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" Pressureis defined as a normal force exerted by a fluid per unitarea. "7

o PraggUre = ——— = —— =

- |1bar=10° Pa=100 kPa=0.1MPa|| Otherunits: mmHeo,mmHg |
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Blower produces
pressure larger than
the atmospheric
pressure
(Gage Pressure)

| Vacuum cleaner produces less pressure |-
than the atmospheric pressure
(Vacuum Pressure)

19t March 2024 Copyright © Dr. Samer Beskales




Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

Copyright © Dr. Samer Beskales




Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

fluid element

i
AX
ml

AZ

19t March 2024 Copyright © Dr. Samer Beskales




Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

. FACULTY OF ENGINEERING AT SHOUBRA .~ .~

19t March 2024 Copyright © Dr. Samer Beskales |8




B8 Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements B

19t March 2024 Copyright © Dr. Samer Beskales [




Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

O BEE
Surface - Om SO 10m Deep

© s
40m Deep ® 30m Deep

& 19t March 2024 Copyright © Dr. Samer Beskales -



Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

IMPLOSION OF THE OCEANGATE TITAN SUBMERSIBLE

3D SIMULATION

19t March 2024 Copyright © Dr. Samer Beskales




B8 Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements S8

19t March 2024 Copyright © Dr. Samer Beskales [




Fluid Mechanics [1] MEC 121 Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements

SHNEEN |

g Example (1) Operation of a Hydraulic Jack
O |
- m Consider a hydraulic jack being used in a car repair shop, as in Fig. 3—12. il iiii i i

- M The pistons have an area of A, = 0.8 cm? and A, = 0.04 m? Hydraulic oil with SRR

M 3 specific gravity of 0.870 is pumped in as the small piston on the left sideis | || | o

pushed up and down, slowly raising the larger piston on the right side. A car that SRS

weighs 13,000 N 1s to be jacked up. RIS

(a) At the beginning, when both pistons are at the same elevation (h = 0), calculate | | oo

the force F', in newtons required to hold the weight of the car. F, T A A

(b) Repeat the calculation after the car has been lifted two meters (2 = 2 m). ; 2 SRR

Compare and discuss. l : L

" Analysis (a) When h = 0, the pressure at the bottom of each piston must be the l Hydraulic oil A

ZLL LT A7 SG = 0.870 F e
SEN F F A 0.8 cm? Im \? f
o P =-"1=P =-25F =F,— = (13,000N) ( ) =26.0N

i A, A, A, 0.0400 m? \100 cm
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Hydraulic oil =~
SG =0.870
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Boiling - [ TABLEA-S |
without ¥ B 2| satusted wator—pressurctatle -
. - o ecific VIR
heatlng .’ = :::::: Sp c;j/:gwmc
Sat. Sat.

liquid, vapor,

V! V'

0.001000 129.19

0.001001 87.964
0.001001 66.990
0.001002 54.242
0.001003 45.654

0.001004 34.791
0.001005 28.185
0.001008 19.233
0.001010 14670
0.001014 10.020

0.001017 7.6481
0.001020 6.2034
0.001022 52287
0.001026  3.9933
0.001030  3.2403

0.001037 2.2172
0.001043 1.6941
0.001043 16734
0.001048 1.3750
0.001053 1.1594

0.001057  1.0037 ..
0.001061  0.88578 .-.-
0.001064  0.79329 ..
0.001067  0.71873 °.-
0.001070  0.65732 -
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Example (2) Measuring Pressure with a Manometer

A manometer is used to measure the pressure of a gas in a tank. The fluid used
has a specific gravity of (.85, and the manometer column height is 55 cm, as

shown in Fig. 3-21. If the local atmospheric pressure is 96 kPa, determine the

absolute pressure within the tank.

- SOLUTION The reading of a manometer attached to a tank and the =
- atmospheric pressure are given. The absolute pressure in the tank is to be -

" determined.
Assumptions The density of the gas in the tank is much lower than the density

- of the manometer fluid.
. Properties The specific gravity of the manometer fluid is given to be 0.85. We -

take the standard density of water to be 1000 kg/m”.

