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Eernoulli's Theorem

~ Energy Losses .
Measurement of Rate of Flow of Fluids .
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Fluid flow may be defined as the flow of substances that do not
~permanently resist distortion. ' i " hgw aiiny U
This definition covers the flow of liquids and gases. Fluid is
- considered to be a mass of a substance formed by a series of layers.
When an attempt is.made to change its shape, the layers of fluid slide
~over one another, until a new shape is attained. At the end, the fluid is .
~relieved off the stresses that it encountered during the flow.-
Flow of fluids is observed while handling materials, .

£

~vents, solutions and suspensions is simpler, cheaper and less

~ troublesome than handling of solids in industrial operations.

~ (b) Handling of solids : Solids are handled in a finely divided state
~in the form of suspension of fluids, so that transportation
becomes easy. This two-phase mjxturg Is known as ‘fluidised

sofigs .27 h ' ' |

(a) Handlin_g of liquids : 'l__"ransportatio_n of _m'at.éria'ls such as sol- -

Duringif the handling process, the behaviour of liquids chang®s
transiently.  Such changes have profound influence on heat transfer

process, energy losses during p.umping;,*;'ene’tgy-.chango%.__in__’_pumping etc.
Thercfore, fluid flow is treated independently, - el T -
Flow of fluids is involved in a number of areas of pharmaceutical
industries. Some of them are; . * A
. . | : G + W '- | - Gy |
Passing of reactanis (liguids Or gascs) into the reaction system. -
Transferring of air, nutrient broth into the termenter. ’
Bottling of liquid (dosage forms) medicaments into suitable containers.
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Transporting of sterile air and sterile water in the production of parenterals. - B SR e .
Mixing of solids and liquids in case of suspensions. Let the cross-sectiomof the:column be'S metre square and is uniform
Packine of semisolids in containers.

from top to bottom. The force (further pressure) acting on the liquid at

| [
=il o el oae Ty S TS S ey T A - S Al SO ol III |

The nature of flow influences the type of cquipment used for han { different levels of the liquid column can be determined. The forces
. " B ' , | 8 ' zontal components) of the point | are
dling. Flow characteristics through pipes and channels are relevant, At 1 (nc\\tollll) aa;ln? c:jn c.?-;h Sfldc (hG: ncw?ons aftm bc)low andpabove 1hei
the same time, the measurement of ratc of flow iIs necessary for the RERLLY. puih lle d g SPnee | 8
quantification of additives (reactants) into a process. . point | "are. cvajiipje: i
The subject of fluid flow can be divided into fluid statics and {luid Force acting on the _ force on the surface + force exerted by (N
dynamics. - | liquid at point 1 the liquid above the pomt 1 _
- Fluid statics deals with fluids at rest in equilibrium. ] g s :
~ Fluid dvnamics deals with fluids in motion. | Substituting the force with pressure x area Of cross section (S5) In
| | | | .equation (1) gives: |
| FLUID STATICS ,_ Pressure at point 1 (Pressure on the surface x surface area) 2)
" Fluid statics deals with the fluids at rest in equilibrium. The behav- x surface area + (mass x acceleration)

iour of a liquid at rest, the nature of pressure it exerts and the variation
of pressure at different layers in the liquid are some of the relevant |
aspects in the pharmaceutical engineering. '

P;S‘ = PgS + volume x density X acceleration due to grawty
= PSS + height x area x dcns:ty X
acceleratlon due to gravity

Pressure Difference Between Layers of Liquids . _ s P,S Ps.S 3 }:JSpér ' , ad <2 o )

+ . Consider a column of liquid as shown in ‘Figure 2-1(a). . Two | D
openings are provided to the wall of the vessel at different heights. The  § ' Since cross sectional surface e s same equation (3) may be
rate of f'low from these openings is different (Figure 2-1a). This 1s due written as: ' N A et 40

“to the differences in the pressures exerted at different heights. This | - 3 f’; . P + hmg bt R
behaviour can be quantitatively expressed as lollows. ‘%nmxlarly, the prcssurc actmL on the liquid at point 2 may be written

Consider a stationary column of luid as shown in [Figure 2 -I(b). The as: ' .
pressure Pg pascals is acting on the surface of the fluid. The stationary | pi?ﬂ_i.t Py+ hopg ' | (5
column s mmntatmd at constant pressurc by dpplwng, pressure. 7 -
¢ pascals at point A. , - . The d}ﬂ"erencc in the pressurc may be obtained by subtractmg equa-*.

tlon (4) from equation (5) as:

- ﬁ . Pa-—-P;—-g(P +th)- (Py + hip)g
' - = (Py + hyp - Ps— hip)g
AP = (h) et h;)pg o el
= Ahpg ﬁ ki : ~ (6)

‘Therefore, the pressure difference (4P pascals) between any two
points can be measured by the distance between those points in a fluid.
If the density of fluid (p kilogram per metre cubg) varies with variation

- of pressure, an average density could be used. The variation in densities
is quite negligible for hqu:ds and gases. Since the difference in the

heights (Ah metre) is necessary for the measurement, height can be
measured from the bottom of the stationary column.

Figure 2-1. Hydrostatic pressure observed
at ditTerent layers of a stationary coivmn.
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Applfcations : The principle of fluid statics is'employ'ed in the

working of manometers. [n such cases, the pressure difference (4P) is
measured in terms of difference in the heights. of the liquid column. It is
also applied for quantification of fluid flow as in Bernoulli’s theorem,

Manometers , | _
Manometers are the devices used for measuring the pressure differ-
ence. - Three different manometers are available. These are: '

l. Simple '
i 3 Differe'ntial
5. Inclined

-
L

The principles and applications of these manometers are discussed. in

the following sections. '

Simple manometer : This manometer is the most commonly used’
The construction of a simple manometer is shown in Figure 2-2. It
consists of a glass U tube filled with a liquid (A) of density, o,
kilogram per metre cube. Above liquid A, the arms are filled with liquid
B of density o, kilogram per metre cube. The liquids A and B are
immiscible and the interface can be secn clearly. o

If two different pressures are applied on the two arms, the meniscus
of liquid A will be higher in one arm than the other (Figure 2-2). Let
the pressure at point | is P; pascals in left hand-side of the limb. Let
the pressure at point 5 is P> pascals in the right hand-side of the limb.
trom the principles of fluid statics, the pressure at point 2 can be written

s ._ i 3 s L34
P P2
" 4 {

s A

Liquid | I

qui 1 m

quUId A

Figure 2-2. The construction of simple manomtter.

€
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Pressure at point 2 = Py + (m+R)pug ' (7)

where (Mt R) = distance irom points 3 to 4 + distance from points 4 to 5.

