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LOODDOITLNL HAVELTOL UE TEDLOTOEQETILL
ETLTAYUVOT)
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Ilieon o€ onueELo PELGTOV

i
Pevotd 000 (2) dwootdoemy mov npepel = 1 =0 l,

XF =ma_ = P(@j% =0

SF =P §,-P 8sind = PXSY—PSSSg—y =
A)
~YF =8P .-P)=0 =P =P | (1)

2F=ma, = p(@j%zo

SF =P §,- P 8,cos -y(@@):P 5,-P. 5 ?

5(P,-P )=0= [P, =P _| (2)
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Ilieon 6€ GNUELO PELGTOV Pedy Py B

(1),2) > P =P =P

»  yovia 0 elvor avBaipetn

R
| v ox
| B
e =Y S5

»  eméktoon o€ 3 dnotdoelg = H mieon o€ éva onueio pevotov mov npepel

givan 1oL TPOG 0AeC TIg OLevBUVeELg
(ave€aptnn ™¢ 61E00VvonG, Nopog Pascal)

»  Edv 1o pevoto kiveital Kol ep@avifovtol SaTunTikég Taoelc, TOTe N mieon o€
gva onueio etvon n péom tdomn TpLov KAOET®V HeTASD TOVGS EYKAPGIOV

OMTTTIKOV TACE®V

P

_Px+Py+ Pz
3

IE®moec n = 0 (pevoto yopic TPPéS, PavTacTikO pgvotd) = 1=10
07010, KO GV €IVl 1] KiVI|61] TOV PEVGTOV = TIEGT 1010 6€ OAES TIS O1EVOVVGELG
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AMNO-MMA

Pipe or tube

Heat exchanger

H mieon opa kaOeTa oTIg
EMLPAVELES

Dam
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Metafoin TS TEoNS 6TA PEVGTA Za
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Avvapes mov evePYovY 6TO PEVoTO: a) mEoews, ) Papoc

P oz P oz 6P
OF =-|P+—— |0 o0y+ | P——— |0y 0y — yOYOYyOZ = - — dY0YyOZ - YO)Oyoz
z ( ezzjx}’( QZZJXYYXY QZXY YOXOYy
OF =- 9—P8x8y82 oF = - H—P8x8y62
O &y
To dvvopa g cuvieTapévnC OVVOLNG TOL EVEPYEL 6TO onuElo givat:
oF = 1dF , + joF  +koF | = - i£+j@+k£ OY0yoz - ky 0y0ydz,
Oy &y &

F
KOl ETELON TO PEVGTO NPEUEL % =0 (0Ovvoun / povaoa 6ykov = 0)
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.',’.-+_;é—:3-iin'-ci dydx
M ;\' r r |"|5l—1—£-c|‘.3.'_.' avdz
etafoin TG micong . —1 T &
|
’ : e i
GTO PEVOTU Ly v | L ) s
(p—— — ) vz — LT dz G
= oY .-"".l_l___———
IR i
IF+T = P} abuds iy l | r:".'—%—ll}illlfl iy
E 2
B =ppdudvdz
>
Y7o pop@n cuvietOG®OV:
P oP oP
=0 — =0 —=-y|=>dP=-ydz = P=-yz+c¢c
Ox & oz

(Y = pg Y0 OLOYEVN KOl OGLUTIEGTA PELOTA)

n P=yh q P;—P,=pg(z;-271)|6mov 10 h perpiétor mpog o kotw h=-z

(VOPOGTOUTIKOG VONOG TNG NETUPOANG TiESNC) B z
j dP =—pg I dz
AlMNe-MnA Mnxavikj PeuoTtwv Pl 2] 8




Metafol) TG micong oTa PEVGTA TIE

" i

free surface, p=py ¢

Z

P2

H nieon avéaver ypauukd pe to Bdbog

}j%dP = —,og]g dz
P 2

P= P pressure v

-

AVt 1 KaTavoun g mieong AEyeta
VOPOCTATIKY
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AGUUTTIEGTA PEVOTO,

