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Example 6- 7

Pressure reading s o n the suctio n an d discharge line s of a  pum p are ,
respectively: -1.26 4 m  of water ; 1.69 7 m of mercury . The fluid being
pumped i s oi l o f specifi c gravit y 0.85 . Th e suctio n manomete r tub e
connecting t o th e pum p contain s onl y air . O n the discharge side , th e
reference poin t o f the mercur y gage i s 0.630 m below the pressure tap .
The vertical distance betwee n the two pressure taps i s 2.000 m. What is
the total pressur e hea d imparted t o thi s fluid system by the pump ? The
suction and discharge line s are of the same diameter.

Pressure a t A and at B, and thence the total head , may be determined
by the application o f Equation (6.1) : p =  pgh

pA =  -1000(9.807)1.264

= -12396N/m * 

pA =  -123% P a

pA =  -12.4kPa

Similarly:

pc =  13570(9.807)1.697

= 225 838 N/m
2
 = 225 838 Pa = 225.84 kPa

(PB ~  PC) =  850(9.807)0.630

= 5252 N/m
2
 = 5252 Pa = 5.25 kPa

from which:

pB =  225.84 - 5.2 5 = 220.59 kPa

(PB -PA)~  850(9.807)2.000

= 16672 N/m
2
 = 16672 Pa = 16.67 kPa

Total Head AB  to fluid = 220.59 + 16.67 - (-12.40 )

= 249.66 kPa

Alternately the pressures at A, B, and C and the respective differential
pressures can be obtained (o r checked) b y the conversion factor s cite d
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in Section 6. 2 as follows:

pA =  -1.264 m water p A =  -1.264(9.807) p A =  -12.40 kPa

PC =  1.697 m mercury p c =  1.697(133.08) p c =  225.84 kPa

PB~PC =  0.630 m oil PB~PC  =  0.630(0.85)(9.807)
PB-PC =  5.25 kPa p B =  225.84 - 5.2 5 = 220.59 kPa

ZB -  Z A =  2.000 m oil 2.000(0.85)(9.807 ) = 16.67 kPa

Total Head AB to fluid = 220.59 + 16.67 - (-12.40 ) = 249.66 kPa

A differentia l manomete r using a gage fluid of specific gravity of 2.85,
connects tw o pipelines A  and D . Pipeline A  contains wate r a t a  gage

Example 6-3

Example 6-3

Example 6-3
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pressure o f 20.00 Ibf/in. 2. Wha t i s th e pressur e i n kP a i n th e oi l a t D
when the positio n of the gage and the gage flui d i s as indicated ?

s, = 1.000 (water) s2 =  0.920 (oil) s g =  2.850 (gage)

/! = 2.566 m; / 2 =  3.642 m; h  =  3.790 m

Noting that :

and that :

PB =  PD + (Pgsz)k +  (pgs g)h

whence:

PD = PA + (P^,)/, -  (pgSi)k  ~  (Pgs a)h

in which for water :

pg =  9807 Pa/m

also:
pA =  20.00(6.8948) =  137.90 kPa (given)

Solving for the pressur e a t D i n kPa

PD =  137.90 + 9.807(2.566) - 9.807(0.92)(3.642)

- 9.807(2.85X3.790)

PD =  24.2 7 kPa

Alternately the solution may be viewed in these terms :

pA =  20.00(6.8948) =  137.90 kPa

PB~PA= 2.566(9.807) =  25.1 6 kPa

pB =  163.06 kPa

Pc-pB =  3.790(9.807)2.85 =  -105.93 kPa

pc =  57.13 kPa

pD-pc = 3.642(9.807)0.92 = -32.86 kPa

pD =  24.27 kPa
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6.8 Surfac e Tension

Manometers whos e operation i s based o n th e observation o f liquid
levels are subject to inaccuracy arising from meniscus effects, which are
the consequenc e o f surface tension . Thi s phenomeno n is defined as o %
the force per uni t length and accordingly, the SI units, are N/m.

Example 6- 9

A glass tub e o f 0.75 m m interna l diamete r i s dipped verticall y int o
water. Ho w far will the water level rise in the tube?

The wate r rises because o f "capillarity," whic h is a  consequence o f
surface tension . I t ma y be show n tha t th e ris e 8  is a  function o f th e
diameter o f the tube, the density, and the surface tension o f the liquid in
accordance wit h the following formula:

for wate r c r =  mN/m

Example 6-9 .
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6.9 Incompressible Fluid Flow

The stud y o f fluid s i n motio n utilize s th e concept s o f velocit y an d
acceleration whic h were introduced earlier i n respect to solid bodies o r
particles unde r the general headin g of Dynamics. Although in most fluid
flows there i s a variation i n velocity across the stream, resultin g in what
is termed a "velocity profile," th e general approach for most purposes is

to utilize the "average velocity, " usuall y denoted b y V . I n terms o f SI
units V  i n m/ s multiplie d b y th e cross-sectio n are a t o whic h i t i s

applicable, A , usuall y given in m2, results in a volumetri c flow rate Q  in
m3/s. Thus :

The volumetri c rate-of-flow multiplie d by densit y of the fluid gives a
mass rate-of-flow:

Example 6-10

A liquid of density 950 kg/m3 flows at a  rate o f 1 5 kg/s through a  pipe
of 14 0 mm diameter. Wha t is the volumetri c rate-of-flow and the average
velocity?