Since, points 2 and 5 are at the same level, the pressure at point 3

may be written as:

Pressure at point-3 = P, +i_(m+R)pBg' & - (8)

The pressure at point 4 can be written from the right hand-side of the

limb (from P») as: o il | ol | 4 e
o Pressure at point 4 = Py + gmpy . R (9) Z

In another manner, the pressure at point 4 can be written from point 3

(1.e.. from left hand-side) as:

- ' o oressyre.al pomt 4: Py + pg(m + R)g - pRg .. _'-'-(]0)

£ gt
" .'.‘t i

Equations (9).and (10) represént the pressure at po_int 4 only. Hence, '

these equations should be equal. This relationship may be'written__ as:

P,, +'.gp;}(;-n + R)_ - P{,R g ='ng +__gnlrpBﬂ |
P)-P = gmpp = Ppim + R)g + p‘_,Rg'
| AP = mpPpg — mpPpg — Rppg + RpAg S
AP = Rip;-Pplg (11)

The important conclusions drawn from equation (11) are:

(1) It is easy to measure R value (metres), i.e., the difference in the

#t

levels of liquid A in the two limbs. ‘

(2) The value AP pascals is independent of the value of m and also
the dimensions of the U, tube. o g - - -

“When wide ranges of _pressure are applied, the sens'i-tivi-,-ly of liquids

employed in the measurement is important. If the pressure differences
are large, mercury (high density, liquid A) can be used as manometric

liquid. If the pressure differences are small, liquids such as alcohol,
water (for gases) and carbon tetrachloride are used. i

 Applications: (1) Simple manometer helps in measuring the con-
sumption of gases in the chemical reactions. (2) Manometers are used in
conjunction with flow meters for the measurement of flow of fluids. For
example. venturi meter and orifice meter are used for the measurement
of pressure head using a manometer. Pitot tube measures the velocity
head using a manometer. . | '
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Differential manometers : Differential manometers find occasional Uh-2  FLOW DF FLUIY __ s b 5| |

| .
applications.  This manometer is suitable for measurement of small '

pressure differences. It is a sensitive device and useful for measuring
even small gas pressures (hcads)

Inclined manometers : Thcy havc limited applications and. there-
[fore, not discussed here. e |

The construction of a‘differential manometer is given in Figure 2-3.
The differential manometer is also known as fwo -fluid U-tubc manom-
efer. It contains two immiscible liquids A and B having ncarly same

"FLUID DYNAMICS

“Fluid d\ namics deals wllh the study of {luids in motlon

o

densities.  The U tube consists of enlarged chambers on both limbs. ‘%ludy of ﬂms. properties of liquids is important for pharmamsts
Hence. the meniscus of the liquid in these enlarged chambers does not working in the manufacture of dosage forins, such as simple liquids.
change appreciably with changes in the reading R. - eels. ointments, creams and pastes. - These systems change their flow
Usmb the principle of simple manometers. the pressure difference behaviour. when exposed to different stress conditions in the tollowmﬂ
(AP pascals) can be writlen as: ; g | . siluations. i
_ , AP = Py~ Py = R(op - P ay _ (l) Manufacture of dosage forms : Materials undergo processes
; “such as ml\mg flowing through pipes and getting filled in the
-~ Equation (12) mdu.ates that the stnaller the difference (pC- -0 the = @ containers. Flow I'Cldtt..d Lhanncs mﬂueme the selcctlon of
-* larger will be reading on the manometer- (R metres) for a given value of ' ml\mg. cqmpmcnt
ap.. o . i ey L , | - (=) ll.lmllm" of drugs fqr Jdmlmslrmwn The syri n@abilitv of
Micromanometers based on the liquid column principle are available ' the medicines, pouring of the liquids. extrusion of vintment from
: commercially.  They measure the reading with extreme precision and .-3.‘:. - - tubes- etc., depend on the chan"e«. In ﬂm'«. bt.hwmur' of dosag e
sensitivity.  These are free from errors due to capillarity and require no | '~ foritis,’ e '

calibration. apart from checking the micrometer scale. | - L PN s o '
| et - | Fhus, How behaviour of hiquids s of relevance in pharmacy.  Per-

tormance of .a product depends on the net eftect of all the above
mentioned processes.  Theretore, tlow properties are used as-important
quality .control tools to maintain the superiority of the pmduct and to
reduce the batch to batch variations.

-

' In general, enginecring of fluid How considers the nmcroscopic prop-
erties. The molecular level interactions are bevond the scope of this
book (Refer the book Physical Pharmaceutics by C V.S Submhmanyam
Vallabh Pml\a:han) L

0y

'\Iaturr. of Fluid Flms-—Rc)nolds E.tpcrlmcnt

The flow of Huid through a closed channel (pipeline) t.an  be either
viscous or turbulent. These can be observed in the L!.,mnc:'ll Reynold>
cxperiment. "

The assembly of the apparatus tor the Reynolds ﬂ:xpc.:rment 1S shm\ N
in Freure 2-4. | '

W
"Ir

A less tube 1s cc‘mm.a.l;.d to a reservoir of water as shown in rIL.Ul
2-4.  The rate of flow of water throunh the tube can be increased*o
decreased at will through a valve. A reservoir of coloured solution is
connected to one end of the glass tube with the “help of nozzle(s).
Therefore. coloured solution can be introduced into the glass, tube as a

r

. Liquid A

Figure 2-3. Construction of a differential manometer.

1: !"'II 2
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fine stream. From this experimental setup, the following obscrvations
may be made and conclusions can be drawn.

(a) When the velocity of water is low, the thread of coloured water
maintains its identity throughout the tube. By introducing similar jets of
coloured water at different points in the cross section of the glass tube, i

can be noted that no part of the tube exhibits the signs of mixing. ln
other words, the colour streams are scen as parallel lines. The flow of

water is considgred to be viscous or streamline or laminar.

o

Coloured
water

Coloured " Glass
- bquid jet tube

(a) Laminar or viscous flow.

(b) Turbulent flow.

Figure 2-4. The assembly of the appnratus-oi‘ the ,Rcynold’s expcrimem.

A laminar flow is one in which the fluid particles move m layers or
laminar with one layer .sl:dmg over the other. Therefore, there is no
exchange of fluid pamclcs from one layer to the other. Hence, 1ransfcr
of lateral momentum to the adjacent lavers is not observed.

(b) When Ihe vclocxty of water is 1'ncrcased (by mereasmb the flow
rate), the threads of coloured water disappear and the cntire mass of
water gets uniformly coloured. It indicates complete mixing of solution.
Then, the flow of water is considered to be rur bulent.-

;
v

Ch-2 FLOW OF FLUIDS - 33

When the ﬂow attains a certain velocity, it no longer remains
steady and eddy currents appear. All the fluid particles- are dxsturoed

- and get mixed up with cach other. Thus, there is a contmuous transfer

of momentum to adjacent la.) ers Such 4q dlffuscd ﬂow IS called mrbu-
lent flow. - | - | -

(<) The ehanm, over of‘ the ﬂow trom viscous to turbulcnt is a
critical factor. | §ig A _

Critical velncuy 1S deﬁned as average velocnty oF any ﬂuxd at whlch

viscous flow changes into turbulent flow.

