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3.7 Static, Dynamic, and Stagnation Pressures

The Bernoulli equation states that the sum of the flow, kinetic, and potential energies
of a fluid particle along a streamline is constant. Therefore, the kinetic and potential
energies of the fluid can be converted to flow energy (and vice versa) during flow,
causing the pressure to change. This phenomenon can be made more visible by
multiplying the Bernoulli equation by the density p,

p— + pgz = constant (along a streamling)

Each term in this equation has pressure units, and (F)in Femell equa lios ———= Sdakic Presswee
thus each term represents some kind of pressure: s Fessible bo wmeasure The slafie presseve 10 @ / S
* P is the static pressure (it does not incorporate *ﬁ; J%4J1 o ;H;w :"P) Pl 5% LgRoR Slhip
any dynamic effects); it represents the actual '~~~
thermodynamic pressure of the fluid. This is the

same as the pressure used in thermodynamics and a1 .
property tables. PN

* pV?/2 is the dynamic pressure; it represents the Presave to Manome e,
pressure rise when the fluid in motion is brought to B
a stop isentropically.

 pgz is the hydrostatic pressure, which is not
pressure in a real sense since its value depends
on the reference level selected; it accounts for the 3
elevation effects, i.e., of fluid weight on pressure.




3.7 Stagnation Pressures
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The static, dynamic, and
stagnation pressures.

The sum of the static and dynamic pressures is called the stagnation Pressure
The stagnation pressure represents the pressure at a point where the fluid is

brought to a complete stop isentropically. The static, dynamic, and stagnation
pressures are shown in Fig. 5—27. When static and stagnation pressures are
measured at a specified location, the fluid velocity at that location can be

calculated from the velocity Eq.:



3.8 Flow measurements: (1) Pitot tube

O A Pitot tube is a small tube with its open end aligned into the flow so as to sense the
full impact pressure of the flowing fluid. It measures the stagnation pressure.

U However, the static pressure tap and Pitot tube can still be used, but they must be
connected to some other kind of pressure measurement device such as a U-tube

manometer or a pressure transducer
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3.8 Flow measurements: Manometer with Pitot tube
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3.8 Flow measurements: (1) Orifice meter in open system
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3.8 Flow measurements: (2) Orifice meter in closed system
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can be written as
Mass balance:

V= AV = AV, = Vg = (ARG, = (dID)PY,

Vi, V3

B i ti =1I): —t+_—=—+

ErMoutil equation (Zy =13) P 29 g 29
Combining Eqgs. 8-68 and 8-69 and solving for velocity V, gives
Obstruction (with no loss): Vy = \ %

Consider incompressible steady flow of a fluid in a horizontal pipe of diam-
eter D that is constricted to a flow area of diameter d, as shown in Fig. 8-55.
The mass balance and the Bernoulli equations between a location before the
constriction (point 1) and the location where constriction occurs (point 2)

(8-68)

(8-69)

(8-70)

where 8 = d/D is the diameter ratio. Once V, is known, the flow rate can be
determined from V = AV, = (wd%4)V,.

Obstruction
Y

oo
i

FIGURE 8-55
Flow through a constriction in a pipe.
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3.8 Flow measurements: (2) Orifice meter in closed system
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The fluid stream will continue to contract
past the obstruction, and the vena
contracta area is less than the flow area of
the obstruction. Both losses can be
accounted for by incorporating a correction
factor called the discharge coefficient Cd
whose value (which is less than1) is
determined experimentally. Then the flow
rate for obstruction flowmeters

can be expressed as:-

2(Fy — F;)

N p(1 — B%)

A M
i e

(a) Orifice meter



3.8 Flow measurements: (3) Venturi meters

The Venturi meter, invented by the American engineer Clemans Herschel (1842—-1930) and named
by him after the Italian Giovanni Venturi (1746— 1822) for his pioneering work on conical flow
sections, is the most accurate flowmeter in this group, but it is also the most expensive.
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Examples

Example , : Velocity Measurement by a Pitot Tube

A piezometer and a Pitot tube are tapped into a horizontal water pipe, as shown in Fig.
5—41, to measure static and stagnation (static + dynamic) pressures. For the indicated
water column heights, determine the velocity at the center of the pipe.