Example 6-10.
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6.10 Measurin g the Rate-of-Flow

The mos t accurate wa y of measuring a  flow rate i s to mak e related
measurements o f quantit y (i.e . volum e o r mass ) an d time ; e.g. , b y
collecting th e flui d i n a  vessel , bu t thi s usuall y i s no t practicable .
Indirect methods, such as the use of orifice plates or venturi meters, and
other specia l device s suc h a s rotameter s an d propelle r meters , ar e
commonly employed . Thes e device s ar e usuall y calibrate d agains t
standards, o r are exact copies o f devices that hav e been calibrated. A s
already indicated , preferre d unit s for rate s o f flow in S I are m

3
/s an d

kg/s, the us e o f the forme r being much more prevalen t since mass flow
meters are difficul t t o construct .

While th e bas e unit s m
3
/s ar e use d t o describe mos t large flow s th e

magnitudes o f resultant quantitie s frequentl y ar e considered somewha t
inconvenient fo r expression a t lo w flows. For instance , wit h a  velocity
of 2  m/s, whic h is quit e common for pip e flow, the deliver y of 1. 0 m

3
/s

would involve a pipe approximately 800 mm in diameter.
There is , o f course , nothin g unusua l in thi s situatio n an d th e uni t

prefixes ar e available t o produc e quantitie s o f mor e convenien t size .
Therefore i t is most common practice i n respect t o low flows to use th e
cubic decimeter whic h is 1/1000 of the cubic meter. The liter and the dm

3

formerly wer e no t identical , althoug h th e differenc e wa s extremel y
small. But since 1964 the liter has been redefined as exactly equal to the
cubic decimeter an d th e tw o names no w are synonymous . Thus, many
small flows ar e expressed i n liters pe r second (L/s) . Example s o f thi s
will follow.

6.11 Energ y Equation

Many problem s i n flui d mechanic s ar e solve d b y th e application o f
Bernoulli's Theorem . I t wil l b e usefu l t o conside r variou s form s ex -
pressed i n SI units .

Essentially thi s i s an "energy" equation whic h states that neglecting

losses, fo r stead y flo w wit h fixe d boundaries , th e su m o f th e kineti c
energy an d the two potential energ y components i s constant. As would

be expected each term of the equation is expressed i n joules. Fo r a mass

m o f fluid, at an elevation z  above a  given datum the equation is :
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This expression i n terms of SI unit s is:

The equatio n frequentl y appear s withou t th e mas s ter m w , implyin g
energy per unit mass, the expressio n the n being:

In terms of SI this is:

Example 6-11

A horizontal pipeline , carrying sea water, changes gradually in diame-
ter fro m 1. 5 m to 0.7 m. The pressure a t the larger end is 30 kPa and th e
discharge flo w rat e i s 1. 2 m

3
/s. Neglectin g losses , wha t wil l b e th e

pressure at the smaller section? p  = 1030 kg/m
3
.

in whic h the uni t of each ter m is the meter . To obtain the rate o f energy
transfer fro m thi s equation it is necessary t o multipl y by g an d th e mas s
flow rate , kg/s.

but

If this equation is multiplied by the mass rate of flow in kg/s, or by the
volumetric rate-of-flow an d the density , (m

3
/s)(kg/m

3
), the various terms

in th e equatio n the n represen t rate s o f energ y transfer , an d are ,
accordingly, in joules per second, o r watts .

The equatio n ca n als o b e expresse d i n term s o f hea d o f fluid ; t o
achieve thi s th e uni t mass for m i s divided b y g, whenc e th e pressure
term the n becomes p/pg, whic h i s denoted b y h, and the equation take s
what i s probably the mos t frequentl y use d form :
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Observe that , a s always , S I unit s can b e use d directl y i n the formul a

without modification .

Example 6-12

Water flow s through a  pip e o f gradually varyin g cross section. A t a

point where the diameter i s 80 mm, the pressure head is 30 m; at another

Applying th e energ y equatio n o f Bernoull i i n th e for m pe r uni t o f

mass, namely , Equation (6.14) :

Example 6-11 .

whence

For horizonta l pipe z l =  z 2

constant
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point, 5  m higher than the first , th e diamete r i s 70 mm and the pressur e
head i s 18m . What is the volumetri c rate-of-flow o f water .

Example 6-12 .

Using Bernoulli' s energy equation expressed i n terms o f "head," in the
form o f Equatio n (6.15):

whence

Note tha t i n this typ e of calculation, whe n using head consistentl y a s a
measure o f pressure, th e densit y does no t appear.

constant
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6.12 Tota l Energy System

In mos t actual fluid flow system s there i s a  loss o f energy , /z/ , most

frequently du e to friction , o r an inpu t of energy, Ae TO, most often du e t o
pumping, or some of each. The energy equations can be modified for use

in such cases by algebraically adding, in the proper units, an energy gain

and/or loss term; for example; Eq. 6.1 5 may be expanded as follows:

in which hn~2 = head loss due to frictio n betwee n two points (1) and (2);

while be mlg i s energ y introduce d (o r withdrawn ; us e negativ e sign )

between th e sam e tw o points , expressed als o i n term s o f "head" o f

fluid.

Example 6-13

Oil of density 930 kg/m3 is being pumped at a  rate of 0.005 m3/s. The

diameters o f the suction an d discharge pipe s o f the pum p are respec -

tively 50 mm and 75 mm; the suction and discharge gages read -40 kPa
and 60 0 kPa , respectively , wit h th e vertica l distanc e betwee n th e

pressure tappings being 8 m. Calculate the power required at the pump,

assuming no pipe losses and a pum p efficienc y o f 70 percent.
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