Reynolds number : In Reynolds e).perlment the ﬂow COI‘IdlthHS are
affected by four factors. e
Diameter of pipe, m (D)
. Average velocity, m/s (1) .
Density of liquid, kg/m> (o) -
Viscosity of the fluid, Pa's (1)

These factors are grouped into"a partlcular expressxon as given
below. . - LA RET t

- Dup P
Rr..ynold.s mzmber Re=—— 7 (13)

| L .
Reynolds nuinber is obtamed by the following equatlan

i " mass x acceleration
- L S e forces of.ll_qu__td flowing
Reynolds number, R¢ = —m——- = e
. - vistous forces “shear stress x area

[nertial FOTCLS are due to mass and 'the velocxty of the ﬂuxd particles
trying to diffuse the fluid particles. The viscous force is the frictiohal
force dute to the v1seosnty of fluid, which makes the motion of fluid in

A

Therefore at low velocities the inertial 'fercei'are less when com-
pared to the fnctlonal forces caused by the viscosity. The resulting flow
‘will be viscous in nature e the partlcles move in parallel layers. For
this reason, laminar flow is scmztimes known as viscous. On the other
hand, when in¢itial forces are predommant the fluid layers break up due

to the increase In vcloc1ty, hence, turbulent ﬂow takes place

It 1s a dimensionless group, because the umts of fac*tors mutually get

~ cancelled. If Re <2000, the flow is said to be laminar and if Re > 4000,

the flow is said to be turbulent. If Re lies between 2000 to 4000, the
flow changes from laminar to turbulent. . . ‘
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Apphcanons (I) Reynolds number is used to predict the nature of
ﬂow (viscous or turbulent) in a parttcular set of expenmental conditions.
(2) The physical stability of suspensions (or emulsions) depends on-the
rate of settling of pamcles (or globules). For the study of sedimentation
of particles, Stokes’ law is used. In this study, rate of sedimentation of
particles must not be too rapid to create turbulence. Therefore, type of
flow (whether laminar or turbulent) is important. Accordingly Stokes’
equation is modified to include Reynolds number. (3) The rate of heat

transfer in liquids also dcpends on the ﬂm\ u.hether viscous or turbu-
lent. | ' '

Vartatton in the Velocity of Flow Across the Cross- Sectton

When the local velocity of the fluid is plotted against distance from
the wall (Figure 2-5), the followmg conclusmns can be drawn.

— The flow of fluid iIn the mlddle of the ptpc is faster than the

- fluid nearer to the wall.

- The velecuy of fluid approaches zero as the pipe-wall 1s

approached.

-~ At the actual surface of the ptpe-wall the velocity of the fluid is
Zero.

- Since variations ‘are observed in velocity of flow across the cross
section, there should be some means of estima‘ting average velocity.

~ In viscous condmons the average velocn) over the whole cross
- sectton is 0.5 times the maximum. -- o

— In turbulent flow, the average velocnty over the whole cross

SCCUOH 1s 0. 3 ttmes the maxtmum..

Pipe w_all -
; =i a—_— Turbulent
’ e, flow
33
s
- § R o :
e
- 2 Viscous
& ;c‘.t | ﬂew
S Pipe wall

: u'/umax

Flgure 2-5. Distribution of ﬂtud veloc:ttes
across the cross section of a pipe

Y
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— Since the velocity of the fluid 1s zero at the wall surface, there *

should be somc layers in viscous.flow near the plpc-wall which '
acts as a stagnant layer. . |

— Even if the flow 1s turl:{:}uﬂlent at the centre (of the ptpe) aud

viscous at.the surface of the wall, a buffer layer exnsts

~ A gradual transition from one region to another, there exists a

boundary layer which is known as buffer Iayer* This” buffer __
layer ost:1llates between viscous flow and tulbulent How.

i must be emphastzed that boundar) layer can never be climinated.
Increasing the velocity of the fluid over the surface will reduce the
thickness of the layer, but it will be never eliminated entirely.

Applications : (1) Though the general principles arc mentioned
above, - considerable variation in velocity distribution may be possible
with changes In roughness dircction, temperature or-cross section of the

‘pipe. Due to these reasons, the shape of curves may be changed.

(2) The nature of flow of liquids in pipes determines the rate of heat
transfer. The buffer layer in turbulent flow and stagnant layer in viscous

flow offer resistance to heat transfer. Futther dtscussmn on rate of heat

' transﬁ,r 1s dealt in Chapter 5 ‘Flow of Heat'.

BERNOULLI’S THEOREM

When the principle of conservation of encrgy is applied to the flow
of fluids. the resulting equation is called Bernoulli’s theorem.

Pumps generally supply cnergy for conveying liquids from ¢ one point ;
to another. Consider such a pump working under isothermal condtttons |
between points A and B, as shown in Figure 2-6.

Bernoulli's theorem states that in a steady state, ideal flow of an
int.ompressiblc fluid, the total energy per unit mass, which consists of
pressure cnergy, kinetic energy and datum energy, at any pomt of the,

{luid 1s. constant.

At point A, onc kilogram (umt mass) of hqu:d ts assumed to be

cntering. At this point, liquid experiences pressure energy, kmctlc
cnergy and potential energy, which are obtained as follows

Since liquid is flowing through the pipe at certain pressure pressure
cnergy 1n joules may be written as: o < 0

P

;]"_1

Pressure energy == ———_

| :_:¥_ “(14)
$PA ' |

-.:!-‘:3‘ ﬂ'
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_ whe'ri:_fﬁ’;-f”= 'Pressdre _at"point' A, Pa '
- g = acceleration due to gravity., m/s
&7 denszty of the liquid , kg/m3

Porennal energy (datum energy) of a body S def' ned as the energy
possessed by the body by virtue of its position or configuration. The
point A is cons:dered at a height of X, metres above the hor:zontal

_datum plane. The potentlal energy f'or one kllog,ram of hquxd may be
written as: |

Potential energy = X | ' (15)
Initial state. .~ 60 6 R ~ Final state
Kinebc UBZ - | Pressur&_ PB
2 Pg9
UA b
Kmetlc ener B e
_ . GY _2g
PA

Pressure energy e
il

Pump head, W

Frictional energy = F

l ' | 'Herizenht-al datum | |
Petenhal energy = X, Potentlal energy XB
F:gure 2-6. Develepment of Berneu!h S theorem

Kmerzc energy of a body is defined as the energy possessed by the

body by virtue of its motion. Since liquid is under motion, the velocity
- of liquid may be deSIgnated as u, metre per second at point A. The

Kinetic energy may -be eXpressed as:
. _ gl S
A |
Kmet:c energy = —— W Rl L (16)
28 |

M The fota] energy at pomt A may be summarised by comblmng
equatlons (14), (15) and (16) as:

Total energy = pressure energy + potentlal energy + Kinetic energy

Ch-2 FLOW OF FLUIDS o .

Pl ‘H‘,f'?
f r;m! energy al point »4 = e+ Ay A ——— (17)

According to Bernoulli’s thcorem the total energy at pomt A is

~eonstant. Therefore, equation (17) is:

| PA HAz
T(Jf(!-f cnergy al po;n{ g =, s ‘YA 4

8Py 24::

After lhe Y stem reaches the steady state whenever one Kilogram of
liquid eniers-at point A, another kilogram of liquid leaves at point B.

