, its yield strength for
bending and torque to be transmitted .A factor of safety of 2to 6 is used depending
upon the type of the pump.

In order to take care of the operation of pumps under overloading, a 10% to 15%
extra power, over and above normal rated power is taken for shaft diameter design

Power required is (1.1 to 1.5)N;=Tw where T is the torque transmitted in N.m

and @ is the angular velocity of the shaft ®=211n/60, where n is the speed rpm. If f; is
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the ultimate strength of the shaft material sclected, the yield strength f, for boring,
fatigue and shear operating condition, f, = £,/FS where IS is the factor of safety (2 to 6)

shaft diameter d, 1s determined from the formula

ad

16

I lub diameter dy, will be d=1.2 to1.3 d,
Depending upon the pump capacity. It is necessary to select the hub diameter to

accommodate impetler key with sufficient space especially for smaller pumps.

4.3 DETERMINATION OF INLET DIMENSIONS FOR IMPELLER:

Normally the eye velocity Cyy will be 3 to 5 mps. however, it can be determined

as,
Cy=0.06 t00.08 3v(Qn?)
Eve diameter Dy 1s determined as
Qu=co([1/4)}D.*-dy?) or=c, (1V4)Dy

Depending upon Lype of construction of the pump such as multistage pumps or
double suction or single stage end suction pumps. Eye diameter dy is rounded off
nearest standard pipe size and then correct value of c; is again determined from the
continuity equation

The position of the inlet edge of the blade in impeller must be based on the
required cavitational characteristics. Radial type , low specific speed centrifugal pump
will have the inlet edge of the impeller parallel to the axis. At higher ranges of specific
speeds the inlet edge of the impeller is extended into impeller eye in order to provide
batter cavitational characteristics. The inlet edge of the impeller blade will be inclined
instead of purely parallel to shaft axis. In other words, the inlet edge of the impeller

biade gradually extended from purely axial to diagonal when specific speed of radial
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tvpe centritugal pumps increases, in order to improve the cavitation characteristics of
the pump.

[Mameter Dy s selected as D1=0.70 to 1.1 Dy, when specific speed ranges from
300 1o 70.

Taking ¢, the meridional velocity before the blade inlet as Cyy=Cy or 1.05 to

[.1CO the breath By at inlet 1s calculated from the continuity equation.

th:l_]DlB[(jmt}

@
B]:—__._._.'ti
alx
The inlet blade angle 1s determined as
e C K C
I dan BH;: Sl oL e
u, u
b 1.0 {
C'mI:k-IC-m{J: L = S
¥ 2 3
) — _Z( 1— .Z{ . f—'"_'f'"'—
sm /jl[! sm ﬁlu s ﬁ][}
_ D,
z

Selection of number of blades may be carried out .normally number of vanes is
selected as Z;=6 to 8 depending upon the specific speed. The pitch or blade spacing (t)
can be calculated as t,=nD,/Z. vane thickness can be selected for strength and at the
same time as minimum thickness as possible to get more flow passage area between
any two blades and also to get proper vane shape while casting in foundry.

As first approximation By, is determined from the above equation. This value is
substituted in equation and the coefficient K, is calculated.

This value is now substituted in equation this value is substituted in equation to

get new value of K. this value of K, is now substituted in equation to get the second
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valuc of 3. this process is repeated until two successive values of 1y and K, are same.
The blade angle [3; is determined by adding the angle of attack 8§ ex: Bi= B+ as
mentioned earlier .Final value ol €, is determined from C,,=K,C, thus, all
parameters lor impeller blade mlet D) B,Co.K L0y, 81,2 arc available for turther the

calculation to determine the parameters at impeller blade outlet

4.4 DETERMINATION OF OUTLET DIMENSIONS OF IMPELLER:
The relative velocity “w,” at inlet will be

T — K’ v
W=l K )
sin ff,

The meridional velocity at outlet Cm?2 is selected as Cpo=0.8 to 0.9 C,,,, and the
relative velocity at outlet W, is determined asw;/w-=1.1 to 1.15, since the blade
passage is a divergent passage. [t is also necessary to take uniform change of w and C,,
between inlet and outlet of impeller passage, in order determined the blade angle 3 at
different radii between inlet and outlet of the impeller blade passage. Also losses will
be less and hydraulic efficiency will be higher.

Qutlet parameters are determined by approximation method, and then corrected,
since the coefficient y and p to determine the total head reduction due to finite number
of blades, determination of number of blade, are all function of outlet blade angle and
outlet diameter.

As first approximation C,, is selected as C,,=0.8 to 0.5 for specific speeds 75 to
250.

H uC Coally

Manometric head 17, ©2 =22 for normal entry at inlet
‘r?a'.l g g
o 60w
u, = = and D, = 2
’ (-".-;2 ) mn



1D, determined from first approximation, is used to determined outlet blade angle

3., number of blades 7 and the head correction cocfficient y and p. from veloctty

triangles at mlet and at outlet,

: (G o .
o= -l and w, = — from which
sin /3, Coosinf,

154 Cooosinfl Cosinf K, Cosinf

| el

W, osing, C,.  C, sing, KC, sing,

ne

i Lo ¥ K.C o W
Smﬁzz g“—.-———‘j--sin g = D2 er T2
¢, Wi h KO, W A

Since B, is known C,0/Ciyp. Wy/W, value §3; can be determined Values y, Z, p

are determined from equation the value H,=((1+p)H,, is determined. The outlet vane

velocity u, is determined from equation and then d,60uy/nn. Outlet breadth. B 1s

determined as

‘s Ny Cs
k,=—-2— and C, =-4> Qu=nD-B,C,;
r— K
' sing,
(“ml

Relative velocity at outlet W, =—
T osing,

If D~ value determined by I and II approximation vary too much, then D-
determined from 11" approximation should be substituted in all equation to determined

the outlet dimension and the process should be repeated until successive values of D;

are same.



4.5 DELVOPMENT OF FLOW PASSAGE IN MERIDIONAL
PLANE:

Alter determining  inlet and outlet  parameters ol impeller blade, the
development of flow passage in meridional plane (elevation) should be determined
betore developing the blade shape in plan

Selection and formation of flow passage depend upon the specific speed of the
pump. The radius of curvature at the bend portion must be large as possible in order to
provide a smooth change over from axial to radial direction. The criteria for
construction ot such flow passage is to provide an uniform change in area from eye to
outlet ol impeller and at the same time providing velocity Cy at eye, C,y at inlet C,; at
outlet.