Sol.;:

Py = pa(h, + hy)

PE = .ﬂjg{h‘l + hz + hﬂ
hy=12cm
Moting that point 2 is a stagnation point and thus V. = 0 and z; = z,, the 5
application of the Bernoulli equation between points 1 and 2 gives g
P, Vi P ‘-.-’?,f Vi P,—P .
_1+_1+:1'1 E + +.I.E —3 1 — 2 1 \Water |h1 EEIE'__ —h-"l.lr1
M 29 ' pg 209 i 2q P ) -@-’T
St:-]_gnatil:un
Substituting the P, and P, expressions gives poit
FIGURE 541
Vi _ P, =Py pglhy +h; + hy) — pglhy + hy) h Schematic for Example 5-8.
29 iy iy -
Solving for V, and substituting,
Vi = V2gh; = V/2(9.81 m/s?)(0.12 m) = 1.53 mis
Discussion Mote that to determine the flow velocity, all we need is to mea- 11

sure the height of the excess fluid column in the Pitot tube.



Examples

Example,: A Pitot-static probe connected to a water manometer is used to measure the
velocity of air. If the deflection (the vertical distance between the fluid levels in the two
arms) is 7.3 cm, determine the air velocity. Take the density of air to be 1.25 kg/m3.

Sol.,: Properties:density of fluids are p,, = 1000 kg/m?3 & p, = 1.25 kg/m3.

Note: that point 2 is a stagnation point and thus V,= 0 and z, = z,, the application of the Bernoulli
equation between points 1 and 2 gives

B 7 B ¥ B W} PR 2(P,— R
_'_ﬂ;__—._=_'+_—+:] — _'_ﬂ;=_- — I/_ = |I { s 1} (1}
ez 2g g 2g eg 28 pg V' Pwr

The pressure rise at the tip of the Pitot-static probe 1s simply the pressure change indicated by the differen#iﬂl water column
of the manometer,

P-P = szta'gh (2)
Combining Eqs. (1) and (2) and substituting. the flow velocity 1s determined to be -]
= = |, 3 2 ~ =
v - II—Pmmg _ I| 2(1000 kg/m }(9.81111.;5 J0.073m) _338mls - .
VP \ 1.25 kg/m Pitot-static
| Alr probe —J 1—-?.3 cm
Manometer

Pitot
tube

FIGURE P5-60

—>
0%

Manometer

Discussion  Note that flow velocity in a pipe or duct can be measured easily by a Pitot-static probe by mserting the

probe into the pipe or duct parallel to flow. and reading the differential height. Also note that this 15 the velocity at the 1
location of the tube. Several readings at several locations in a cross-section may be required to determine the mean flow

velocity.



Examples

Example;: Measuring Flow Rate with an Orifice Meter. The flow rate of methanol at 20°C
(p=788.4 kg/m3 and u= 5.857*10* kg/m - s) through a 4-cm-diameter pipe is to be measured with a
3-cm-diameter orifice meter equipped with a mercury manometer across the orifice place, as shown
in Fig. 8-60. If the differential height of the manometer is read to be 11 cm, determine the flow rate
of methanol through the pipe and the average flow velocity.

Sol.;: The flow rate of methanol is to be measured with an orifice meter. For a given pressure drop across the
orifice plate, the flow rate and the average flow velocity are to be determined. Assumptions 1 The flow is steady
and incompressible. 2 The discharge coefficient of the orifice meter is Cd =0.61.

Properties The density and dynamic viscosity of methanol are given to be
p = 788.4 kg/m? and p = 5.857 = 10-* kg/m - s, respectively. We take the
density of mercury to be 13,600 kg/m?.

Analysis The diameter ratio and the throat area of the orifice are

d 3
—5 =507
g 4

d? 0.03m
A.;,.-Z il . ¥ _ 7069 x 10-*m7

The pressure drop across the orifice plate can be expressed as
AP = I:"1 - P! = {F'Hg - ﬁ'met}gh
Then the flow rate relation for obstruction meters becomes

[p, P) 2(prg — Pred D 2pyigl P — TGN

Iu‘ll |||:'l..:.{:\l-,:|'.ﬁ'| B‘i} o d\m=ﬂﬂ{:d'\l .I_Bd.

