CHAPTER (3)

FLUID STATICS

SOLVED PROBLEMS
Dr. MUNZER EBAID

Mech. Eng. Dept.
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Problem (3.1)

Weights —

Piston —
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PROBLEM 3.1

Situation: A Croshy gage tester 15 applied to calibrate a pressure gage.
A weight of 140 N results in a reading of 200 kPa.

The piston diameter 15 30 mm.

Find: Percent error in gage reading.

APPROACH I

Calculate the pressure that the gage should be indicating (true pressure}. Compare
thiz true pressure with the actual pressure.

ANALYSIS | Weights —

Piston — |
True pressure

F
4

140N
(7/4 x 0.032) m
193, 049 kPa

Percent error

(Preumde:l - Pirue} 100

P‘HL[E'
(200 — 198) 100

198
1.0101%

% Error

% Error = 1.01%




Problem (3.7)

)4 p,=50.0kPa
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PROBLEM 3.7

Situation: A closed tank with Bourdon-tube gages tapped into 1t 15 deseribed 1n the

problem statement.

Find:
(a) Speeific gravity of oil.
b} Pressure at C.

APPROACH I

Apply the hydroztatic equation.

| ANALYSIS I

—

l

0.5m

4 p,=50.0 kPa

A
1.0m

N
0.5m

1.0m

4

0.5 m

_T_

Hydrostatic equation (from oil surface to elevation B)

PaT+7¥za = pPeTViZB

50,000 N/m® ++_,(1 m)

Specific gravity
5=

Hydrostatic equation (in water)

B p,=58.53kPa

58,630 N/m” + ~_, (0 m)

L oil

Yoy = 8530 N/m’

-

{ wil

8530 N/m’

Vwater 9810 N/m’

Seit = 0.87

Pe = | Prim of ui]j T Ywater I:l ITI}




Fluid Statics

Hydrostatic equation (in oil)

Prim of il = {ESH 530 Pa + Yail = 0.5 I'ﬂ]
Combine equations

p., = (58, 530Pa+,, x 05m)+ .., (1m)
(58, 530 4+ 8530 = 0.5) + 9810 (1)
72,605 N/m’

p. = 12.6 kPa
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Fluid Statics

= M +7n
1+ (SVwater) (21 — 22)

1.592 x 10° Pa + (0.85 x 9810N/m®) (=2 m)
— 1425 x 10°Pa

Equilibrium (piston 2)

F, = Pzﬁlz

(1.425 x 10° N/ m?) (M)

4

1119N

Fy =1120 N
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Problem (3.15)
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PROBLEM 3.15

Situation: A tank fitted with a manometer 1s described in the problem statement.

Find- Deflection of the manometer (Ah)

| APPROACH I

Apply the hydrostatic principle to the water and then to the manometer flnd.

ANALYSIS

Hydrostatic equation (location 1 1s on the free surface of the water; location 2 1s the
interface)

nfpl + 3z = TPE + Zo
water water T
Uae P2 15 cm
o810N/me T 0™ = GgioN/me T O™
Py = (0.15m) (9810N/m?) TL
= 1471 5Pa 20 em
Hydrostatic equation (manometer fluid; let location 3 be on the free surface) L
p—z -+ Zy = p—ﬁ‘ + Zn
Vman. fuid Vman. Auid
1471.5Pa 0Pa
0 = — 4+ Ah
3 (9810 Nﬁfl Iﬂ3) Tom Vman. Auid "
Solve for Ah
1471.5Pa
Ah =
3(9810N/ m?)
= 0.0500m

[ AR =500 cm]|




Problem (3.28)

Mercury
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Fluid Statics

PROBLEM 3.28

Situation: A pipe system 1s described in the problem statement. ‘_Q

ind: Gage pressure at pipe center fisifely pressure at " Water
- —n 24 in. 1 — _
| ADPRO ACH' center of pipe (A)=" P, = P;

Apply the manometer equation.

|ANALYS]SI
M t t1 fr A to th d of th t
alriometer equatlon ( o1 O e Oopen end o e manoimeter Mercury/U

pa+ (2.0 £6)(62.3 Thf/ft%) — (2/12 ft)(847 1bf/ft7)

™|
=

ps = —1246Ibf/ft” + 1412 1bf/ft* = +16.6 1bf/ft’
pa=+0.12 ps1
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Problem (3.39)

Find pressure at
center of pipe (A)="?

08/12/2010

Oil (S =0.8)
P, = P

Mercury
(S=13.6)

Dr.Munzer EBAID

12



0il (5 = 0.8)\7//_\\

Water
T o0 em | [150 em

T Water

Mercury
(§=13.6)

PROBLEM 3.39

Situation: A pipe system 1s described 1in the problem statement.

Find: Pressure at center of pipe A.

| ANALYSIS I SG Vwater = P9 = 1000 x9.81

Manometer ecluatinn /\n
py = (094+06x136—-18 <08+ 1_5)9___81{1 = 89 467 Pa

py = 8947 kPa




Problem (3.40)

Air

! Elevation =z,
A B
/A Oil (S = 0.85)
Elevation =z,
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PROBLEM 3.40

Situation: A pipe system 1s described in the problem statement.