From the established dimension at inlet and outlet for the impeller, a graph
indicating the vartation of C,;,, w, B, 6, B from inlet to outlet as a function of diameter D
should be prepared. The uniform change in C,, and W is suitably assumed between the
inlet and outlet and the graph is drawn. The blade angle p will be B=sin'C ,/w.
similarly, the blade thickness & can be assumed. Blade thickness is always determined
based on the blade loading and facility available at foundry to cast as minimum
thickness as possible which provides more flow passage arca. Normally blade thickness
is gradually increased from inlet to some distance approximation up to 1/3 to 2/5 of the
blade length and then decreases up to outlet. Usually 4mm to 6mm for smaller pumps
and 10mm to [2Zmm for larger pumps are selected. A graph 3=f(D) is drawn. The

breath of the blade at any diameter can be determined from the equation

Q-'.-’J = [R—D - -Zf) JB("JH
sin fF

The value B, 8,C,, are taken from the graph for the selected diameter “D” a graph

B=f(D) is drawn in the same graph.



From impeller eve to blade inlet edge, the graph can be extended to get complete
the tlow passage.

The continuity equation at impeller eve portion will be Qth = nDy/4.C, for end
suction pumps.

This can be changed as Q) = F]D{)2/4.C{, = ubD,BCy where D, 15 mean
diameter=Dy/2 and B is the equivalent breadth B=D,/2

Simtlarly Q]hﬂl1/4([’)(]2—d],2).C{, [or double suction and multistage pumps. This can

be modified as

Depending upon the specific speed, the

shape of the middle stream line (D,, from eye

to inlet and D from inlet to outlet)is drawn. 1t

should be remembered, that the radius of = . A0 .
curvature at the bend, where the flow

direction changes from axial to radial must be

as larger as possible at inner and outer should

for better performance. On this streamline, a

number of circles are drawn, at frequent

intervals, selecting to the breadth "B for Fig 7.10 Three Dimensional front

selected diameter (D) this value of B can be view of double curvature blade

obtained from the graph. Lines are drawn at both ends of the circle such that line drawn
must be tangent to all circles. These two lines from inner and outer shrouds of the
impeller.

If an arc is drawn connecting the meeting tangent points on shrouds and the
centre of circle the angle between the arc and tangent should be 90". A graph can be

drawn between areas “A”, A=f((S). which must have the shape in the fig.



For better cavitational characteristics the rate ot area increase at the bend portion,
where the tlow changes from axial to radial direction must be at a larger rate then the
areca increase at the radial portion. By providing considerable increase in area at the
mlet suction, the rate of ncrease in area at the radial direction will be at a lower rate.
moreover, signilicant mcerease in area at inlet compensates the area reduction due to
vane thickness at inlet.

Radius of curvature at the bend portion of the mernidional passage at the outer
side be as large as possible since smaller radius of curvature at this point yields high
velocity of flow as well as flow separation after the bend, which drastically reduce
cavitational property and hyvdraulic efficiency flow separation at this point will create
very poor flow in the following radial portion as well as the inlet of the impeller, all
will reduce the hydraulic efficiency.

In general, meridional flow passage development must possess,

L. Smooth, streamlined and uniform area change {rom eye to the outlet must be
ensured.

2. Then radius of curvature at the outer side of the bend portion must be large as
possible.

3. Contour of flow passage must be in the same pattern as that recommended for
that specific speed.

The diameter D,/D; reduced, when specific speed ns increase when D,.13,<].6,
the surface area of the vane significantly reduces if the inlet edge of the blade lies in the
radial portion of the passage. The blade loading will be higher, which in turn, reduces
the cavitational. Hydraulic losses are increased. To overcome this, the blade inlet is
extended into the bend portion. The inlet edge of the blade, instead of parallel to axis,
will be inclined. The blade passage changes from diagonal at inlet to radial at outlet.

This inurn reduces the blade velocity and relative at inlet. This reduces hydraulic
losses and improves cavitational characteristics and reduces blade loading. due to the
inclined location of inlet edge, the radius from hub to outer changes. Since medicinal
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velocity Cm is constant throughout the iniet cross-section, blade angle B, reduces from
hub to periphery. Blade curvature changes, trom single curvature to double curvature.
The inlet edge will be diagonal and outlet edge will be parallel to axis for specitic
ny=200 to 300. when specitic speed increases still turther ex: for n, =300 to 500 the
outict edge also become inclined and the pumps will be mixed or diagonal type in stead

of radial.

4.6 DEVELOPMENT OF SINGLE CURVATURE BLADE—RADIAL
BLADES :

Single curvature blade or plane development is adopted tor pure radial blades, -
where the inlet and outlet edges hie parallel to axis. The specific speed *“n,” of such
pump will be less then 100, n <100 and normally the diameter D,<70 to 100 mm.

Vane development, either by single or by double arc method or by step by step
method called point by point method, most provide uniform variation in relative
velocity “w” meridional velocity C,, and angle of divergence from inlet to outlet alone
the flow passage. I.

Biade thickness “8” is selected either constant or changing from inlet to outlet,

smaller thickness at inlet and at outlet end and higher thickness at the middle.

However,

Fig 4.5 Vane development by point by point method



blade thickness 1s determined based in the blade loading and the type of casting
adopted in toundry ftor casting the impelicr. The vane thickness will be a litile higher at
inlet then that at outlet and will be rounded ot1 at inlet for shock ness entry. For smaller
pumps the blade thickness will be 3mm at inlet,5mm to 6mm at the middle and 1mm to
2mm at the outlet. For lfarger pumps the blade thickness is increased up to 10 to 12 mm.
selection ol mintimum thickness provide a larger flow passage between blades. The
velocities Cm and w in the flow passage is reduced, which yields to higher hydraulic
cfticiency. FFlow is also without separation tor a wide range of flow rate. Now-a-days
airfoils are used, for maximum economy and for better anticavitating property. These
profiles are positioned on the stream line “S; to S,” determined by point by point
method.

The difterential equation at any point between “S; toS,” for the central stream
line m plan can be written as

Tanp = ord p=—4r
rdr rtan 3

Taking 8 =0 when r=r] and 3 from the graph B=f{D)

/
0= fuo- | s

Integration is carried out step by step summation of d 6

LIV

rlan S

Ag=BrB1,

2

Where A 0 and Ar are the increment in central angle and radius Bi and Bi+1 are
the integrals at the beginning and at the end of the selected radius. Total value of 8 will

be
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All calculation are carried out in tabular form .
The values of S or r can be arbitrarily selected for which streamline is
constructed from the table where 8 and the corresponding r are known. Blade thickness

is added on the streamline, to get the blade in complete shape.

4.7 DEVELOPMENT OF DOUBLE CURVATURE BLADE:

Increase the speed of the impeller reduces the overall dimensions, total Wight
and the cost of the pump. The specific speed of the pump ns increases. Diameter ratio
[D-/13¢ reduces.