Ta vypd Bewpodvial TpakTIKE acvUTiEGTA,

ONA. 1M TLUKVOTNTA TOVG Elval oTAOEP
P,~ P, =—pg(z, 2,
H mieon P o€ BaBoc h and v eAebBepn empdveila ivor:
_ P, 1 mieon otnv eAevBepn
P - pgh + PO emoaven (P,.=P,.,)

Mg ypnon HETPNTOV TEGNC UTOPOVLUE ATADS VO YPAWOLLE:

P =pgh
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Metapoin tng wicons ne 1o Padog

e H micon o€ pevotod mMOv 160ppomeEl eivan aveEdpTnTN
TOV GYNUATOC TOL 00YEIOL TOV TO TEPIEYEL

e H micon eival n 1010 € OAa Ta onueia Tov 1O10V
OP1LOVTIOD EMITEOOV OEOOUEVOL PEVGTOV

atm YV

Water

Py=Pp=Pc=Pp=Pp=Pp=P5=Py, +pgh
Py+P;




To UBPOOTATIKO TTOPADOLO
(Pascal 1646)

AMNO-MMA
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"YOpeuon

Water tower

or standpipe

Water distribution system
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Apxn Tou Pascal see

Pascal’s principle. An applied l

Both the lever and hydraulic ﬂifj;‘iﬁfggﬁ;‘;fwd o V¥ AAAAAAAA

i i int in the fluid and t - >
machine provide a the walls of the container | o > >
mechanical advantage. < == s
- - >

F - >

F& lz YY > > > VYVYVVvvvy

Elephant with
mass m,

Piston

Mouse with

mass m1 )
Piston (2 places)

— Hydraulic
fluid

L— Hydraulic fluid

o

Fd
S
D,
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Applying Force Equilibrium to a Hydraulic Jack

Problem Statement

A hydraulic jack has the dimensions shown. If one exerts a
force F of 100 N on the handle of the jack, what load, F,, can
the jack support? Neglect lifter weight.

F

5 cm diameter

| Lifter

1.5 cm diameter

4,

A}
Check valve

Define the Situation
A force of F = 100 N is applied to the handle of a jack.
Assumption: The weight of the lifter (see sketch) is negligible.

State the Goal
F,(N) #= load that the jack can lift

Generate Ideas and Make a Plan

Because the goal is F,, apply force equilibrium to the lifter.
Then, analyze the small piston and the handle. The plan is as
follows:

1. Calculate force acting on the small piston by applying
moment equilibrium.

AMNO-MMA

2. Calculate pressure p, in the hydraulic fluid by applying 000
force equilibrium. 00O
3. Calculate the load F, by applying force equilibrium. X XX
o000
Take Action (Execute the Plan) o0
1. Moment equilibrium (handle): o
Y M. =0
(0.33 m) X (100 N) — (0.03 m)F, = 0

~033m X 100N
0.03 m

F, = 1100 N

2. Force equilibrium (small piston):

Z Femall piston = P141 — F; = 0
piA, = F, = 1100N
Thus,
F, 1100N
T A wda
3. Force equilibrium (lifter):

EFuﬁ«=Fz_P1Az=O

F,=pA, = (6.22 X 10‘%)(%T X (0.05 m)z) = [122kN]|
m

Note that p, = p, because they are at the same elevation
(this fact will be established in the next section).

= 6.22 X 10° N/m?

P

Review the Results and the Process

1. Discussion. The jack in this example, which combines a
lever and a hydraulic machine, provides an output force
of 12,200 N from an input force of 100 N. Thus, this
jack provides a mechanical advantage of 122 to 1.