Substituting, the flow rate is determined to be

2(13,600/788.4 — 1)(9.81 m/s?)(0.11 m)
1—0.75*

= (7.069 = ‘ID“‘mEJ{D.En\

=3.09 =% 10 *m¥s

which is equivalent to 3.09 L/s. The average flow velocity in the pipe is
determined by dividing the flow rate by the cross-sectional area of the pipe,
Y, V 3.09 x 10~ I mi/s

V= A, #D¥s  x(0.04 m)¥a

= 2.46 m/s

(1) o(2)

11 cm .
v L/
— L3
Mercury
manometer

FIGURE 8-60
Schematic for the orifice meter
considered in Example 8-10.
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Examples

Example,: The flow rate of water at 20°C (p= 998 kg/m?3 and u= 1.002*10-4 kg/m - s) through a 50
cm diameter pipe is measured with an orifice meter with a 30-cm-diameter opening to be 250 L/s.
Determine the pressure difference indicated by the orifice meter and the head loss.

Solution The flow rate of water 1s measured with an orifice meter. The pressure difference indicated by the omnfice »
meter and the head loss are to be determuned. T |
Assumprions 1 The flow is steady and incompressible. 2 The discharge coefficient of the orifice meter 15 Cy = 0.61. < <
Properties The density and dynamic viscosity of water are given to be o = 998 kg/m’ and i = 1.002x107 kg/m-s. >
respectively. 3 # s
Analysis The diameter ratio and the throat area of the onifice are r ' J Z 2>
=d/D=30/50=0.60 —— S
B ] 1 ) 50cm J0cm — 5 “ < 3
Ay =md” [4=7(030m)" /4=007069m" —"—. ¥ S
y
For a pressure drop of AP = B — P, across the orifice plate, the flow N 5 =
rate 1s expressed as \ﬁ\ g’ i 7—:
: 2(R-P) <
Vi=A4,Cy | — i o
Ve(l-87) AP - e
Substituting, o o
S — )— = s
0.25m> /5 = (0.07069 m”)(0.61).| = < ik_/ = Q =
\ (998 kg/m*)((1- 0.60%) - e o 7 | e
which gives the pressure drop across the orifice plate to be . ( Vg U ?L ) - kﬂ -7‘ <) 3 \ b /i ?3\
- _'f‘— - ; 3 ,-f""“,." Q l\‘l; \
AP =14600kg-m/s? =14.6 kPa J 3 T Bl ‘.
3 7 / |
- : ' |
It corresponds to a water column height of \ oSS es - Q 7 ‘-‘1/:' ! e\f} /
(frechont he) || AT
AP 14,600 kg -m/s vCHovia Vil
h,=——= - —=149m | e i
oug (998 kgm®)(9.81m/s7) e ‘ \
The head loss between the two measurement sections can also be estimated from the energy equation. Since z; = z;, the o \ 7\ <
head form of the energy equation simplifies to ) \Q "l 3
, . TR P Miemmmid 5 Y - } ’;
p_p [(Dra) -1lr, [(5030)" -1](1.27 mis)
=== = =— =149 m-= , — =0.940mH,0 x
PiE 2 2g 2(9.81 m/s* ) L \ 1
V V 0.250m’ /s Bt ™ =
where F-—=—— - —— —1.27ms L }
4 D /4 z(050m) /4




Examples

Examples: Water is flowing through a Venturi meter whose diameter is 7 cm at the
entrance part and 4 cm at the throat. The pressure is measured to be 430 kPa at the
entrance and 120 kPa at the throat. Neglecting frictional effects, determine the flow rate
of water. Answer: 0.0331 m3/s

Properties We take the density of water to be o= 1000 kg/m’.