It radial vanes are provide when 1J,/D;<1.6 and specific speed is 1305n,2250,
the specitic, load on the vane increases, due to the reduction in the effective vane area.
Cavitational property of the pump also reduces. In order to overcome this, the vane is
extended into impeller eye i.c.; vane will be diagonal at the inlet of instead of radial.

[t the increase in specific speed is still further, 300 < n, < 600 the outlet edge of
the vane also becomes diagonal. Each stream line of the vane will have its own
configuration. i.e.; the vane angle B, and B, are different from hub to periphery. The
vane will be twisted form i.e.; double curvature.

Due to the change in direction of flow for axial, to diagonal, uniform steady flow
no longer exist. The velocity field considerably changes at the inlet and at outlet. This
complicates the pattern of flow. Existing element theory of pumps with average
velocity assumption along the circumferential and along the radial direction cannot be
assumed. A simple but considerably accurate scheme has to be developed.
Axisymmetric flow. i.e.; flow with infinite number of vane is commonly adapted for
this type of tlow.

Theoretical investigation under axisymmetric flow with infinite number of vanes
in medicinal section of flow will be equal velocity construction. This has been

suggested by so many authors.
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One of the methods of construction of diagonal type of impellor is the
assumption of constant head along all surface of revaluation where the flow fine lies.
By applying Kelvin theorem the vertex tree [low. Ex- potential flow o, = 0 suggested
by Bowersficld is attained in the vane system as a result of which the circulation along

any contour is constant.
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CHAPTER 3
SINGLE AND DOUBLE CURVATURE BLADES
5.1 GENERAL REMARKS ON DESIGN OF RUNNERS AND
IMPELLERS:

The shape of a flow passage for either a runner or an impeller depends on the H,
(). and N—represented by the specific speed. These in turn are functions of:

I. The outlet tip speed. u», and the outlet meridional velocity, Cya

I

. The outlet blade angle, b,

. The number of blades. z

(]

4. The ratio. C,2/C.4

5. The diameter ratio, d/d»

5.2 SINGLE-CURVATURE DESIGN:

As an example of the design problems and techniques used for single curvature
blades, the problem of centrifugal pump design will be used. The methods will be
equally applicable to turbine runners.

For a centrifugal pump, head may be maintained at the same value with a smaller
u» and a smaller d; with the same rotational speed N by increasing b, and z. Thus, the
problems of design and associated calculations may result in several solutions, but they

will not be of equal value in terms of efficiency and possibly production costs.

5.2.1 MERIDIONAL VELOCITIES, INLET DIAMETER, AND
INLET ANGLE:

Meridional velocities are calculated from:
Coi = Kemr % (ZgH)(}'S
Crnz = Ke % (2gH)*’

Kem; Ko are velocity coefficients.



Cmis Co2 are meridional velocities

Values of K.,y and K, glven in a plot by Stepanoft (1957) have been modified
for units and plotted on an arithmetic basis rather than a logarithmic basis by Stepanott.
An cmpirical Russian equation that is sometimes used for the initial calculation of an
inlet diameter is:

dy = (4.0 — 4.5} (Q/N)"?
bl the inlet angle, is calculated from:
tan £ =¢,1/u,
Where,
ul = (N60) = d,

Experiments have shown that Equation docs not give the volumetric flow rate at
the best efficiency point. by must be increased by the value of the incidence angle d,.
This is = 2—6e.

Thus,

B =B +0

5.2.2 TIP IMPELLER VELOCITY (U;) AND OUTLET DIAMETER
(Dy):

The theoretical head for a centrifugal pump with an infinite number of blades
was given in
Hip(o0) = (1/g)(usc; cos ay — ujcy ¢os a;)
From the outlet velocity triangle, it follows that:
Cy2 = Uy — Cy/tan B,
Substitution of Equation in one another yields:
gHy() = ua(uz — emp/tan #7) —ujcy,
or

w’ —u; (cp/tan f,) = gHin(4) + uycy
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Hence,

Uz = Cpo/2 tan 5 + [(Ca/2 tan o) + gHu(4) + uycy "
Usually, ¢,; = 0 because of axial entry of the fluid. Equation becomes:

0= Cpo/2 tan o+ {(Cua/2 tan f-) + (gHMm (1 + CP)}”'5
where,
(1 -+ Cp)is evaluated from the Pleiderer correction for a finite number of blades.

(1 +Coy=20y/2) 141 - (d/da))")
Where,
y =k(1 +sin #5)(d,/d>)
The value of k = 1 or 1.2, depending on whether or not the pump has guide
vanes. For pump

without guide vanes k = 1.2.
The outlet diameter is given by:

da = [(60) () M = }N)]

3.2.3INLET AREAS AND IMPELLER WIDTHS:
Inlet areas are given by:
Ay = yQi/Cm)
y = a coeflicient of constriction. This allows for reduction of flow blade area
because of the presence of the blades.
Q) = Q0.96
The value 0.96 is a commonly used value for volumetric efficiency.
Impeller widths at inlet and outlet are calculated from:
by =A/7d,
and

bg - Ag/;"TdQ
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5.2.4 DIMENSION CALCULATIONS, CONTINUITY
ADJUSTMENTS:

There are three principal methods for designing blades:

1. Circular are method

B

. Pomt-by-point method

3. Conformal representation

‘the first of these methods may be carried out by a single-arc or double-arc
method. Both methods are less accurate than the second—the point-by-point method.
The point-by-point method, given was originally introduced by C. Ptleiderer (1957)

andas tHlustrated in Figure 5.1,

IMig 5.1 Point by point method of determination of blade profile
Referring to the figure, the angle increment dq is given by:

dg =dr/{rtan f)

Integrating between r2 and r gives q, expressed in degrees:

r 1
9:(180m)j(rtan/3) dr
When the initial blade design is done, a final check on the dimensions of the

passages between the blades must be made. In effect, this ts a check for flow

continuity. The normals to the blade surfaces are drawn by means of inscribed circles,
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as illustrated by Figures 5.2 and 5.3. A given cross section has the shape of a trapezium
of height Ac and breadth b. Figure illustrates the type of deviation from the trapezoidal

shape. T'he blade shape is then corrected for each cross section.

e

I Centarlins

| g

~ Fig 5.2 Impeller passage cross section determination

3.3 DESIGN OF DOUBLE-CURVATURE BLADES BY
CONFORMAL MAPPING:

Ca Co

Fig 5.3 Determination of blade surface by conformal mapping
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V. Kaplan, the turbine designer, presented a variation ot conformal mapping that
sives rapid results. Figures best illustrate the method.

The basic construction is as follows:

1. The back and front shroud streamlines are divided into several segments. In
Figure 5.3, five segments have been arbitrarily chosen: py, py . . . cte. For greater
accuracy, 10 to ISsegments would be preferable.