Find: (a) Difference in pressure between points A and B.
(b) Difference in piezometric head between points A and B.

[APPROACH]

Apply the manometer equation.

Manometer equation

pa—(1m)(0.85 x 9810N/ ma_} + (0.5m) (0.85 x 9810N/ ms) = pg Ll — 1m
pa—pr = 4169Pa

1 — 5 = 1169 kPa L2 = 50cm
Piezometric head Z i _ Z . _ 11 B 10 _ 1m

hu-_l—hg = (%—44—24)—(}1—34—2’5}

= ———+(za—28)

B 4169N/m* .
T 085 %< 080N/ m®

= —05m

p;; — PE

h‘_i - h-B = —0.50 m




Problem (3.65)

| PROELEM 3.65 I

Situation: A butterfly valve 15 described in the problem statement.

Find: Torque required to hold valve in position.

Hydrostatic force

sina

o

yyA
= (30 ft x 62.4 Ib/ft")(m x D?/4) it?)
= (30 % 624 x 7 x 10°/4) I

= 147,027 1b
Center of pressure
v —3 = I/§A
= (mr*/4)/(gmr?)
= (5%/4)/(30/ 266)
= (.1804 ft
Torque
Torque = 0.1804 « 147 027

T =126, 520 ft-Ibf
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30 ft
Note:h., = ysina =30 ft— l

Air at
atmospheric pressure

10-ft diameter

y =30/sin60



Problem (3.65) - HW

| PROBLEM 3.?8'

Situation: A curved surface 15 described 1n the problem statement.

L=1m

Find: (a) Vertical hydrostatic force.
(b} Horizontal hydrostatic force.
() Resultant force.

| ANALYSIS |

Fr = 1x9810x1x+(1/4)7x(1)* x1x9,810
F-=17515 N
r = ‘MDF'IF\.'

1
= l><1><1xQ,ElDxﬂ.5—1><Q,Slﬂval—x?:udmfliﬁla

0

=
Fy = pA

= (1405)9,810x1x1
Fy=14T15N
Yop = f"’ff"@f{

= 154+ (1x19)/(12x15x1x1)
Yep = 1.555 m
Fr = +/(14,715)% +(17,515)
Fr=22 876N
tanf = 14 T15/17 515

X

Surfaceis 1 m
long (normal to page)

F, =y sinaA = (9810)(1)(1x1) = 9810N

(9810 x 0.5) + (7704.76 x

W =W, = 9810x%7r><12 = 7704.76N

F, =9810+7704.76 =17514.76N
4r
XpFy, =(0.5xF,)+(W xg)

Water

4x1
3% _0.467

° 17514.76




Problem (3.82 N

i Water
N '
[PROBLEM 3.32] T HEMi= /" aospheric

FH Y2 spherical

B T—

Situation: A dome below the water surface 1z deseribed in the problem statement. pressure

—

Find: Magnitude and direction of force to hold dome m place.

ANALYSIS heo = ySina =y, +y,/2=1+1=2

w7
&

Fg = (14+1)9810 x 7 x (1)
= 61,640 N =61.64 kN

This 61.64 kN force will act horizontally to the left to hold the dome 1n place.

y =1+1 't
_ - | ="—
Vo —¥) = I/74 4
= (mx1*4)/2x7x1%)
= 0.125 _
o |:v - 7Vdome

The line of action lies 0.125 m below the center of curvature of the dome.

Fr = (1/2)(47 x 1%/3)9,810 V. ) 4
20 550 N dome / Sphere ™
F,=20.55 kN

To be applied downward to hold the dome 1n place.




Problem (3.101)

0

Wt
PROBLEM 3.101
Situation: A hydrometer 1s described 1in the problem statement.
Find: Weight of hydrometer.
FB

| ANALYSIS I

Volume of
Immersed part Fow = W.

/ -y W
(1 em? + (5.3 em)(0.01 em’))(0.1%) m® /em® () = W
(1.53 em®)(107¢ m®/em®)(9810 N/m?) = W
W=150x10"2N




Problem (3.101)

Longitudinal Axis

PROBLEM 3.110

Situation: A floating block 1s described in the problem statement.
Find: Stability.

ANALYSIS
Analyze longitudinal axis
GM = Iy/V- —-CG

— (BH(2H)"/(12 x H x 2H x 3H)) — H/2
= —H/6

Not stable about longitudinal axas.

Analyze transverse axis.

GM = (2H x (3H)*/(12 x H x 2H x 3H)) — 3H/4
0

Neutrally stable about transverse axis.
Not stable

Transverse AXIS




Problem (3.105)

%

PROBLEM 3.106

Situation: A barge 1z deseribed 1n the problem statement.

N
IIII-IIIIIQIIIIIIIIQ
-+

Find: Stability of barge. Axis of Symmetry

| ANALYSIS I Wit L

Draft = 45[:/ 000/(50 x 20 x 62.4)
= 641 ft <81t

GM = Ip/V- —CG
= [(50 x 20°/12)/(6.41 x 50 x 20)] — (8 — 3.205)
— 040 ft

Will float stable




END OF QUESTIONS
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