2. Knowledge. Hydraulic machines are analyzed by applying
force and moment equilibrium. The force of pressure is
typically given by F = pA.
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Anorvtn Kot Xyetikn Ilieon

e Amolvtn mieon : H mieon pevotod o€ oyeon Le v meG™ Tov
KeVoL (=0)

e XyeTiKN mieon : Alpopd HETACD TNG TEGMC TOL PEVGTOV KOl
10V TEPPEALOVTOC (TTOV TO TEPPAAAEL)

> Ta cvovnOiGuéva Opyava LETPOVV GYETIKN TECT

» YTOAOYIoUOG OmOALTNG TTiEOC: ])a b — })atm + P gauge

AlMNe-MnA Mnxavikj PeuoTtwv 16
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Y OpOGTATIKI] TLEGT] KOl KOTUOVGELS

@

Vv

AV KPOTNGETE TNV AVOTVOT] GOC GTNV
dvooo ta mvevuovia cog Ba avénbolv ce

0YK0 4 Popéc mpokaAmvTag EUPOAT] KoM

0davato
AMNO-MMNA

Mnxavikj PeuoTtwv V2

000
000
o0
o
e Ilicon oto 00 ota 100 ft
P, = pgz=| 99878 | 9,817 |(100 )| "
sese2 = P8 m )0 S 3281
. 298.5kPa( Latm j —2.95atm
101.325kPa
Pyr=Pper + B, =2.95atm +1atm = 3.95atm

e Kivovvog dueong avooov
(vouog Boyle)
nv=nr,
Vi P, 3.95atm _
I

4

latm 18
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000
S 0000
o000
Na vitoroyroBel ) wieon ota onuelo A,B,I. To doyelo mept€yer vepo non agpa »at :'
ELVAL AVOLXTO LOVO OTO oLoTeRS Gxpo tov. p . =1,013 x 10° Pa.
1
m _E_ _____ _____[__m
20 cm
20cm T |-~ 1~ 1 TR —~
— I l ) em T
20cm ) Ah=0.2 meter
A 1 m M o
‘1ITI _._ __________ | 1 ¥ _ _

H migon og cha ta onueic oto (010 0pILOVTIO EMITEDO EVOC PEVOTOV OULLPOVCL [LE
Ta mponyovpeva eival otabepn. "Etou €yovne:

Pa= Py + ¥ *x1.2m=1,013 x 10°+9800 x 1,2 = 113060 Pa.

O méoeig ora onuelo B now I' elvan (oeg, emeldn elval (oeg e v mieon tov
€00 OTO YWEO TOV TYNUATOC. ZUVemmS Ba woyveL: PB:P A'V°1 4
5

py=ppt+ LAm xy xpy= 113060 — 9800 x 1,4 = 99340 Pa. 19



Hopdaosrypo meoe®v - MéTpnon micong

K P=Py

p4 =200 kPa gage
(p4 = 28.9 psig)

Local atmospheric pressure (gage ref.) p =0 Pa gage = 101 kPa abs
p4 =301 kPa abs ! l (p =0 psig = 14.7 psia)
(p4 = 43.6 psia) pp=—>0kPa gage
(pg=-—7.25 psig or 7.25 psi vacuum)
y

Patm = 101 kPa abs

I P=Pp
(Patm = 14.7 psia)

pp=51.0 kPa abs

(pg=1.45 psia)
Absolute zero (abf;’flflte)
/ p = 0Paabs
(p = 0 psia)

e Mavopetpa : Opyavo LETPNONG TNG TEGTNC TOV PELGTMOV
e Bapopuetpa : Opyava UETPNONG TNG ATUOCPALPIKNG TIECTC
e Amoélvtn mieon = ( pavouetpikn mieon ) + ( ATULOGPALPIKY TTiEoT))

AlMNe-MnA Mnxavikj PeuoTtwv 20



To pavouerpo

e H dwapopd vyovug katd Az og pevoTd OV
ooppomel aviiotoryel oe AP/pg

Gas e H cvokeun mov Baciletor otnv mapamdve

e Amoteieiton and £va U-tube pe évan
TEPIGGOTEPU PEVGTA OTTMC LOPAPYVPOC,

h apyn AEYETAL LOVOUETPO
B
1 -

———r__ 41 VEPO, OAKOOAN, LA, KTA.

e XPMNOCLOTOL0VVTOL PEVOTA LE LEYAAN
TUKVOTNTO, OV EKTILOVTOL LEYAAES
dapopEg mieong

=P,
=By + &N

oU 2T
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MOovOUETPO TOALOTAMV PEVGTOV | 8232°