Therefore, energy content of one kilogram liquid that is bemg dlsplaced
at point B may be written (Bemou!h s theorem) as:

= constant (1)

. ; | | A
- Mg i
Yfﬁml energy at pmm B=c—+ g+ o= constam (19)

&g 28 7

“where Xp = height from the datum 10 the plpe m ;

u;; = velocity at poml B, m/s ¥
" Py = pressure at point B, Pa

Py = density at point DBj dp/m?>

3"‘“

If there is no gain or loss of eneig,)f Ihe prmc:ple of conscrvallon ) R
energy may be applied 1o the two points A and B. 5o -

INPUT = OUT PUT

“Total energy at point A = Total encrgy at point B

a

s § B st o ey g e (0)

Theoretically all kinds of ellergies involved in fluid flow should be
accounted. In the .transportation of fluid, the pump has added certain
amount of energy, Wl'lICh can be written as:

Enw&y added by the pump ol Y8 ) 2 O e (Zl)

Dunm, lhe uansPortanon of Ilqu:d some energy 1S LOIWLI‘lCd 1o heat

due to frictional forces and it is inevitable. The encrgy loss may be
written as; |

o dnn

Loss of energy due 1o friction in the line = 'F -J s {=2)

The cenergy balance between points A and B can be accounted b)

including equations (21) and (22) in equation (20). This complete
cquation representing such energy may be written as: eahiy
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P‘.[ . I!.,‘? il ' PB . HBZ

"—'"" ¥ ..r\‘,[l : - F + V= e 4 \fB + (23)
B B 7 PO 28

Cquation (23) is called Bernoulli’s equation. Bernoulli’s theorem.
avthough derived here over two ends of a system, it 1s applicable
bctm,t.n any two points in a system.  © VTR e

[’qumon (23) 18 numencallv correct. But it 1s not correct theoreti-
cally, since cach of the terms in equation {23) is actually energy term
and should be measured in the units.of joules per unit mass. In practice,
these terms are always referred as the heights and often measmt..d In
terms of height of a column of liquid. |

Apphcatm_ns. (1) Bernoulli’s theorem ts applied in the measurement
of the rate of fluid flow using orifice meter, venturi meter etc.

(2) Bernoulli’s. thecorem ‘is applied in the working of centrifugal
- pumps. In these pumps, the Kinetic energy is converted into pressure
head, which helps in pumping the liquids. '

(3) It is casy to measure heights and apply them as energy terms,
which is a contribution of Bernoulli’s theorem.

Concept of Head (Pressure Hca-’d) -
The terms in Bernoulli's equation represent energy and supposed to

have the units of energy. But numerically these terms give the units of

metre. Therefore, energy terms can be measured in the units of metre,
which is a unit of height. Hence these terms are known as heads.

The pressure head is defined as the height of a column of liquid of
-l\nown density, which is numencaﬂy cequal to pressure energy term.

Ihe units of height can be ‘obtained bv considering the pressura
energy term, l.e. equation (14) i .
' Py H pfessure

Pressure energy = —+ s - b it e Al
0 gP4 acceleration due to gr'mty X dcnszty

Lons:der the umts for equation (14)
SRR w

i erm iy . il .

m*  (m/s?)  (kg/m?)

I

Pressure energy

NI x s2 x m>  Nes? ’ -
— = — 14 24)
2 xmx kg kg |

I

J—I'-‘
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But N (newton) = kg m/s Substituting this term 1n c_:q_u'ation (24)

gives: _ _ T el
kg % n x s? |
Pressure energy =. - et S Y

s? x kg

Thus, pressure energy is;da metre, i.c., as a height. Therefore, the
height is teriired as head in the discussion of hydraulics.: Hence, pressure
cnergy 1s called pressure head: -

In an analogous manner, there are dltTucnt h:.,ads* in thc Bernoulli's
Lquatlon (18) namely: =~ |
potemial hca*ds' )
velocity heads (17/2¢)
pressure heads (£/gp)

Similarly, Fis known as friction head and I is the head lhat Is added
by the pump. ' '

ENERGY LOSSES °

Bernoulli’s equation includes ‘the term ‘loss of energy’ in the pipe.
According to law of conservdtion of energy. energy balances have to be
properly accounted. Therefore, 1t 1s necessary: to calculatt. the cnergy

losses. Fluids experience energy losses in: several ways ‘while ﬂowmg
through a plpt.. Some of them are: '

| Fnction losses

2. Losses in fittings

5. Enlargement losses
4. Contraction Losses

These are discussed in the following sections.

Friction Lossecs

- During the flow of fluids, frictional forces causc a loss In_pressure
(AP pascals) The fluid flow can be either wscous or turbulcnt which
also influences the lo:,ses In },eneral the pressurc drop (APJ) due to
. friction in a fluid is: |
~ directly proportlonal to the velocnty of'thc ﬂund (©), m/s
— directly proportional to the density of the fluid (p), kg/m3
- directly proportional to the length of the pipe (L), m |
- inversely proportional to the diameter of the Lpipe (D), m

These rclatxonshnps are proposed in Fannmg equanon for calculatmg

the friction losses, 1rrc:5pcctwe of the nature of ﬂow (wscous or turbu—
lent). '

4
-y
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. ) 21°Lp _
- Ianning equation: APy = —— — . (25)
(viscous or turbulent) I
where [ ="friction factor e 24

APr.= pressure drop, Pa:

Equation (25) considers the friction losses when the fluid is passing
through a straight pipe. The value of f depends on: 3
# — Nature of flow of the fluid (turbulent or viscous).
- Roughness of the inner surface of the.pipe. The roughness
- factors for some conditions of pipes are given below.

Condition of pipe Rouglness factor
Smooth btass, copper or lead pipe - 0.6
g : ‘New steel or cast-iron pipe /il 1.0
Old steel pipe . 1.6
Badly rusted cast-iron pipe - j R

The numerical values reported in the above table give a“rough

estimate of the magnitude of the effect, which contributes to the friction

factors. Frictional loss can be reduced by the addition of soluble, high
~molecular weight polymers in low concentrations. i *

In practice, fluids are rarely ‘handled in viscous flow. For viscous
flow. Hagen-Poiscuille equation could be employed for calculating the
pressure drop due to friction.

" 32Lun
Hagen-Poiscuille equation; AP = ~-——-- - (20)

(viscous flow) | D’

where . n = \'fi%c'osity of the liquid, Pa-s
' APr= pressure drop, Pa

-\-\" -

If the viscosity __(z])'is known, Hagen-Poiscuille’s equation permits the

calculation of pressure drop due to {friction. However, equation (20) is

normally used to calculate the viscosity, by experimentally estimating

Friction losses are permanent, since potential and kinetic energies are

converted into heat.