2. Planes arc drawn through the division points Cl:J : K : L : C2 perpendicular
to the impetler axis. The traces of the intersection with the surface of the back shroud
are concentric clcles- gy 1 gz 1 Qs ...

3. The seaments ¢ :¢cx s ey ceyand ) o5 fy s fpand gy @ g 0 gy 0 gy form
curvilinear lriang]cs.

4. The radii of the points C: J : K : L : C; are determined as in Figure .

3. From the number of blades and the angle of overlap (usually 35°-50°) the
central angle ) may be determined.

6. It the outside edge is oblique, then the streamlines will be separated
accordingly. From the hydraulic point of view it is preferable that the angles between
the impeller and shrouds be as close to 90¢ as possible. If the shrouds are highly

curved, this is almost impossible to manage.

bl

Fig 5.4 Construction of Stream Fig 5.5 End elevation projection of
-lines in an impeller channel the back shroud showing curvature
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CHAPTER 6
KAPLAN METHOD

6.1 DESIGN OF THE MERIDIONAL SECTION:

A section through the impeller axis is called “meridional section”. In this
presentation the blade leading and trailing edges are projected into the drawing plane

through “*circular projection™.

- "i' e SE Dk NI
| !

- —— St -

I

Fig. 6.1. Design parameters for the meridional section of the impeller. Left: radial
impeller, right: semi-axial impeller

To be able to design the meridional section, details for the position of the
leading edge are required next to the dimensions (ds, by, d;, dy;, d,) determined above.
Recommendations for the axial extension z; and the radius of curvature Rp, of the front

shroud are given by Equation .

i \.Il-(]—" I{Ds = (06 10 08) b1
Zp = {Lf.;_.a - dl.} d bl = !fé (d] - dn)
L Dg.Ref ) Dgrer = 74

Favorable flow conditions are achieved by moving the leading edge forward into

the impeller eye. In this way low blade loadings and correspondingly moderate low-
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pressure peaks are obtained and cavitation is reduced. The leading edge at the outer
streamline should not be located in the region of high curvature but preferably before
the start of the Iront shroud curvature. Therefore, the radius Ry, should not be tangent
to the point defined by z;, but a short section g; = (0.2 to 0.3)xb;should be introduced
with only a minor increase in radius in order to achieve Hatter pressure distributions.
For small pumps, or when a short axial extension of the impeller is a priority, smaller
values are selected for 7 and Ry, than calculated from Equation.

The angle €, which defines the shape of the front shroud near the impeller outlet
15 determined according to the specific speed. It can be used to intluence the velocity
profile at the impeller outlet. For ng < 20, €5, = 0 is often sclected. For radial impellers
with higher specific speeds &y, increases to approximately 15 to 20°. With ds, bs, 2., ).
g1, &ny and Rpy 118 now possible to draw the outer streamline which can be defined by
a [ree curve or assembled from straight lines and circular arcs. When using a design
program, Bezier functions may be used. Unfortunately, general rules are not known
which would ensure favorable hydraulic features. Meridional section and blade
development must rather be optimized together. The angle & |, which defines the shape
of the rear shroud near the impetler outlet can be chosen positive or negative. At n, <
30, & =0 is often designed (some manufacturers also use negative values). At high
specific speeds & 1 is always positive with &, < €.

The inner streamline must be shaped in a way that the cross sections A =
2xmxrxb vary continuously along the mean streamline. To this end, a mathematical rule
may be selected which describes the cross section A or the channel width b in the
meridional section from by to b, as a function of the developed length of the outer
streamline, Fig. 6.2. In addition to a linear or parabolic function, a cubic law could also
be considered to obtain smaller changes in cross section near the inlet and outlet of the

impeller. After the desired rule b = (L) has been defined, the width is marked off with

dividers at a number of checkpoints on the outer streamline. Subsequently, the inner
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streamiine is drawn as an envelope curve. The same construction can also be performed
in sub-operations with several streamlines. Finally, the streamlines can be constructed
from the theory of potential flows.

The blade leading edge 15 initially obtained from the chosen parameters d|, 2, dj;
and the designed mner streamlbine. The position of the leading edge has a major effect
on the part load behavior accordingly. The following criteria serve tor shaping the
leading edge: (1) In multistage pumps with ng < 25 the angle € must be designed as
laree as possible 10 prevent the Q-H-curve from drooping towards Q = 0. (2) For
impellers with an axial inlet € = 30 to 40° is about the optimum according to
cquation. (3) 1t & 1s selected too small, problems with hub cavitation and instabilities
of the Q-H- curve may be encountered. £ too large can result in too low values of d;

and too

{) in2 .4 (3.6 08 xL.., ]

Fig. 6.2. Options for the development of the flow area in the impeller; 1, = blade
length
large blade angles Bp; on the hub. The meridional section largely determines the flow
distribution over the blade width and, consequently, the turbulent dissipation losses, the
part load behavior and the stability of the Q-H-curve.
Criteria for the meridional section to be checked:
e The leading edge should join the outer streamline with the largest possible angle
to reduce the local blockage in the case of twisted blades.
e The curvatures of the outer and inner streamlines and the cross sections A =
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2xqxrxb should vary continuously along the mean streamtine.
6.2 BLADE DESIGN:

The blade design serves to define the shape of the blades along the outer, inner
and mean streamlines so that the inlet and outlet angles established are obtained. The
blade describes a three-dimensional curve along cach surface of revolution; for
instance, along the outer streamline delined by the meridional section (or front shroud).
This curve can be described through its projections into the meridional section and the
plan view. Lvery point of this curve is defined in space by the coordinates r, z and &.

. With reterence to Fig. 6.4a consider an element of the outer streamline which is
positioned between the points 5 and 6 on the radii 3 and r6. In the meridional section it
has the (approximate) length:

~

Am = yArs - Az-

[n the plan view, Fig. 6.4b and 6.4¢, the position of the points 5 and 6 is defined

by these radii and the angle A ¢ .The distance between points 5 and 6 is:
Ag=yArT - Au~

The length of the streamline element in space is obtained from the tength in the

plan view Ag and the extension in axial direction A z{normal to the plan view):

AL = v‘Agz - AzZ?

By means of Equations the relationship between the true length AL, of the
streamline element and its projection Am in the meridional section and the projection

Au in the plan view is obtained:

AL =\/Ag2 - Az" =\/;\1‘2 ~Au” - Az’ = \/Amz — Au?



The distances AL , Au and Am according to Fig. 6.4c constitute a right-angled
triangle which includes the true angle  _between the streamline element AL and the
tangential direction Au.