' atm
Fluid 1

e [0 cvoTNUOTO TOALATADY PEVGTOV

e H owpopd mieong Katd UNKoc Hog
GTNANG PELOTOV VYOLE /1 gival AP = pgh

e H mieon avdvel mpog T KAT® Ko

Fluid 2 LLEWDVETOL TPOG TA, TAV®

o Xg 2 onueia 10100 VYoc o€ GLVEYOUEVO
peLGTO 1M mieon eivon 1O

e H mieon vroloyileton mpocOETovTag Kot
aQalpOVTOS pgh

Fluid 3

Lot P18+ P, 8H, + pighy = B

AlMNe-MnA Mnxavikj PeuoTtwv 22



METPOVTUS TTMOGT TIECNS

A flow section o X¢ BaArPidec, aywyoig KTA.

: or flow device
id o - e H oycon ywa v ttwon mieong

ul

P ;-P, vroloyileton apyllovtog
ot1o onueio 1 ko mpocHEétovtag

N APALPOVTOG OPOVC pgh UEYPI
VO, OTATOVUE OTO TNUELO 2

AV TO pELGTO GTOV AYWYO €lvor
aEPLO TOTE p,>>p; Kot apa P-
Py=pgh
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To Paponetpo

)
T/ C
2 A
h
W=pghA 1
\ B |
@ A 4
\ Mercury / H

PC+pgh:})atm
})atm :pgh

Métpnon aTHOGQAIPIKTC TEGTC
(Bapouetpikn wicon)

H nieon P~ 0 (uovo atpoi Hg mavo
amo to C e mieon << P,

H petafoin tne aTtuoc@opikng
Tieonc AOY® VYOUETPOL EYEL
O1d.pOopa ATOTELEGLOTO CE
OPACTNPLOTNTEC OTMC LOYEIPEULQL,
apoppayio (LOTNG), andooon
UNYOVOV EGOTEPTKNG KOG, KTA.
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Movaoeg Iligong

Unit Definition or
Relationship
1 pascal (Pa) 1 kg m! s
1 bar 1 x 10° Pa
1 atmosphere (atm) 101,325 Pa
1 torr 1 /760 atm
760 mm Hg 1 atm
14.696 pounds per sq. 1n. (psi) 1 atm

AMNO-MMA Mnxavik PeuoTwv
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MeETpnon ol@opag TieoNnS

Pressure
Pa l
Ecicaovovtac tic méseic P,=P;, 4
})2 — })a +pbg(Zm +Rm)
})3 :})b +pbg(Zm)+lOang
2

P, —F,=gR,(p,~ p,)

AlMNe-MnA Mnxavikj PeuoTtwv

l

Pressure

Py

5

Fluid B
Density o

Fluid A
Density p,
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MeETpnon otaTIKNG wigons - MavopetTpa

FWOEOC YUoW amtd 10 .
X9eos Yve HEVO

pevoto C \\\\
P T
P A . O TLOG(QOLPIKN

+ vyl

DEVOTO TOU OO
WETRETON 1) lEOM

vypo B P

amOAVTN

AvoikTto (aprotepd) Kol KAEIGTO (0e€1d) LAVOUETPO.
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Mérpnon otaTikng wigong - Mavopetpo eees”

Test Section
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0000
, , i
Kekipévo pavoperpo i
e [l TN LETPMNOT UIKPDOV OLOPOPDV TEGEWV TPEMEL

va pueyebuvlet kdmme to R,

Pressure Pressure
P Po

| |

v
(B

¢ ’ l : .20 30' 40 I |i
hmlm ol e e o YA
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AMNO-MMA

An inclined manometer is required to measure an air pressure of 3mm of water to an accuracy of +/= 3%,
The inclined amm is 8mm in diameter and the larger amm has a diameter of 24mm. The manometric fluid
has density 740 kg/m® and the scale may be read to +/~ 0, Smm.

What is the angle required to ensure the desired accuracy may be achieved?