Losses in Fittings

(Figure' 2-7). For a liquid passing through a straight pipe, Fanning

Normally, a large number of fittings are included in a pipeline

Ch-2  FLOW OF FLUIDS 41

cquation is applicable for the losses. When fittings are .ixl.tr,bduééd Into a
straight pipe, they cause disturbances in the flow, which results in

additional loss of energy. It is difficult to specify the loss:due to each
type. because of varying types of fittings.

i " Losses in fittings may be due to

- change in direction, for example elbow fittings,

~ — change in the types of fittings, for example. coupling, union,
1 valve or meter. : ’ |

! Lasses in fittings, by convention, is expressed in Jtérms'_of an equiva-

lent length of straight pipe, which is given as a certain number of pipe
_diameters. At o . . 5 B .

. Elbow 90 fitting
Equivalent length: 32 U e

Tee fitting .+ i)
Equivalent length: 90

.. Coupling fitting

: . - Globe valve coupli_ng:-a' (Gt
Equivalent [ength: negligible

Equivalent length: 300 .

, - “Figure 2-7. Friction losses in fittings of a new screwed pipe.

Lquivalent lengths for a few.screwed fittin
2-7. For example, a globe valve is
diameter of 50 millimetres.

300. Then, .

gs are shown in Figure
fitted in a pipeline having an internal
Globe valve has an equivalent length of

Equivalent .length of this fitting = 300 x 50 = 15000 mmorlSOm -

. That means the contribution of a globe valve is equivaléni to 15
metres ‘of a straight pipe towards the losses. This length is added to the

! straight section of ithe pipe and substituted in the Fanni_ng equation (25)

lo obtain energy losses due to fittings.
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Enlargement Losses
[f the cross section of the pipe enlarges gradually, the fluid adapts

itsélf to the changed scction without any dlslurbance Thcrcfo: there is

no loss of energy at this point. 1 e g
Eddies

Uy

%

(a) Gradual énlargement
No loss of energy

(b) Sudden enlargement
Loss of energy

[f the cross section _of the pipe changes suddenly, loss of energy is
observed due to eddies. These arc greater at this point than straight
pipe. Due to these disturbances, the loss of head will be obscrved. In
sudden enlargement, the velocity. of flow at larger cross-section 1s less
than the velocity at smaller cross-section, i.e., u> < u;. For sudden

enlargement, the loss 1s represented by:

(g = up)*

' -
Sudden enlargement losses: AH, = ————m— (A1)

28
where' /JHL. = [oss of head due to sudden enlargement, m.

Contractton Losses

[f the cross section of the pipe is reduced suddenly, the ﬂutd flow 1s
dlSlUlde Normally, the diameter of the fluid stream would be less than

“the initial value of the diameter. This point of minimum cross section is

known as vena contracta. The velocity of fluid at smaller cross-section
will be far greater than that at larger cross-scction, t.e., uy > u;. Then,
Uy may be considered negligible. The losses due to additiona_l-- eddying
are obsuvcd Such contraction losses can be expressed as:

i - _ ; - Kuy

gl S Sudden contruction losses: AH. = .._5..._. (28)

| .where AH = 10ss In head due to sudden contractlon m

.. K = constant
~up = velocity, /s

Vena contracta

‘Vena contracta

S

(b) Suddevn contraction
Loss of energy

" (a) Gradfxall_ contraction
No'loss of energy

Ch:2 FLOW OF 1-'1 Um';' ' 43

The constant A depcnds on the relative areas of two sections. For
cxample.  when the ratio of the ‘areas is 0.5, K is equal to 0.3. For

rounded entrance. X value for turbulent flow is about 0.04. For laminar
[low. the loss is ncgligible. |

MEASUREMENT OF RATE OF FLOW OF FLUIDS

Whenever tuids are used in a process, it is neccs'sary to measure the
rate at which the fluid is flowing lhrough the pipe. This is required for
optimization of process parameters in a chemical ‘industry. Mcasure-
ments are required for the calculation of aud:tmg, (for example, town

planning of water supply) and cost of usage (for example, cost of water
used in the houses). Methods of measurement may be classified as:

l. Dircct weighing or measuring
2. Hydrodynamic. methods po il ’ :
(a) Orifice meter
(b) Venturi meter
(c) Pitot tube
(d) Rotameter

3. Direct displacement meter

Some of the above mentioned meters are dlS(..U‘?-S(:d in the followmg
sectlons ‘ |

Dlrcct Wmﬂhmg or Mcasurnng Mcters s

“The liquid flowing through a pipe is colicctnd tor a p'lrtxcuhr period
'u any point and weighed or mcnsurt,d Thus rate ot’ Nlow™¢ can be

determined. Gases cannot be wcu:,hed On commerc:al sualc, it is not
convenient to weigh the liqUIdS Tht.refore thesé’ methods are xmpractl-

cable

‘ I u =L : E_ " i- ; r i . .. 3 | ;.
Orifice Me T el gt v Bk
rllce efer  THRRD T DAL A0 B8 B

]

Principle : The orificeunster is a thin plate contammg a narrow and '
sharp apertare. When a fluid stream is suddenly allowed to pass throygh
the narrow constriction, the velocity of the fluid at the orifice meter
Increases compared to the vclocxty of the fluid in-the upstream. This

results in corresponding decrease in the pressure head. Bernoulli’s
theorem provides the basis for correlating the increase in the velocity

head with the decrease in the pressure head between two points. The

difference in the pressure head (AH) may be read from a manometer. If
the diameter of the orifice is small compared to the diameter of the pipe,

velocity of thc fluid at the point before entering the orifice may be

f
w
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cbnsidci'cdJncgligiblc. In such cases the manometer reading directly
gives the velocity of the fluid.

-

The velocity of the fluid at the thin constriction may be written as:

wy = CoN2@.8H o %o (29)

~ where ‘zk(,.- = velocity of fluid at the point of orifice meter, m/s
', = a constant |
AH = difference in head from manometer, m

. The AH can be nwdsurcd'using a manornctcr,"\#hi.ch 1S cqnnectcd to
the pipe section between the initial stage and the orlﬁce‘ section. I} can
be substituted in equation (29) in order to gcl'thc vclocyty- Ql }hc hqund
flowing through the orifice. When cr(iss-secuo‘n of l_hc pipe is Known,
the volume of the liquid flowing per hour can be determined.

Construction : The orifice meter is considered to be a thin plate

containing a sharp aperture through which'a fluid flows. Normally,

orifice plate is placed between long straight pipcs, so that (?lh.cr ﬁtti.ngs
do not alter the flow rate that is being measured. Although 1t S pOSSfble
to place orifice meter in the side or botlo'm.. for the presem dlscusslor:n,j
the plate is introduced into the pipe (Frg'urc 2-8). ~ A manometer 1s
connected at points A and B as shown in Figure 2-8.

' Working : Orifice meter is referred to as variable head meter, ie., it

measures the variation in the pressures across a fixed constriction placed
in the path of flow consisting of a constant arca.