- Analysis The density of the fluid is obtained by multiplying its specific gravity -
- by the density of water,

p = SG (p,) = (0.85)(1000 kg/m’) = 850 kg/m’

> Then from Eq. 3-13,

P =P, + pgh

IN 1 kPa
= 96 kPa + (850 kg/m*)(9.81 m/s*)(0.55 m)( )( )

1 kg-m/s* /\ 1000 N/m?

= 100.6 kPa

- Discussion Note that the gage pressure in the tank 15 4.6 kPa.

Lecture 06 - Part [A]: Fluid Statics- Pressure Measurements =

P,.=96kPa

atm

Same pressure at the
same level- same liquid
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--------------------- T'he pressure difference between an oil pipe and water

s pipe is measured by a double-fluid manometer, as shown in
s Figo P3-50. For the given fluid heights and specific gravities, ooooioio Samepressureatthe —fo.....ooooi:i: s e
coniinininiienie caleulate the pressure difference AP = Py — P coiiininnn samelevel-same liquid [l

__________________ manometerproblem: ..
I Glycerin I
= P P PSP Water SG=1.26 DL
B RS E PSP LR LS PLNPEIOPY TRIREPIRERIRRRIPREPREY :-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-5E55555E555E5E55555555555555555555555555 SG = 1.0 5E555E5555555555555555555555555
7\ e B| || 55cm S
e e A 4 'I S REREEPIPS P
::::::::::::::::::::::::::::::::::::_::::::::::::::::::::::::._:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 10 cm :::::::::::::::::::::::::::::::
Down: oo U ! BRI
T T T 12 em S
OO DNDDOTOITT M v - RIS
YMAV) Z W L PR EPIPE PPN P
Fal |t Y MO0 7 (LO.C )(02) S : | sy
DURUURRHRORIE. e cieeeon L TR + 20 em L
+7,(088)(0.D) =Py | e 3 e
SG=13.5 ﬁ > PN
B O R \ BRI
U AL (R B o
i AN = Ty T i A =L QIF DL N fifmififififififififif FIGURE P3-50 Same pressure at the S REREEPIPS P
T e same level- same liquid [
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Example (5)

A flow section
or flow device
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o | altitude of 1400 m where the atmospheric pressure is 85.6 KPa. Determine the air 0o
“oooo W opressure in the tank if Ay = 0.1 m, h, = 0.2 m, and h; = 0.35 m. Take the densi- _ SRRRRIRRRRS
okt W ties of water, oil, and mercury to be 1000 kg/m?, 850 kg/m?, and 13,600 kg/m?, Oil L
s W respectively. sy
C P+ puuec8hy + Poia8My = Prcrcury8hs = Py = Py, = [ o d R
isniio Solving for Py and substituting, : Water LI
RIS AN Sy
i Py = Py = P8y — Pty t Prercury8h ( g P
ol o =3V VAN
e = Py + 8(PmercuryMs = Pttt — Poihty) R T | T
ST = 85.6kPa + (9.81 m/s?)[(13,600 kg/m?)(0.35 m) — (1000 kg/m?)(0.1 m) - P sy
BB - h 3 O
e IN 1 kP o - RIS
RS — (850 kg/m?*)(0.2 m)]( 2)( - 2) o u L
I 1 kg-m/s”/ \ 1000 N/m o M _ i
St Z 130 kPa g R

B s s Mercury EE
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- Example (7) The maximum blood pressure in the upper arm of a healthy person is about 120 mmHg. Ifa =~

........... vertical tube open to the atmosphere is connected to the vein in the arm of the person, determine how

csiniiiiiil high the blood will rise in the tube. Take the density of the blood to be 1040 kg/m3

BLOOD PRESSURE @HEART-FACTS
DO YOU HAVE HIGH BLOOD PRESSURE?
(aka Hypertension) 5

. less than 1 20 1 30 1 40 higher than
Systolic to to to
(highernumbegt 1 2 O 1 29 1 39 1 80 1 8 O Consult your
AND AND OR OR OR — doctor
DiaStO“C less than less than 80 90 immediately
fo to

o) 80 | 80 | = | 2 |120

Understand what your blood pressure numbers mean for your health,
and what you can do to lower them.
LEARN MORE@ texasheart.org @ Texas Hearr' Instrrute

3t

gy = P :
o Pblood 1040kg/m* R T

IV bottle
Intravenous
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