[12%397]

Pq diameter d \ -
I¢ I

diameter D

)
%“”'b
B

o)

Pi— P2 =Pl = ﬂmag{:l + :1]'

Volume moved from left to right =z d = __—1|9A1 = x4,
sin
D’ z, mi md”
=z = X
"4 smf 4 4

i dl ]
PP = p‘""'gxik sin &+ F,.'

2

i
h = sinf+—
Proaer 8 ﬂmgﬂkxm D

i 2
P =(074x p... ) gﬂksin o+ {?ggﬁlj
=074 x (sin€+01111)
The head being measured is 3% of 3mm = 0.003x0.03 = 0.00009m
This 3% represents the smallest measurement possible on the manometer, 0.5mm = 0.0005m, giving
0.00009 = 074 00005 (sin@+01111)
sind= 0132

Hd=T6"

30



X X )
0000
M¢ 1¢ Tl Mava 444
£Tpnon otaTiKIG ieons - Mavopetpo, °co
o0
o
MikpoupavopeTpo
PEYZTO A p l’l u p
i) i
p f\ ! Serrouty 5, “‘
" ¥ | A | 4 py=pp =p,+ 1+ A2) + v, (z-Az +y/2) =
‘ ] Az T Pyt ¥ (h=Az) + v (z + Az =7v/2) + v
),‘
wypd B =
J-'."E P -P 2= y {Y c Y B (1 - Sg";Sl) - ‘Y‘.-l *S‘g""Sl}
Suerrout) 8o ¥/2 Ene1dn ouvvnBmg S_,<<S 1 TOTE €YOVUE:
A . . .
: Pi—P,=Y (Y.~ V)
wypdd O
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MeETpnon otaTIKNG Tigons - MavopetTpa

P, P, =
= -
l l =~ <
l l ' I )
s = S —

w

MavopetTpo enimigvong.

AlMNe-MnA Mnxavikj PeuoTtwv

EmumAéov coua
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Mavoperpo Bourdon (pétpnon HovopeTpikig mieonq)

AMNO-MMA

Pinion

o
Jd— Link

Gear sector

Pointer

Bourdon
tube Light spring maintains

contact between the

pinion teeth and the

gear sector

Pressure
connection
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HAgKkTpOVIKOL LETPNTES TTIEGNS

PX725A Heavy Duty/Industrial - T
PX1004 ! Pressure Transducers -
Special Purpose Transducers
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Atpnoc@orpikn Ilicon

P»\(oos?hefe ///

Column
/_ of air

—

Earth

/

Edge of the atmosphere;

/p=0abs

At London (EL = 35 m): p,, = 101 kPa

At Denver, Colorado, USA (EL = 1650 m), p,., = 83.4 kPa

Near the summit of Mount Everest, Nepal (EL = 8000 m): p,.,, = 35.6 kPa
At a typical cruise altitude of a jetliner (EL = 12,190 m): p,.,, = 18.8 kPa

AMNO-MMA

Mnxavik PeuoTwv
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Atpoc@orpikn Ilicon

Mo pikpn mrosdtnta vepoL PBpdletl oe Bapéi 200 Altpwv. o0
Otav 10 Bapéh cepayiletor Kot YoyeTol Pe Thyo N aTUOCQUIPIKY Ttieon To cvpmiélet amdtopa.| @




[lopaoerypa 2.4 0006
- - - Ao g w - - - - S # . . . .
[Toom eivon 1) ieon otov omiva Ao (B€am 4), edv 1) mieon 0To owhva vEQOU 000
eivar 10 kPa (1 Pa=1 N/m?). Atvovtan vy =9810 N/m?, vy, . =8436 N/m’, ® o
WEQOU WLOLo a
v,=6670 N/m’. 5
Yoypd a T
N B
ITowrog Tpomog n -
2 ]

OpiCovue onueic 6mov €yovue dLaymOLOTIRY EMPAVELL OV0 QEVOTHV 1] ONueia .