When fluid stream is allowed to pass through the cross-section of the

orifice, the velocity of fluid at point B increases at the expense of

pressure head. As a result, the pressure at point A is higher than at point

B. Bernoulli’s equation provides the basis for correlating the increase in - .

velocity head with the decrease in pressure head. The differcnce in
pressure (AH metres) may be read from a manometer, connccted to the
points A and B as shown in Figure 2-8.°

.Be.rn_oﬁulfli’-"s equation?:ﬁay be ap'plied for two points (A and B) for the
given ekpcrimental conditions, as given bellow: '

_. \IHO‘? - u;,: oy CO \ngﬁff I | _ (30)

where w, = velocity of fluid at the point of orifice meter, m/s

1y = velocity of fluid at the point A, i.c., before orifice meter, m/s

- Cy, = a constant
AH = difference in head, m

=

i at a certain velocity (ir;). If the ed

| ‘ - tres) of the points A and B are sams

v

. | * | | r
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¢ Onfice plate

Ao 4 b “e4—[p3 . ‘Downstream

Vena contracta

--“

I R

i

SN

QNN

?
Dot/ et e e,
4’/// Mého_metér i 9

| - Figure 2-8. Construction and asscinbly of orifice meter.
If the diameter of the orifice is 1/5th o
s small compared’ to u,,..

equation (30) becomes: -

f the pipe diameter or less, 1,
Then, u,; term may be neglected. Then

1, M0 = CﬁoV2g.;\H |

"AH can be measured using a manometer. It can be substituted in
equation (29) in order to get the velocity of liquid flowing through
orifice pipe. When cross.section of the pipe is known, the volume of
liquid flowing per hour can be directly determined. = '

(29)

. Mathematical treatment : Consider a fluid flowing through a pipe
| ge of orifice is sharp, fluid does not @
sing through' the orifice. Two points
ce meter are‘choéen‘-arid_- Bernoulli’s

lose the velocity at once, while pas
A and B on either side of the orifi

[ equation is applied. The Bernoulli’s equation is: ¢
. SRR L AR R '

~ In equation (23), the following assumptions maybc made based on
the working of orifice meter (Figure 2-8). '

(1) Let the sections of pipe be horizontal, so that the heights (me-
. (Figure 2-8) ._Then.{ two X
terms are identical ‘and get cancelled.” = = - "

| \ oS TR
ppreciable and considered
neghaible. Then, F term becomes zero.

(2) Let the friction losses will not be 1

&

Y,
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If the diameter of the orifice is 1/5th of the pipe diameter or less, u 4

" 1s small compared to u,. Then, Uy lerm may be ncglectcd. Then
cquation (30) becomes: &l "N |

(3) 'th fluid flowing through the orifice 1s the same. ]hClCi(‘)I’L o
is equal to gy, and can be termed simply p. -

(4) No work is being donc on the hqutd or.by lhc hqmd SINCC no
pump is used. Therefore, w term is L(]ll"ll o zcro.

. e Uy =C «qu LN

where " 1, = velocity of ﬂuld at the pomt of oriﬂLe meler m/s
- (', = a constant ,
Al = difference in head, m '

Substituting these- lcnms in Lquauon (73) g,wus al Lquatmn which
can be rearranged as l()llows | .

_ i .-“__.... | 3

IS ST Tt ——- T , | %
gp' T Rg gy 128 Alf can be measured in metre usmg a manometer. It can be substl-
% 5 ] tuted in cquation (29) to get the velocity of liquid ﬂowmg through
i _”{ Y = A (p! # PB) “orifice pipe. When cross-section of the pipe is knawn the volumc of
2;; ep liquid flowing per hour can be dlrectly determined. " gl g
; s, <8 Ve P ' ' (1) Applications : Equation (30) is useful to determine:
W = ‘e 3 X . .] ! B/, 9 2 | ‘ _kf'z‘-' - L N Fatey g e O : i
B L iR . R (1} velocity at either of the points A or.B. Ratio of 1, and u, can
dis Tyl R g s 1 : - be related to ratio of the area ot the orifice to the area of the -
1g” '---_ll_zf,-,-? = —— AP PURCTRNI & pipe, which is normally known. et
i ¥ i | -3p | i (2) volume of the liquid ﬂowmg per hour when 1, and cross-sectlon
~ From the pfi_nci'PlcS of statics, (,_IP qp) AH | in me lrc.s. lmroduculng . of the pipe are known.

this term in equation (32) gives:
113‘? - Ug” = 28.AH

Venturi Meter

g7

-—-

«Joq/_m SRV T TR )

., . Principle : Venturi meter consists of two tapercdsections in the
pipcline with a gradual constriction (thrmt) at its centre. When fluid
stream is allowed to pass through the narrow throat, the ve]ocxty of the
fluld increases at the venturi compared to the velocxty of the upstream.
This results in corresponding decrease in the pressure head Bernoulli’s
theorem provides the basis for correlating the increase in the \felocny
head with the decrease in the pressure head between two points. The

—difference in the pressure head (4H) may beread from a manometer. If
the diameter of the venturi is 'small compared to the diameter 0ftl1geplpe,

velocity of the fluid at the point before entering the venturi may be

considered negligible. In such cases, the manomzler rcadmg dlrectly_
gives the velocity of the flyid. N :

i 1432 77 u,,

‘Normally, the diameter of th:—., ﬂuud stream would bc. less than the
diameter of the orifice (Figure 2-8). This point of minimum cross
' section is known as the venu mn!rac!a Though the pipe is full ofllqmd

'on both SldCS of the orif'ch, stlll the vena contracta. €xists 'md
'surrounded b)* swirling hquxd Pmm Bis chosen at the vena comrac m

In pmcmc the diameter of the streami at the vena conlracla IS nol
l\nm\.n but that. of the orifice diametcer 1s known. A constant, C,. is.
therefore. included in equation (33) in order to correct the differences
between velocities at ortfice and at vena contracta. Therefore. equation
(33) may be nmdmed in terms of the v a.louw through the orifice ().

"";t;j .'"-I : | ( 0 Y ; . 3 (30)

The velocity of the fluid at the. narrow conqlnrctmn (1hroat) may be

' . written as:
Thc constant (', , also mdudua SOMC losscs duc 10 ﬁu.,uon It depends |

on the Lonslmmon (r'mo of the orifice diameter 1o the pipe diameter and j o™ (C 1,\42{3 ks '_ A (34)
position of the orifice t'lps) and the nature of flow of liquid (Reynolds ° where' 1, = velocﬂy ” the throat of the venturi, m/s ot .
number). | | ; C, = coefficient of the venturi meter : -‘;‘-', £ i