Il a streamline is developed step by step into the drawing plane according to this
procedure, its true length and the true angles relative to the circumferential direction
are obtained. This procedure is used to design the blade coordinates in the plan view
from a defined meridional section and a blade development to be specified. In the
above method, the curvilinear triangles have been replaced by rectilinear ones. The
smaller the clements are selected, the better this approximation becomes. Of the
difterent methods tor designing the blades, the Kaplan method is described: it
comprises the following steps:

1. Depending on the width of the impeller (i.e. ny) one to five additional surfaces
of revolution are drawn into the meridional section in addition to the outer and inner
streamlines. These surtaces can be designed as streamlines of identical part flows. To
this end, (estimated) normal to the streamlines are drawn. In doing so, the width
between two streamlines is determined in a way that the same flow AQ = 2xaxrxAbXc,,
travels through each partial channel (frequently with the assumption cm = constant).

2. All surfaces of revolution or streamlines are sub-divided into n elements of
identical length Am (e.g. Am = 8 mm) according to Fig. 6.4a so that the points a, to a,,
b; to b, etc. are obtained.

3. In the blade development according to Fig. 6.4d, n parallel straight lines are
drawn at the distance Am. Lengths L., Ly, Lo ete. of the developed meridional
section are obtained (which constitute the projection of the streamlines into the
meridional section).

4. The length L, of the streamlines in circumferential direction is still unknown;
within certain limits it can be freely selected. A possible approach consists in defining a

development law according to Fig. 6.5. Starting with $(j=0) = Bas at point A in Fig.
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6.4d, the circumferential length Au of the element Am is calculated from Eq for each
step § Lo obtain the position ot the next pomt.

Am |
ML= -

tan 3 :

The angles for each step are obtained from the selected law according to which
the angle is to develop as a function of the blade length from B4 to By, In general it 1s

possible to write:
Bi =B:p — v (Bag —Big)
Any random function which satisfies the conditions y(0) = 0 and y(1) = I can be
substituted for y(x). 1 a lincar angle development from P 23 to B3 is desired, the

function y(x) has to be formulated as:

V(X = v Am;
am U )
0.3 % ]
9.6 4o 1,/ 2 3 / ]
Y 04 // 3 / !
0.2 / |

[ = .

Y 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fig. 6.3. Blade development options (the figures on the abscissa have no meaning).
This method can also be used in a way that the outlet angle 1s kept constant over
n, sections (B; = P for j < n,) and/or that the inlet angle is kept constant over n.
sections (B; = Bip for j > n — n,). Accordingly, equations are only formulated for the
middle part of the blade in which the angle changes from (5 to .
5. An alternative way of determining the blade development is as follows: a line

S1 is drawn from point A with an angle B., Fig. 6.6d. A point E at distance L, is then
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selected such that a line S, started with the angle B,y intersects the line S; in a point P.
The rato L1, has an elfect on the blade length and the channel cross sections. It
must be selected so that the mtended blade distances a; and a; as well as acceptable
blade loadings according to the criteria in equations are obtained. A smooth curve is
then nestled into the geometry defined by the points A and E and the lines §; and S,.
This curve forms the chosen blade development.

6. The blade geometry must be represented in the plan view so as to allow the
manufacturing ol the impeller or pattern. The blade points | to i3 in the development
{(Fig. 6.4d) define wiangles with the sides AL, Au and Am. These points are situated on
the radin vy 10 13 (sec the meridional section in Fig. 6.4a). Starting on the outer radius
the points arc transterred to the radii ry, ry ete. with Au and Ar according to Fig. 6.6e.
This yields the points 1, 2, 3, etc. in the plan view. Joining these points produces the
streamline projected into the plan view.

7. The wrap angle g, formed by the blade in the plan view depends on the
blade angles [y and Bap, the radii ratio d/d; (hence ng) and the streamline length in the
meridional section. Wrap angles of radial impellers usually are within the following
ranges: with zy, = 3: g, = 130 to 160°; with z,,= 6: £, = 120 to 140° and with 7,
=T: e = 100 to 130°.

8. Steps 4 to 6 are performed for all surfaces of revolution (streamlines).

9. To generate sufficient checkpoints for the manufacturing process, radial
sections (A to Q in Fig, 6.5) are drawn in the plan view and their intersections with the
surfaces of revolution or streamlines transferred into the meridional section (shown in
Fig. 6.5 by way ot Section K). The radial sections should yield smooth curves in the
meridional section in order to avoid waviness in the blade surface. These radial
sections need not always be curves; they can also be straight lines.

10. For manufacturing it is also possible to use contour lines (“board lines”).
These are equidistant sections in the meridional section normal to the axis, No. 0 to 12
in Fig. 6.5. Their intersections with the streamlines and radial sections are transferred
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to the plan view and joined to form the board lines. These must present smooth curves
in the plan view in order to prevent wavy blade surtaces.

L. The blade surface designed in this way constitutes the camber, the suction or
the pressure surlace - depending on the angles (camber, suction or pressure surface)
that were used for the development. The selected blade profile can be drawn into the
development as section normal to the blade surface in order to better appreciate its
ciffect on the approach tlow.

12. The blade profile 1s represented as developed onto the camber line where it is

dimensioned as thickness = f(L) (dimensioning not shown in Fig. 6.5).

6.3 CRITERIA FOR SHAPING THE BLADES:

When constructing the blade development, the designer enjoys a certain freedom
which he may utilize to obtain specific hydraulic features. Impellers designed for high
NPSHA, i.e. when cavitation is not an issue, will be primarily optimized for efficiency
and the stability of the Q-H-curve. In order to minimize the losses, a smooth variation
of geometric parameters should be targeted (for example by increasing the blade angles
to a linear function from inlet to outlet, i.e. ¢B/CL = constant). On the outer streamline
the outlet angle B, is usually several degrees larger than the inlet angle B3, and a
development similar to curve 2 in Fig. 6.5 is obtained. On the inner streamline of an
impeller with axial inlet (end suction pump) Byp; is generally much larger than 8,5 so
that a development similar to curve 3 in Fig. 6.5 is obtained. It is also possible to
specify a law for uxe, as a function of the blade length. For example, the design could
be done with low blade loading at the inlet because of cavitation, with the strongest
blade load in the middle part where the blades overlap and moderate blade loading
towards the outlet with the object to achieve as uniform a flow as possible. It is thus
attempted to minimize turbulent dissipation losses and pressure pulsations. The
developments of all streamlines must be matched to each other so that the desired

leading edge is obtained. Since the inflow angles are usually small (between 12 and
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18°), the approach flow of the blade leading edge can be assessed qualitatively by way
of 1ts position in the plan view. It the leading edge is radial (No. | in Fig. 6.6), it is hit
by an almost perpendicular approach tlow. It the leading edge is inclined by the angle ¢
against the radial direction, it meets the approach tlow at an angle which tends to cause
lower velocity peaks and losses (compare to a cylinder exposed to an inclined versus a
perpendicular approach flow). A leading edge shape according to Nos. 2, 3 or 4 in Fig.
6.6 corresponds to a “sweep back” which is used in axial pumps, compressors and
inducers. It tends to displace tluid away trom the hub. Special shapes such as No. 5 in
Fig. 6.6 (“sweep forward”) are sometimes used to extend and unload the outer
streamline. The leading edge also intluences the part {oad behavior — especially shapes

such as 4 and 5 in Fig. 6.6.
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Fig. 6.6. Different shapes of the impeller blade leading edge