mov Qnreltar 1 wieon. YmokoyiCovpe 1 Olopood TEONS NETAED TV axoalmv

onuelmy wov proeel vo. avirataotabel pe 1g emugpovg O ] (ec oS hi=12cm
£ ) O€ L UE TIS EMUEQOVS OLAQODESC, Ol OTOLEC \

vrohoyCovral amd 1o el fdoog »al 1o Mpog ™mg avriotolyms otiine. [lpooé-
YOUUE Ol TlEON elval peyaliteQr, wmote va fdlovie To owotd mpoonuo. Ta O/—

TOONYOULEVH EQROUOCOVTOL YICL TY) ADOT) TS ORI,
Py Py= Py P)HP2=P) T3 =Py) = Vepos 1 T Y Mo+ Viasios (112)=
9810 % 0,12 + 6670 x 0,1 - 8436 x 0,1=1177 + 667 — 843,6=
1.000 N/'m* = p,=p - 1000 N/m*=9 kPa .

Agvtepog Toomog

ApyiCovue amd To apLOTEQS TEMXO ONUELD %ol TOOOHETOVIE TLEDT), OTAV 1] OTIA)
glvaL OO ToL HATW, EVID CQPULOOVUE OTQV EIVOL TOOC TCL TIAVMD, UEYOL VI (PTACOVNLE
oV TeA mleon ota deEud, ne v omota eival (oeg. "Etol €youvpe:

Py y‘.l*.?gm? kl ~ Ve kz + Yias hg = Py =>p4 = O kPa.

AMNe-MMNA Mnxavik PeuoTwv 37



Av 1o vyog H = 16 cm va foeBel i) mieon oto onueio A. Aidovral =9810

3. —_ 11 N — —
N/m~, ,ng—133,4 kPa, ,raéQa—O, pmm—IOI kPa.

AL ,
i ve o

Hyg
Afpac
(2) (3)
Nepd ‘
h=4m 1 b
v—
A
(1)

P1=Ps=(Pr=P)H(Py=P)H(P3=Py) = Vyegos ' + 0 + vy, ((H) =
9810 x 4 - 133400 x 0,16 = 39240 — 21344 = 17,9 kPa, =
p,=p,+17.9 kPa=1189 kPa.

ANO-MMNA Mnxavikj PeuoTtwv
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L VOUTLEGTN] PO

Tn}hd BOUVd L A A The Ocean Star

["'emTpNoElc PLGIKOV agPiov
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YVOUTLEGTI] PO

e Ta agpila eival cuumiEsiua, ONA. 1 TVKVOTNTAE TOVG
uetoPdAieton pe n Oeppokpacio Kol TNV TECN

[ pukpéc aAAayEC VYOUETPOL (OTTMC GE EQUAPUOYES
LUNYOVIKNG, KTA.) 01 00O pEC TTieonc Bempovvtal
OLULEANTEEC

['evika :
dP
e
yiao'T =71, = oral.

})2 :})1 eXp|:— g (ZZ _Zl):|

—Pg

RT,

AMNO-MMA Mnxavik PeuoTwv 40



ATHOGQUIPIKES GYEGELS -

e Xtabepn petaPoin Bepurokpaciog e 1o VYog

-8 (z—zp)

p(z) = pye

o ['popukn petafoAn
Oepuokpacioc Le To VYoc

Altitude (k)

Iy —a(z—z,)
1

00 80 B0 .40 -20 0 20 40 60
Temperature (°C)

¢ ox
p(z):po[ }

MetafoAn Oepurokpaciog e to
VYOC Y10 TUTTIKT] OTLOCQOLPO.
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EXAMPLE 3.3

Applying the Hydrostatic Equation to Oil and
Water in a Tank

Problem Statement

Oil with a specific gravity of 0.80 forms a layer 0.90 m deep in
an open tank that is otherwise filled with water (10°C). The
total depth of water and oil is 3 m. What is the gage pressure at
the bottom of the tank?

Problem Definition

Oil and water are contained in a tank.

@

ik

N

0il @ 0.90 m
Water

T=10°C 2.10 m

Properties:
« Water: (10°C, 1 atm, Table A.5): Yyater = 9810 N/m’

o Oil: vo1 = SVyater, #c = 0.8(9810 N/m?) = 7850 N/m?