AH = difference in head from manometer, m

fi
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—a)
AH can be measured using a manometer. It can be substituted in i | f”V w2 = C ( YT AR gy ik (35)
equatlon (34) in order to get the velocity of thc liquid flowing through y . i o R 1hroa'l ofthc‘ P m/f Bh e e
the venturi. When the cross-section of the pipe is known the volume of K where  ny, . \‘i ocny ¢ thn s : B .
110 kour can be R ot , i _ g = velocity at point A (venturi throat), m/s
liquid flowing per hou - . f (", = cocfficient (= 0.98) _
: ion : tapered sections . | ‘
: Consfrucuo.n My, Ventutl, ety COHSIStS oF lvg dpbt finsad - If the d:mmlcr of the smaller, scction is one- i'ﬂh oftlu. pipc diameter
inserted in a pipeline (Figure 2-9). Normally, venturi me Ier nsl P ‘;]C * 3 . or less, u ? is zonsidered to bc ‘small compared to uv . Therefore, rAz
. : L] ’ .: Fd : ;
between long straight pipes, so that other fittings will not alter the flow oy e
: 1 rm may be disre axdcd A simplificd form of ¢ uatxon .::5 Is:
rate that is being measured. The upstream cone is normally shorter than ikl Y 'L-‘ P q ( ) _ "
the down stream. The tapers are smooth and gradual. Therefore, cddies | | _ e | ='Cy (——. Fetviel wipd (34),
in the down stream are absent and no power loss is obsuved In = . : _ W
“addition. the cross-section of the high velocity part of the stream 1s well | The difference in PTCTSUTC (riiffl)] Ci’hﬂ bc Fcadbm metres dlfcc;‘)’ frc])m
defined. A manometer is connecled at points A and B as shown in | : the manometer. Thus velocity of the flow may be measurcd. The valuc
Fioure 2-9. - : given by the venturi meter is average \'elocny of the flow. The vclocnty
' | e ' | ; g f then decreases and the original pressure is recovered i m ‘the down stream
Velocity head increased —
Pressure head decreased | A j ,,
gk g | Outlet _ Applications : Venturi meter is commonly used for liquids, cspe-
I:_t.ﬂ Shortd | section . cially -water. [t can also be used for the measurcment ot gases.
section tapere . -
section Throat of - : ' Disadvantages : (1) Venturi meter is expensive. {2) 'Vcnturi meter
' ' ventuni T - - P
| [___'J--1 ) . . occupics ‘more space. (3) The ratio of throat diameter to pipe diameter
4 a il - e | cannot be changed. £
A =->e o Gomnn . ek e " , .
—- o - it 105, TABIE 2oLz tals o s sars o
AL R ¢ Lor?g t’a-pe’réd' LS ' D:ffcrcnces Between Orifice Meter and Venturl Meéter
TR (1) Cheap ERL R LI Expensive K .
i é v (2) Lasy to install " “Fabrication is highly‘technica
- ' _ | : . .
% . *7 ‘ ' SR - (3)-Construction can be made 1t should be purchased from the
7" " Ma.ometer g - at home oif ~instrument dealer o
Figu're 2-9. thétructian'of a vcntufi meler. 3 . (4) lead losses arc murc | iz Head losscs are insi.gni'ﬁcunl-_ |
Workmg Venturi meter is referred to as variable head meter, i.e.; it (5) Power losses are more particularly — Power losses ars. |
| on fluid that 1s carried fur long | B e g
triction | - - T
measures the variable differential pressure across a fixed constric ncridds b Wine _ . 0 A
placcd in the path of flow consisting of a constant area. In a venturi ' b Wi s o R S A o
_ : ormally used for testing purposcs, sed in on-hine mstatlation
meter, the velocity of the ﬂl.lld is increased at the throat, due to“the b . L _ st s ot
or example. stcam lines cle.,
constriction. This results in decreased pressure in the up-stream cone. 1 y St | o ; _ oS+ iy A A
The pressure drop in the upstream cone is utilised to measure the rate of ¢ e i (ll't!'ﬂlcr Hexibility Not flexible, permanent :
flow using a manometer. Venturi meter nearly confirms the theoretical | (8) Reading of the orifice meter ~The rcadi'ng of venturi meter is
equations obtained for an orifice meter. On similar lines of equatlon 1s farger undr...r identical 1 comparatively smaller under

. " < % ;I . _ . s iy ly
(30), an equation for venturt meter may be written as: conditions . , identical conditions®

| T N —_—— ; — .III I ' *.“-_I—-.“W
|

&
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D:fferencee between orifice and venturi meters: The dlffLanCts
between orifice and venturi meters are explained in Table 2-1.

Pitot Tube

Principle .: Pitot tubc consists of a sensing element with a small

constriction compared to the size of the flow channel. When the sensing
~element is inscrted at the centre of the stream, the velocity of flow is
increased. This results in decreased pressure head. Tube at right angles

to the flow measures pressure head only. The tube that pomted upstream

measures pressure head and velocity head. The difterence in the above
readings indicates the velocity head.

_ Accordmgly to Bernoulli’s equation, velocity head of the fluid mav
be obtamed using equatlon (33) '

1 |
A, = = (36)
298 --
wherc u = velocity of the flow at the point of insertion, m/s
' AH , = difference in head from manometer,

TherelSre. the re:adlm"r (R) oF the manometer measures the velomty
head in metres.

Constructmw The (.onslructton of a pitot tube is shown in Figure 2-
10. Pitot tube is also known as insertion meter. The size of the sensing
“element is small compared to the size of the flow channel. The point of
measurement may be at the centre of the channel. One tube is perpen-
dicular to the flow direction and the other tube is connected parallel to
the direction of flow. The two tubes are connected to the legs of a
m'mometer or a sumble device.

Workmg Two tubes are inserted into the pipe in the manner shown
in Figure 2-10. Pitot tube 1s used to measure the velocity head of the
flow. _In this tube, the velocity of fluid is increased at the narrow
constriction. This results in decreased pressure. Tube at right angles to
the flow measures pressure head only. The tube that pomts upstream
measures, pressure head and velocity head. The difference in the above
readings indicates velocity head. Therefore, the reading  (R) of the
manometer measures the velocity head.

As seen in the Bernoulli’s equation, velocity head of the fluid (4H,)
- may be obtained from an equatlon similar to equation (29), which can be
represented as: -

| _ - 2q.4H,

('h-2 FLOW OF FLUIDS

-5 e
This is the theoretical veloelty Actual velocaty xsfgwen by |
~ C\NIg.al, (36)

where Cy = coefhcu.nl of pltot tube

Downstream
Limb measures pressure i, .
. — Limb measures

and velocity heads — 2 ;f

pressure head

; ‘l Manometer

Figure 2-10. Consqu&lion and assembl}* of piloflubc.

| Normally, pitot _tube measures tbe vcloeity at one particular point,
Le., at the point of insertion.  The average velocity (across the cross
section of the plpe) may be obtqmt,.d by cither ways.,

(a) Pitot tubes nmy be msmﬂ.d at the centre of the plpe and 1t

measures the maximum velomty Average velocity may be

calculated from this m..mmum by mcans of calibzated charts.

(b) Adjustable pitot tube may be used to take readings from difter-

_ ent points i the cross section. Mean velocity may be found by
@ graphic integration. Itis a dltf'cult process.

Advan’taoe : Pitot tubce measures 'the velocity at one point only.

Disadvantages : (1) The pitot tubes thcmselves cause more dlStUI‘-.
bance.- Eddics within the pressure tube disturb the readmgs

(2) They do not’ yve average velocity directly.