The blade twist at the inlet is obtained from equation from the calculated tlow
angles and the selected incidences. This involves major angle variations over the blade
height it dy; << dy, and B33 >> Bin.. In contrast, the blade twist at the impeller outlet
can be selected freely. The blades of radial impellers of low specific speeds are
frequently not twisted at the outlet. The higher the specific speed, the more an outlet
twist will be required to optimally match the streamline lengths. In order to reduce
pressure pulsations, the blades can be twisted at the impeller outlet. The effectiveness
of this measure increases with the ratio of the outlet width b, to the pitch of the blades
t» and with the specific speed. The blades can be arched deliberately in order to
increase the throat area A,,. The radial sections will then appear as pronounced curves
in the meridional section. This design is used especially with radial impellers of high
specific speeds (compare to the impellers of Francis turbines). In general, all
streamlines, blade developments, radial sections, board lines and channel cross sections
should vary continuously along the tlow path in order to prevent unnecessary
accelerations, decelerations and velocity differences over the channel. Turbulent

dissipation losses caused by uneven velocity distributions can thus be mintmized.
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CHAPTER 7
DESIGN DETAILS

7.1 IMPELLER BLADES WITH DOUBLE CURVATURE:

The techniques used in the design of impellers and runners of single curvature
may also be used for double-curvature blade design. The methods are applicable to
rachal flow and diagonal impellers. For pumps care must be taken with regard to the
choice of blade length. Too short a length has an unfavorable influence on suction
capacity and efficiency. If the veloeity of the liquid before the blade and the
constriction coefficient are constant, ¢,,; will be the same for all points along the blade.
Therefore, the blade inlet angle by must be variable along the edge; that is, the blade
must be twisted or have double curvature. In certain cases it may be necessary to
design a purely radial blade with double curvature because the inlet is wide; these are
usually low-specific speed impellers. Wide inlets can mean large variation of C,,, along
the inlet edge of the blade. Botler feed pumps, which require a stable H-Q
characteristic, also have extended cdges; these also should be designed with double

curvature.

7.2 PROCEDURE:

1. A value of Ns for given values of Q and H is calculated, u;, is calculated, impeller
diameter d, for the central streamline.

2. ¢z 1s found, bs 1s assumed, and impeller width b; is calculated.

3. The impeller profile is provisionally assumed together with the position of inlet
edge, making sure that the shape is smooth and continuous and that the change from
Cmi tO Cpya 18 gradual.

4. Corrections are made to the profile and position ot inlet edge if necessary.



7.3 DESIGN SOLUTION:
7.3.1 Given specification:
Flead |, H=7.5m

Discharege, Q=15.8 1016 lit/scc
Speed, N=2850 rpm

Size= 8 inch (suitable for 9” bore)
Power= 2.4 hp

Liquid= water

7.3.2 Assumption:

Single stage centrifugal pump
No of blades, Z= 0

Flow coefficients, k,=1.3, k,=1.1,
Relative velocity, wi/w,=1.15
Ratio, ¢n3/Cmp=0.8

Angle of attack, ¢ = 4.5

7.3.3 Design solution:
Specific speed, n=3.65nvVQ/H""
=3.65*2850%V.016/7.5""
=290.34
n,>250, blade will be diagonal at the inlet , to prevent blade loading over and above the

permitted value calculated. The vane becomes twisted (i.e. double curvature).

7.3.4 General dimensions:

TS

Nominal diameter, Do = 4.5%10°% ;=
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s 0016
w10 .[0016

=45 .
Y 2830

— 79.98mm
1-042
-0172)

3

Ilydrauvlic cificiency, = -

(R

= (0.8598
= §5.98%

C e |
Volumetric elficieney 1,= —-— |
(1+0.68n, 7))

= 0.9847

-2 98.47%
Assuming mechanical efficiency, n,=0.96
Overall efficiency 1= 1, My N
= 0.8598*%0.9847* 96
=0.8128
= 81.28%
QH

Output power Ny=
conslt

Input power Ni= N
7
Assuming an over load ot 5% Input power N;
But input power is given as 2.4 hp.
ie. Ni=24hp
=2.4*%0.7457 = 1.79 kw

Torque T=Nyw = SN LY
2% % 2850/60

=3.99%107 = 0.006 kN.m

Taking the shaft material as 30Nidcrl

Ultimate stress, f,y= 1100 N/mm” (from design data book)

Taking factor of safety (Fs) as 4

Dinem= 79.98mm

= 85.98%

1v=98.47%
Nu=0.96%

1= 81.28%
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Working stress £(m/Fs =1100/4 = 275 N/mm” = 275000 kN/m’

]
i

shatt di o 16%0.006 "
Shatt diameter d.- ‘ : —[ﬁj
(TS B T 2T -

— 4815107 m ~ 5 mm.
Taking fatigue stress (bending and shear)
mto account, minimum shaft diameter o e
d.1s taken as
d=10mm DD,

IHub diameter, dy= 16 mm q IZL';
. l i“ll

Fig 7.1 Different Diameters in Meridional view

7.3.5 Inlet dimensions:

. . . - .01
I'heoretical discharge, Q= Q- bLIo
7. 0.9847

=0.01625 m’/sec

The flow velocity belore the inlet edge of the impeller blade

(Cy)=0.063/Q, n*

1

=0.06*0.01625*2850" (0.01625%2850%)""

= 3.0549 m/s Cy=3.0549 m/s
Taking, Cuo= Cy=3.0549 m/s
Taking, K;=1.3, Cp =K Cuo = 1.3%3.0549 = 3.9714 m/s
Taking Coi= 3.9714 m/s Cmi=3.9714 m/s

4Q,,

The axial velocity at the impeller eye, C.y= s
U [A(D - d,)]

* 5 4* . S
30549 m/s = 4%0.01625 _ 0.01625

[7(D) —d,)]  [=(D,” —0.016)]

Dy= 0.08384 m = 83.84 mm~ 84 mm
Eye diameter (D) = 84 mm Dy =84 mm
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Taking, Dy (Eye diameter) = Dy, (Diameter of outer edge of the blade inlet)=84 mm