Analysis We take point 1 at the mamn flow section and point 2 at the throat along the centerline of the venturi meter.
Noting that z; = z;, the application of the Bernoulli equation between points 1 and 2 gives

2 2 2 2
RV P, V5 Vi —Fy
—1+—1+:1= = —+z, —» B-P=p—= 1 (1)

rg 2g PE g 2

The flow 1s assumed to be incompressible and thus the density 1s constant. Then the conservation of mass relation for this

single stream steady flow device can be expressed as
/ f y s f s v 4 v
V]_:v::V — .:'.!]_Il:_"i:}'r: =V — I'|_=— ﬂ.ﬂd I1=
4 4,

Substituting into Eq. (1). 430 kP
3 a

- 7 P 7 s T 120 kPa
o VI -V PV 4
A-h=r 2 2430 4
B ‘ -
Solving for V gives the desired relation for the flow rate, — @ Tem ¢ 4cm
L

_ 4, III 2R -5)
N ell—(4y 7 4)7]

The flow rate for the given case can be determined by substituting the given values ito this relation to be

(3)

a5 3] | gl ' 7
3 [ 2R-P)  x(0.04m)’ | 2(430-120)kN/m’ [ 1000kg-m/s? |

4\ ol1-(D,/D))*] 4 J@oookgm?)[1-@7*l 1N

~0.0331m°/s



Examples

Exampleg: A Venturi meter equipped with a differential pressure gage is used to measure the flow
rate of water at 15°C (p= 999.1 kg/m3) through a 5-cm-diameter horizontal pipe. The diameter of
the Venturi neck is 3 cm, and the measured pressure drop is 5 kPa. Taking the discharge coefficient
to be 0.98, determine the volume flow rate of water and the average velocity through the pipe.

Answers: 2.35 L/s and 1.20 m/s

Solution A Venturi meter equipped with a differential pressure gage 15 used to measure to flow rate of water through
a honizontal pipe. For a given pressure drop. the volume flow rate of water and the average velocity through the pipe are to

be determuned.

Assumptions The flow 1s steady and incompressible.

Properties  The density of water 1s given to be o= -
999 1 kg/m”. The discharge coefficient of Ventur: meter 1s cm

—
given to be C;=0.98. ¥ _‘_,.,--"'""

Analysis The diameter ratio and the throat area of
the meter are

B=d/D=3/5=0.60

Ay =md?/4=7(003m)* /4=7069x10"* m*? _
()

3cm

Noting that AP = 5 kPa = 5000 N/m’, the flow rate becomes N\
— Dafferential
V= AC,; |IL_}:—’) pressure meter
\ o= 87)
2 %5000 N/m? [ 1kg-m/s

= (7.069x107* m?)(0.98) | — -
| (999.1kg/m’)(1-0.60%)| 1IN

= 0.00235 m®/s
which 15 equivalent to 2.35 L/s. The average flow velocity in the pipe is determined by dividing the flow rate by the cross-

sectional area of the pipe,
V V 0.00235 m*/ 16
Ve e = o _1.20mis
A a4 x(0.05m)° /4




Examples

Example,: A Venturi meter is a device that is used for measuring the speed of a fluid within a pipe.
The drawing shows a gas flowing at speed u, through a horizontal section of pipe whose cross-
sectional area is A, = 0.0700 m2. The gas has a density of p = 1.30 kg/m3. The Venturi meter has a
cross-sectional area of A, = 0.0500 m? and has been substituted for a section of the larger pipe.
The pressure difference between the two sections is P, - P, = 120 Pa. Find (a) the speed u, of the
gas in the larger, original pipe and (b) the volume flow rate Q of the gas.

Sol..:

Bernoulli equation gives us

1, 1,
Py + Eﬂi’l‘f'ﬂﬂhl = P2+ 5pvz +pgh;

Make the assumption that
hl =] hg
Bernoulli reduces to

1, 1
Py+—pvi=Py+ - pv3

2 p.
Solve for difference in pressure
1 ., 1 1
Py —FPy = 2PV1 _Eﬂl’% = EP("% - v3)

Equation of Continuity gives
PV Ay = pavaA;

Assume an incompressible gas and p; ~ p,

Ay = v,
And solving for v,

-
r..l-'*

= HI
P‘?l{-{‘ﬁ

l

= il

Lo
Py nqﬁ'\%

e
ok
(5% ]
il

L

venturi meter

http://physics.nmu.edu/~ddonovan/classes/

ph201/Homework/Chap11/CH11P69.html

i,


http://physics.nmu.edu/~ddonovan/classes/ph201/Homework/Chap11/CH11P69.html
http://physics.nmu.edu/~ddonovan/classes/ph201/Homework/Chap11/CH11P69.html