(3) Forg g,ases the readmg [ e\tremely small For gases worl\mg, on
low pressurc, some torm of multlplvmg gauges must be used

Rotamecter
Rotameter is a variable area meter, i.e., it measures the area of flow
)

0 as to produce a constant head dlf‘ferentxal Therefore, rotameters arc
Known as area meters. A % A B

P‘rmcnplc : Rotametcr COl’lSlStS of a vertlcal tapered and transparent '
tube in which a plummet is placed. During the ﬂurd ﬂow through the

-CHERS
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tube, the plummet rises and falls because of variation in flow. As a
result, the area of the annular space between the plummet and the tube
varies. The head loss across the annulus is cqual to the weight of the

plummet. The upper edge- of the plummet is. used as an index to note the
reading on the tapered tube. This valuc md:_caﬁtcs the flow of the fluid.

Construction : Rotameter consists of a vertical tapered tube, which
is mounted with 4 narrow end down (Figure 2-11). The tube is usually
made of glass on which a linear scale is etched. A solid plummet is
placed in the tube. The diameter of the plummet is smaller than the
narrowest part of the tube. Rotameters are available with electric and

clectronic transmitters for recorchng FFloats of different densities arc
available, so that a 200-fold range of flow can be measured accurately.
Floats may be made of lead. aluminium, glass and plastic.

"
e

Tapered
" tube

| —=

Float or
plummet

g

Flow

F:gure 2-11. The Construcllon of a rot'mu.lcr o

orkmﬂ :-As the ﬂow 1S upward throug_,h a tapcred wbe the ﬂow of

Iﬂund varics. The plummet, which is surrounded by the fluid, rises and

falls depcndma on thc ratc of flow. The greater the flow rate, the h:ghcr

the plummet rises in the tube. In rotameters, the pressure drop .i
constant or ncarly constant. '

During the fluid flow, the area of the annular space between' the
plumnict and the tube varies, Therefore, the head loss across the
~annulus is equal to the weight of the plummet. The flow may be read
usine the upper edge of the plummet as an index. The area is properly
cahhmted to the flow rate. The reﬂdmg may bc transm:ttcd for record-

ing. integrating and controlling.”
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Normally, manufacturers supply the nccessary data and charts along
with the meter while purchasmg the instruments.

Uses : Rotameters are extensively used in chemical industries, such

as bulk drugs. In the fermenters. the supply of air is controlled through

rotameters. Rotamelers are satistactory both for gases and for liquids. at
high and low pressures. O

Advantages : (1) Operator has a dll‘LCl visual index of flow reading,
[tis SJllbfﬂLlOI) for manual control ofproccsscs for experimental work.

(2) It does not require the condition that straight »ipces should run
betore and after the meter. :

Direct Displacement Meter

DlSplaCCant meter 18 used for measurmg domestic water supplies.

This has the advantage that the ‘otal volume of l:qmd that has pdSSLd
can be read directly. - £

Prmc:plc Dlsplacemcnt meters arc. used for measuring the ﬂow ratc
of fluids in small lines. In these meters, a strcam of water enters the
meter and strikes the moving member (disc as in disc meters or buckets
as in current meters).  The rate of rotation of the moving member ‘is
proportional to the velocity of water passing through the meter. The
displacement of moving member is transmitted through a train of gears
to the counting dial. which is present in the top of the m.cm-bcr.

Advantages : The displacement meters have an advantage over

venturi or orifice meters in the sense that the reading represents the total

volume of fluid that has passed. This volume divided by a definite
pertod E:ws thc ﬂow rate. ’ T %

Glossnry of S)'mbﬁls
Co = Constant for the orifice meter.
C, = Constant for the pitot tube,
Cy = Constant for the venturi meter.
[) = Diamcter of the pipe, m

11 = Viscosity ol the liquid, Pa S.
' = [riction factor.

g = Acceleration due to gravity, m/s?..
hy = Height of the liquid column at a point, .
All = Loss of head, m.
Atl, = Loss of hcgd duc to-sudden cenlargement, m.
All; = Loss of head due to sudden contraction, m.
Allp = Ditlerence in head from manometer in pitot tube, m
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“Ah'= Helghl difference bctwcun lwo pomlq m.
L = Length of pipe, m.
P= Pressurc, Pa.

ol Ps = Prcssure on the column of a hqmd Pa.
APf— Pressure difference  due to fml:on Pa.
Re = Reynolds number. |

p = Density of the liquid, kg/m3

'S = Surface area of the liquid column, m?.
 u= Velocity of the fluid in pipes, m/s.
w = Encrgy hcad added by the pipe, J.
X = Height ofthc liquid pipe from horizontal dulnm m.

QUESTION BANK
Each questmn carries 2 marks . >

1. Draw a labeled diagram of pitot tube and explain the workmg of the same.
' Whal is the| use of a p:tol tube? Write its advantages and disadvantages.

Express the Hagen-Poiseuille’s rclat:onsh:p What is its importance?

. Explain the term *head’. List the different heads in the Bernoulli’s theorem.
‘What is mcaht:b)f-:"'cquivalcm pipe length? What are its applications?

. What is Reynolds number? Describe its importance.

2.
3. \\’rltc the Fannmgs equauon and cxplam the terms. What is its importance?
4.
S

8. List the advantages and disadvantages of rotameter.

9. -llow arc losses of encrgy due to enlargement in cross section mcasurcd?
- QGive relevant equation and cxplam the terms.

 10. Giye Reynolds number and cxplam the symbols used therein.
1. What is a ‘differential head meter’? Name some devices under this
 category. ' | |
12. What is a pressure head? How is it calculated? __
o 13. What are vertical head meters? Describe one ﬁuch metcr.

14. Differentiate between constant pressure and constant area mcters Give
c\amplcq of devices under cach category.

Each questmn carries 5 marks

1. Describe the types of flow patterns cwhlb:ted by liquids in motion.

2. Differentidte between fluid statics and fluid dynamics. Name the fluid flow
meter, which gives point velocity.

labeled diagram.

€

3. Write Bernoulli's ecquation and e\plam the symhols usud therein with a

be' 1
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4. Describe Reynolds classic experiment elucidating dlﬂ'crcnl lypes of ﬂow-
patterns, when a liquid flows through a closed channcl

5. Eaplain the characteristics of dll'l"crcnl types of flow. Add a note on
Reynolds number, TR ¢ | --

6, Compare and contrast the advantages ..md dlxadwntagu UF pitot luhu and
rotumeter, e

7. What are the merits und demerits of venturi meter oi-'cr orifice meter?

. What is the condition of h)dro:;lallc Lqunhbrlum Obtain the barometric -
cqu.nlum. | '

::c

Each question carries 10 marks

|, Deduce relevant equations for calculation of flow rates usm;: onﬁcc mcter.

2. Derive Bernoulli’s cquation stating the assumpnons

3, Give a neat sketch of two ﬂmd manometers and caplam iHs xmrkmg
principle. A | Hl

4. Laplain the working. principle and construction of vmlur: metér. Wruc 1hc:
eapression for the volumetric flaw rate of 1luid, lhmugh v RS AR e

5. Explain the'energy fosses that oceur' w ht..n a fluid ﬂ(ms lhrough a plpc mlh Bl
relevant cquations. -- r