D,,,=84 mm

Diameter at the inner edge of the blade inlet, 1D, =Hub diameter = 16 mm

Taking, D)= 0.7 1D,- 0.7%84 = 38.8 mm

A _ 7SS 2850

e 8774.47 mm/s = 8.77 m/s
60 O

Assuming normal entry, (C,;=0),
Inlet blade angle *3,7 will be,

e o
By =tan™ b =
Lo

A0 3,971« ~
' —’——ﬂiJ =2436"

) L 8.77

D= 16 mm
D; =58.8 mm
u,= 8.77 m/s

Allowing an angle of attack. u=4.5", B Bryta =24.36 " +4.5 "= 28 86"~ 29°

7.3.6 Outlet dimensions:

Manometric head, I-[IHZ(

k"hr )

LA [.fﬁ
0.8398

, —] =8.723 m

]h](iﬂg, ELQ:CUEELTEZO-S

-~ 2
Hy= H/ my= cpour/g=¢ou/g

7.3.7 First approximation:

\[.-';‘ * 0 172
:(_H J :(&% é_-zz%] ~ 13.0822 m/s

L Cu, 0.5

60u, _ 60* 13.0822' = 0.08767 m
m x¥2850

Outer diameter,D>=

= 87.67 mm
Taking, C3=0.8C,= 0.8*3.0549= 2.4439 m/s

B,-23°

H,=8.723 m

u,=~13.0822 m/s

D, =87.67 mm

Cny=2.4439 m/s
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I - W ~
Faking, k>=1.1 and & =115
LN

sinfi sin By 0 S —ginagte Ll sy 550 8= 03774
ko Cy 1.3
Outer blade angle, B~ 22.17-23° p=23°
Con/Cop= 2 2 Lbag g = 06769
kiem, 1.3

Qutlet flow velocity, ¢,p= 0.6769%*3.9714 = 2.6882 m/s
cm2=2.6882 m/s

No of blades, /=65~

4 foR L i
“iz__'_._[__)_l...l Sint_(_/)._-_‘-_ A
(D,-D) 2

- (RT.67+38.8) o . ((29+23) . - .
= 6.5% ?6—“—6) ‘smtg----- - -))-J 7 =14.45~15 (not applicable)
(87.67 - 38.8) 2
Therefore assuming Z=6 =6

W=0.6(1+sinP>)= 0.6%(1+sin23") = 0.8344

W= 0.8344
pml [ 2*0.7854,56*( 1 Jz 0.4758 p=0.4758
2 -yt 1-(58.8/87.67)°
H,=(1+p) H,, = (1+0.4758)* 8.723 = 12.87 m H.,=36.58 m
7.3.8 Second approximation:
— 5 142
Outlet blade velocity, ug=(ﬂ]+ { w2 ] +gHm}
2tanfs, 2tan f3, S
:(2‘6882]_'_ [2.6882]‘ +9_81*12.87}
2tan23 | 2tan23
=14.84 m/s u,— 14.84 m/s

Outer diameter, D,=2"42=00"1333 _ 4 36945 1 =99.45 ~ 100 mm
¥ r*2850

D, IMapproximation (D»=87.67) and D, [I™ approximation (D=100).

68



Final value ol outer diameter Ds is taken as D>= 100 mm

Coymems/k-=2.6882/1.1=2.4438 m/s

7.3.9 Verification for flow cocfficients:

0, O» thickness of blade = Smm

. I l -
f\]_.___.._...... . o= Ee) |3

’1 43, C670.005 ]
:_,-'d.'):sinﬁl L 70.05885in29

. ! ! -

I 3 o e e =132

) 70 W [ 670.005
- - Pl s
). sin /A, . a0 1sin E,aJ

-

wi= S 22 6397 = 8,19 m/s
s f3, sin 29
} \]872
woe = 20882 95072688 mis
sin /3, sin 23
NOTE:

Taking 3 streamlines , m=3
No of passages, (m-1)=n=2
(Do’ div™) =2 * 1(Dyponn - Do
8472 16°= 2 * (Dynorn- D7)
6800=2 * (Dipowa - D27
Do=V( Dyonn - 3400)

)

Breath of the passage B = (Dyquwn- D0 )2

D>=100 mm

C.15=2.4438 m/s

w;=8.19 m/s

Wo= 6.88 m/s
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7.4 GRAPHS AND TABULATIONS

Diameter Vs Meridional velocity
. 3.3
E 4 HH‘—\*\‘\*
S 25
. Series
SE1S5 e
Q
= 1.
5 05
= 0 . o -
: 60 €5 S0 95 100 105
| Diameter (mm})
Fig 7.2 Diameter Vs Meridional velocity graph
Diameter Vs Relative velocity
£85
S .
S 8
2 ?
o715 —— Seriest
= |
= 7.
s
6.5
82 8 8 8 90 2 94 9% 98 100 102
Diameter (mm)

Fig 7.3 Diameter Vs Relative velocity graph
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Table 7.1 Vane development for the stream line ‘a’:

S.No r &t C dyin b d, W Cn/w

(mm) (mm) (m/s) (mm) (mm) {(mm) (m/s)
! 42 34 3.0549 | 60.46487 11.77 36.27 8.19| 0.3730
2 4285 83.7 129899711 62.80517 11.45 37.50 8.051 03714
3 4424 88.48 | 2.883792 | 66.54856 10.97 39.74 7.821 0.3686
4 46.21 92.42 [ 2.7333090 | 71.70395 10.36 42.24 7501 0.3644
3 48.01 96.02 ] 2.595811 | 76.28788 9.87 44.62 7.211 0.3602
§) 50 100 2.4438181.24038 9.38 47.15 6.88 | 0.3552
B= Ar
0 t=2nr/Z o/t SlnB B TRHB =Tri+1-1;

1/(rtanp)
(mm) (mm) =[{(Cn/W)+(6/t)] (rad/m) (m)

5 44,0000 | 0.1136 0.4866 | 29.1083 | 0.5570 | 42.7422
0.0009

5 44.8905({0.1114 0.4828 | 28.8548 1 0.5513 | 42.3339
0.0014

5 46.3467 | 0.1079 0.4765 1284458 10.5420| 41.7055
0.0020

5 48.410510.1033 0.4677 [ 27.873510.5291 | 40.8978
0.0018

5 50.2962 1 0.0994 0.4596 | 27.3533 | 0.5176 | 40.2445
0.0020

5 52.381010.0955 0.4507126.775110.5048 | 39.6175

71




X
D=3 A0
_B MBL | AG=x*ATr r d pi* d, *b
2 (rad) (rad}
(mm) (mm
0.3284 18.81 42 84| 1341.402
42.5380 0.0362
0.2923 16.74 42.85 85.7| 1349.159
42.0197 0.0584
0.2339 13.39 44.24 88.48 | 1369.587
413016 0.0814
0.1525 8.73 46.2] 92.42 | 1375.072
40.5711 0.0730
0.0795 4.55 48.01 96.02 1383.56
39.9310 0.0795
0.0000 0.00 50 100 1389.954
Diameter Vs Area
=1400
£
al ‘
S1360 | —4—Serigs
- 5
1340
o 1320
=< 80 85 %0 % 100 105
Diameter (mm)