State the Goal
ps (kPa gage) #= pressure at bottom of the tank

Generate Ideas and Make a Plan

Because the goal is p;, apply the hydrostatic equation to the
water. Then, analyze the oil. The plan steps are as follows:

AMNO-MMA

1. Find p, by applying the hydrostatic equation (3.10a).
2. Equate pressures across the oil-water interface.

3. Find p; by applying the hydrostatic equation given in
Eq. (3.10a).

Solution

1. Hydrostatic equation (oil):

& + Z1 = P_Z aF 2y
Yoil Yoil
0P
2 43m-= P im
Yoil 0.8 X 9810 N/m
p, = 7.063 kPa

2. Oil-water interface:
P2|oil = P2|water = 7.063 kPa
3. Hydrostatic equation (water):

P2 + 2y = L + Z3
'Ywater 'Ywater
7.063 X 10° Pa
e A ime

3 m=———+0m
9810 N/m 9810 N/m

‘ ps = 27.7kPa gage‘

Review

Validation: Because oil is less dense than water, the answer
should be slightly smaller than the pressure corresponding

10 m =~ 1 atm. Thus, a 3 m water column should produce a
pressure of about 0.3 atm = 30 kPa. The calculated value
appears correct.

Mnxavik PeuoTwv

to a water column of 3 m. From Table E1, a water column of
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EXAMPLE 3.4

Pressure Measurement (U-Tube Manometer)

Problem Statement

Water at 10°C is the fluid in the pipe of Fig. 3.16, and mercury
is the manometer fluid. If the deflection Ah is 60 cm and ¥ is
180 cm, what is the gage pressure at the center of the pipe?

Define the Situation

Pressure in a pipe is being measured using a U-tube manometer.

Properties:
« Water (10°C), Table A.5: y = 9810 N/m?
 Mercury, Table A.4: y = 133,000 N/m’

State the Goal
Calculate gage pressure (kPa) in the center of the pipe.

Generate Ideas and Make a Plan

Start at point 1 and work to point 4 using ideas from Eq. (3.10c).
When fluid depth increases, add a pressure change. When
fluid depth decreases, subtract a pressure change.

v,,(manometer liquid)

Take Action (Execute the Plan)

1. Calculate the pressure at point 2 using the hydrostatic
equation (3.10c):

p, = p: + pressure increase between 1 and 2 = 0 + vy, Ah,,
= v,,(0.6 m) = (133,000 N/m?)(0.6 m)
= 79.8 kPa
2. Find the pressure at point 3:

« The hydrostatic equation with z; = z, gives

P3|water = Pleater = 79.8 kpa

» When a fluid-fluid interface is flat, pressure is
constant across the interface. Thus, at the oil-water
interface

P3|mercury = P3|water = 798 kPa

3. Find the pressure at point 4 using the hydrostatic
equation given in Eq. (3.10c):

ps = p; — pressure decrease between 3 and 4 = p; — v,/
= 79,800 Pa — (9810 N/m>)(1.8 m)
= 62.1 kPa gage
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EXAMPLE 3.5 Properties:

il- = = 3 — 3
Manometer AnaIySIS « Oil: Yoil S'Ywater 0.8 X 9810 N/m 7850 N/m
« Mercury, Table A.4: y = 133,000 N/m’

Problem Statement

What is the pressure of the air in the tank if £, = 40 cm, €, = State the Goal

100 cm, and £; = 80 cm? Find the pressure (kPa gage) in the air.

Air
ﬁ/ Generate Ideas and Make a Plan
A ) jl_ Apply the manometer equation (3.21) from location 1 to
- 5 T location 2.
@_ = T ) T B _®
j_ € || Mercury Take Action (Execute the Plan)
ol - Manometer equation:
— M E '
Pt Z'Yihi _Z'Yihi =P
(S=0.8) down up
P + 'Ymercury€3 - ‘Yairez + ‘Yoilel = p2
Define the Situation
' et 0 + (133,000 N/m*)(0.8 m) — 0 + (7850 N/m*)(0.4 m) = p,
A tank is pressurized with air.
Assumptions: Neglect the pressure change in the air column. P2 = par = 110 kPa gage
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