Examples
Sol.;:

Now Solve for v,

2 2(P3 - Pl)

vi=———

o)1)
2(P, — Py) | 2(120 Pa)
T A | kg 0.0700 m?\’
Az\* - _

ﬂ'p((ﬂl) 1) H|(1'3“ ffm3)((ﬂ.{]5l‘:lﬂ n?) 1)

v, = ( k;w Pa = sz_gi "'2,.’31 =13.87 M/,
J(1.30 %9/ )(1.96 - 1)

Q = Azv; = (0.0700 m?)(13.87 M/s) = 0.971 M°/,

v, =14 M/,

Q=097m"/ 18




Example . https://www.chegg.com/homework-help/questions-and-answers/example-problem-venturi-
8 meter-system-venturi-meter-shown-figure-blow-carries-water-60-degr-q16945549

Example Problem: Venturi meter system.

The venturi meter shown in figure blow carries water at 60°C. The inside dimensions are
machined to the sizes shown in figure. The specific gravity of the gage fluid in the
manometer is 1.25. Calculate the velocity of flow at section A and the volume flow rate
of water.

P,=P,+y (y+1.18)

P, = Pg + y(0.46+y) + 1.25y,(1.18)

But,as P, =P,

Therefore from the above equations,

P, — Pg can be found. Complete the
rest of the solution.

Note: A venturi meter is
a device that uses a
constriction in a flow
system to measure the
velocity of flow.

e
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Homeworks (3):

Hw,: The velocity of a fluid flowing in a pipe is to be measured by two different Pitot-type
mercury manometers shown in Fig. P5-38C. Would you expect both manometers to
predict the same velocity for flowing water? If not, which would be more accurate?
Explain. What would your response be if air were flowing in the pipe instead of water?

Flow
—_——  —. )

Hw, (L _

FIGURE P5-38C

Hw,: Explain how flow rate is measured with obstruction type flowmeters. Compare
orifice meters, flow nozzles, and Venturi meters with respect to cost, size, head loss, and
accuracy.
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Homeworks (3):

Hw;: Air is flowing through a venturi meter whose diameter is 2.6 in at the entrance part
(location 1) and 1.8 in at the throat (location 2). The gage pressure is measured to be
12.2 sia at the entrance and 11.8 psia at the throat. Neglecting frictional effects, show

that the volume flow rate can be expressed as

Efp| - FI_;-]
2\, o1 — J':'l.;.'rn'g'f;]'

V=A

Hw,: The mass flow rate of air at 20°C (p =1.204 kg/m3) through a 15 cm diameter duct
iIs measured with a Venturi meter equipped with a water manometer. The Venturi neck
has a diameter of 6 cm, and the manometer has a maximum differential height of 40 cm.
Taking the discharge coefficient to be 0.98, determine the maximum mass flow rate of air

this Venturi meter can measure. Answer: 0.273 kg/s

e

15cm —e 6 cm
_._'-._'_.-'_._._'_,_-—'-'_'

Water
manometer

Hw,
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Homeworks (3):

Hw.: A vertical Venturi meter equipped with a differential pressure gage shown in Fig.
P8-107 is used to measure the flow rate of liquid propane at 10°C (p = 514.7 kg/m3)
through an 8-cm-diameter vertical pipe. For a discharge coefficient of 0.98, determine
the volume flow rate of propane through the pipe.

Hw : A flow nozzle equipped with a differential pressure gage is used to measure the
flow rate of water at 10°C (p = 999.7 kg/m3 and u= 1.307*10-3 kg/m - s) through a 3cm
diameter horizontal pipe. The nozzle exit diameter is 1.5 cm, and the measured pressure
drop is 3 kPa. Determine the volume flow rate of water, the average velocity through the
pipe, and the head loss.

&__ Hw;

Icm am— 1.5 cm

S5cm

l AP=TkPa
_h\
AP = EKF'EI T \ 0 cm I./
_/” W //f
j—
\_/ T
Differential
pressure gage? HW6

Bcm

FIGURE P8-108 i ’ 22
FIGURE P8—107




»Note: Solve all six Homeworks
and sending me the answering
next week on Thursday 27
February 2025.

Il hope everything is clear for all

students
+*Good luck
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