Fig 7.4 Diameter Vs Passage area between Streamline ‘a’ & ‘b’ graph
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Table 7.2 Vane development for the stream line ‘b’:

|
SNo| r | d C dbin b ds w | Culw
|| _(mm) E______(mm) (m/s) (mm) (mm) {mm) (m/s)
1) 3054 61.08| 3.0549| 18.18698 | 21.45| 2007| 819} 03730
2} 32145 04.3 | 2.9385|27.10148 18.60 23.74 8.16] 0.3601
|
3 | 3524  70.48| 2.8221)39.59079 15.44 29.16 798| 0.3536
|
4t 3827 76.534 | 2.7057 | 49.58197 13.48 33.49 7.691 03518
5 41.23 82.46 | 2.5893 | 58.30653 12.08 37.52 7.33| 0.3532
6 443 88.6 | 2.4438 | 66.70802 10.95 41.66 6.88 | 0.3552
B= Ar
O t=2nr/Z o/t Sinf ] tanp | l/(rtanp) | =rj+-r;
=[(Co/w)+(6/1)]
(mm) {mm) (rad/m) (m)

5 31.9943 1 0.1563 (0.5293131.9441 | 0.6238} 52.4890
0.0016

5 33.68101 0.1485 0.5086 | 30.5558 | 0.5906 | 32.6612
0.0031

5 3691811 0.1354 0.4891 ] 29.2685| 0.5607 | 50.6078
0.0030

5 40.0924 1 0.1247 0.4766 | 28.4494 {1 0.5421 | 48.2042
0.0030

5 4319331 0.1158 0.4690 | 27.9585 | 0.5310 45.6736
0.0031

5 46.409510.1077 0.4629127.5659 | 0.5223 | 43.2211




X )
= Al)
AO=x*Ar 0= A v d pi* d, *b
_B By (rad) (deg)
2 (mm) (mm)
0.0000] 0.0000] 3054 61.08 1352.784
52.575] 0.0846
0.0846 | 4.8479| 32.15 64.3 1387.718
51.6345 0.1596
0.2442 1 13.0858 | 3524 70.48 1415.432
49.4060 0.1497
03939 ] 22,5595 3827 76.54 1418.724
46.9389 0.1389
05328 | 30.5170 0 4123|8246 1424.089
44 4474 0.1365
0.6693 | 38.3320 443 88.6 1433.174
Diameter Vs Area
£14440
=
>, -
S —o—Series?
o 1380
L1360 |
1340
<< 60 70 80 %0 100
Diameter (mm)

Fig 7.5 Diameter Vs Passage area between Streamline ‘b’ & ‘¢’ graph
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Table 7.3 Vane development for the stream line ‘c’:

SNo| r | 4 C w ColW t =2ur/Z
(mm)  (mm) (m/s) | (mfs) (mm) (mm)
L1197 23.94 | 3.0549 8.19] 0.3730 5 12.5400
2 1796 3592] 29385 8.16| 0.3601 5 18.8152
3 2539 | 50781 28221 7.98 | 0.3536 5 26.5990
5 4\ 30.8 61.6 _ 2.7057 7.69| 03518 5| 32.2667
5 35001 70.22__j__ 2-58.9,3,.? 33| 0.3532 5 36.7819
6| 3989 79.78 | 2.4438  6.88| 0.3552] 5 41.7895
_ i Ar
| B= =risr- X AQ
Y Sinf B Tanf | 1/(rtanf) r; =x*Ar
=[(Cm/w)+(6/t)] B T?:]
(rad/m) | (m) 2
0.3987 0.7717 1 50.4890 | 1.2135 | 68.8441
0.0060 | 69.0910 0.4139
0.2657 0.6259 | 38.7292 | 0.8024 | 69.3879
0.0074 | 65.3774 0.4858
0.1880 10.5416[32.7810 | 0.6443 | 61.1280
| | 0.0055 | 58.2385 0.3209
- 0.1550 0.5068 | 30.4390 | 0.5879 | 55.2263
- ! 0.0043 | 53.0038 0.2284
1 0.1359 0.4892 | 29.2751 | 0.5609 | 50.7813
; : 0.0048 | 48.6215 0.2324
0.1196 | 0.4749 | 28.3382 ] 0.5396 | 46.4616




Q):Z___f\(,)
| d
(rad) : (deg)
___________ ~(mm)
‘__ (3.0000 | 0.0000 2394
04139 237026 35.92
}0$W6 518231 5078
1.2205 69.9015 616
14489 829853 70.22
i _
1.6814 96.2961 | 7978

Diameter Vs Area Combined graph

e

£ ' ‘

=100 '

=130 ' o
310
S T N N WY N

|
-

¢ .
ot ¢ ¢ Seriest

Diameter (mm)

Fig 7.6 Diameter Vs Passage areas between Streamline ‘a’ ‘b’ & “¢’ combined graph
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7.5 VANE DEVELOPEMENT

Fig 7.8 End view of double curvature blade
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7.6 THREE DIMENSIONAL VIEWS

Fig 7.9 Three Dimensional side view of double curvature blade

Fig 7.10 Three Dimensional front view of double curvature blade
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7.7 IMPELLER WITH AND WITHOUT FRONT SHROUD

Fig 7.12 Impeller with front shroud
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CHAPTER 8

RESULT AND CONCLUSION
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CHAPTER 8
RESULT AND CONCLUSION

This desien ot a double curvature type of impeller has been completed in PRO-E
Wildtire 4.0 - CAD software. Its efficiency value has been found very high when
comparable with the normal single curvature blade design followed in the industries.
The cfficiency of the impeller with double curvature design 1s §1% while that of the
normal mixed [low impeller is only 49 %. Also the double curvature concept in blade

design overcomes the problem of blade loading and increases the performance level of

the pump.

The only ditficulty in the double curvature blade design 1s the complexity in the
design procedure. Also the manufacturing of this design, particularity the pattern
making requires a skilled labour, since the profile has to be developed for each
streamlines. In the impeller, designed in this project, thickness has been added above
the double curvature profile. A thickness ol 1 to 2 mm is given at the leading and
trailing edges and the original thickness of' 5 mm has been given at the centre. But for
effective functioning, an airfoil profile for the specification can be developed and

placed over the initial double curvature design.
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