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Mid-term Exam

Fluid mechanics

Nov. 4, 2017 (First term)
Allowed time: 1.5 Hours

El-Mansoura University
Faculty of Engineering

Dept. of Irrigation & Hydraulics
Second Year Civil Engineering

Total Marks : 30 OB 5 (A Jlaiay)
Answer all the following questions Mention corresponding dimensions of the calculations.
Illustrate your answer with neat Sketches. Y = 9810N/m’ =62.4Ib/ft’, g = 9.81m/s’ =32.2ft/s"
1-a) Define what is the gravitational unit system. Mention an example. (2Marks)

Gravitational systems are based on Length (L), force (F), and time (T). The force (weight) depends on gravity
acceleration (g) which in turn varies with location, so the system is named gravitational. Force F =

weigth:C(M)=C1(rﬂz)=m-g' g:fun(rlz)

r2
where: C, C; are constants, M,..., mass of earth and considered constant, F weight of the studied mass m, r
is distance from center of earth to location of the mass m on the earth surface.

1slug =1 Ib/ (1 ft/s?) (1 Mark)
Dimensions | Mass M | Length (L) Force (F) Time (T) | Temperature Temperature
Absolute (6) Ordinary (6)

BG system Slug” Foot (ft) | Pound force (Ib) | Second (s) | Rankine (R%) | Fahrenheit (F°)
R=F°+459.67 | F’=1.8C° +32

(1 Mark)

1-b) The pressure in a natural gas pipeline is measured by the manometer shown. The local atmospheric

pressure is 14 Ib/in’. Determine the absolute pressure in the pipeline. (S.G..; = 0). (y.:=0) (4 Marks)
+—H
2in
25in
5
L
\— Water
— 6241w (1) = L)
Y = 6245 (mn) = 00361 (1Mark)
Pgas=P1=P21 & P3=P4_=P5, (lMark)
o Pygs = Py = P3+ 6in Xy, = 27in Xy, + Py + 6in X ypy (1 Mark)
o Byas = 2700 X Yy + Papm + 6in XSGy X iy
= 27in X 0.0361 = + 142 + 6in X 13.6 X 0.0361 = = 17.92-2 = 2580.7 = (1 Mark)
in in in in ft



2) A long, solid cylinder of radius r = 2ft hinged at point A is used as an automatic gate. When the liquid depth
reaches 15ft, the cylindrical gate opens by turning about the hinge at point A. Determine (a) the hydrostatic
force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per ft
length of the cylinder. (S.G.iquis=1.2) (10 Marks)

X
\'
L X‘
Cor
A
R
Y
Y2 H &
H, \ 4 Y \%LW
a

a) Horizontal hydrostatic forces acting on the cylinder are H; & H,

H =y, x(L—71)xrxlength = 1.2 x 62.4]% x 13ft X 2ft X 1ft = 19471b (1 Mark)
H, =y, XrX g X length = 1.2 X 62.4% X2ft X 1ft x 1ft = 149.76lb (1 Mark)
H=H, + H, =1947 4+ 149.76 = 2096.76lb

Moment of H @ A = X moment of their components @ A

.y = Hvithey, _ 1947X1ft414976x4/3ft _ 4 023ft (1 Mark)
B H 2096.76 '
Oor H=vyAh, = 1.2 x 62.41% x 2ft x 1ft x 14ft = 2096.76lb (1Mark)
; 2fe 1ftx(2f6)3 2
ST A.) LR v I— 3
Y = 5 + ah, 5 + ZFex1fix1afe 1+ o8 1.023ft (2Marsk)

Vertical hydrostatic forces acting on the cylinder are V, & V,
V, =y, x (L—71) X7 x length = 1.2 X 62.4;—:’3 X 13ft X 2ft X 1ft = 1947lb (1 Mark)

w(2ft)?
4

2
Va = v1 X == x length = 1.2 X 62.4}% X x 1ft = 235.3lb (1 Mark)

V=V, +V, =1947 + 235.3 = 2182.3lb

Moment of V @ A = £ moment of their components @ A

4r
ViX1+Va X 1947><1ft+235-3><(2ft—gft) _ 1947x1ft+235.3x1.15ft

L X = = = 1.016ft (1 Mark)
14 2182.3 2182.3
Total Resultant of hydrostatic forces R
R =VH? +V2 =+/2096.672 + 2182.32 = 3026.3lb (1 Mark)
tana = ~ = 2223 — 1,04 ~ = 46.15° (1 Mark)
H ~ 2096.67

b) Y. moment for all forces @ A = 0.0
CW = HY+V.X _ 2096.67x1.023+2182.3X1.016

T 2ft

= 21811b (2 Marks)



3-a) The pressure outside the droplet of water of diameter 0.03mm is 10 Pa . Calculate the pressure within the
droplet if the surface tension of water is 0.00073N/cm (2 Marks)

Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to
surface tension acting around the perimeter of the cut (o 7d) and 2) pressure force due to pressure intensity
inside the droplet in excess of the outside pressure intensity (p 7 d°/4), these two forces will be equal and
opposite under equilibrium conditions, then:

(a) DROPLET  (b) SURFACE TENSION

( :

(c) PRESSURE FORCES

d? 4
pnT =0.T. d' or P = Pin —Pout = 76 (1 Mark)
N
40 N ( 1m 2  4x0.00073_- N
“Pin = Poue + 5 = 1025 (100cm) oo0zem = 0-974 7 (1 Mark)

3-b) A uniform wooden beam (5.G. = 0.65) is 10cm X 10cm X 3m and is hinged at A. At what angle & will the

beam float in water? (5 Marks)
(3-x/2)m ﬁ A
' T
\/ \g Im
A4 i
= X
&
B W
W = weight of the body l= volume of the body X Ypoqy = Length L X cross section area A X Ypoqy
B = Uplift T = submergened volume X y,, = submergened length X X cross section area A X ¥,
(1 Mark)
The body under equilibrium, then Xmoment @A =0.0
L X
WXEXCOSG =B><(L—E>><cose
L X
L LX AX Vpoay X2 =X x Ax ,, x (L=3) (1 Mark)
L X
+ L X SGbOdyXEZX X(L—E>
~ L2 X SGpogy = 2X L — X2 or X2 —2XL+L?X SGhogy =0 (1 Mark)
+2L + \/(—ZL)Z — 412 X SGpoqy
X =
2
—6)2—
b X = TR0 _ g 23m (1 Mark)
sing == =" — 0565 . 0° =344° (1 Mark)
L-X  3-1.23



4-a) A tank has a bottom with 2m wide x 5m long is filled to a depth of 0.8m with a liquid of mass density
840kgm™. What will be the force in N on the bottom of the vessel (a) when being accelerated vertically
upwards at 4ms?, (b) when the acceleration ceases (stop) and the vessel continues to move at a constant
velocity of 7ms™ vertically upwards? (3Marks)

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A

P =pgh(1+ %) = 84022 x 9.81 5 x 0.8m x (141 -+ = 6592 x 1.407 = 9280Pa (1 Mark)
~F=2m Xx5m X 9280Pa = 92800N (1 Mark)
b) When the tank is moving with constant velocity vertical acceleration a, =0

~ F=pghA = 6592 X 2m X 5m = 65920N (1 Mark)

4-b) A volume of glycerin equal to 10 liters has a specific gravity of 1.26. (a) Determine its weight in pounds and

in Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on

the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface? (4 marks)

a) Weight W = Mass X gravity acceleration = Density X Volume X gravity acceleration
=pXxVolxg=8Gxp, xVolxg=S8GxVolxy,,

3 3
“W = 1.26 x 10liters x 2220 ( L ) X 6242 = 27.771b (1 Mark)
1liter 30.48cm ft
3
» W = 1.26 x 10liters X ——— x 9810 — = 123.6N (1 Mark)
1000liter m

b) Mass on Earth = Mass on Moon = constant M = SG X p,, X Vol.= SG X %‘” X Vol.

62.4;—173

. l
ftt X 10liters X =4
3227

ft3

~M=126x

1000cm3 ( 1ft
1liter 30.48cm

3
) = 1.26 x 1.94°29 % 0.353ft3 = 0.86slug (1 Mark)

. ravity acceleration on Moon
W = weight on earth X g 4

= 27.771b X % = 4.631b (1 Mark)

gravity acceleration on Earth



Mid-term Exam

Fluid mechanics

Nov. 4, 2017 (First term)
Allowed time: 1.5 Hours

El-Mansoura University
Faculty of Engineering

Dept. of Irrigation & Hydraulics
Second Year Civil Engineering

Total Marks : 30 OB 5 & oladay)

Answer all the following questions Mention corresponding dimensions of the calculations.
Illustrate your answer with neat Sketches. Y = 9810N/m’ =62.4Ib/ft’, g = 9.81m/s’ =32.2ft/s"

1-a) A volume of oil equal to 5liters has a specific gravity of 0.7. (a) Determine its weight in pounds and in

Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on

the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface? (4 marks)

a) Weight W = Mass X gravity acceleration = Density X Volume X gravity acceleration
=pXVolxg=5GXxXp,XVolxg=58GxVol Xy,

3 3
@ W = 0.7 x Sliters x 2220m" ( 1t ) x 62.4-2 = 7.721b (1Mark)
1liter 30.48cm ft3
3
# W = 0.7 X 5liters X ——— x 9810 — = 34.3N (1Mark)
1000liter m

b) Mass on Earth = Mass on Moon = constant M = SG X p,, X Vol.= SG X %W x Vol.

lb

62. 3 3

&M= 0.7 x —L2 x 5liters x 220 ( Ut ) = 0.7 x 1.94°29 % 0.1766ft3 = 0.24slug (1Mark)
32.2f—2t 1liter 30.48cm ft3

S

. ravity acceleration on Moon 1
W = weight on earth X gTavEy - =7.72lb x - = 1.291b (1Mark)
gravity acceleration on Earth 6

1-b) Define what is the inconsistence unit system. Mention an example. (2 Marks)
Inconsistent system: the unit force does not cause unit mass to undergo unit acceleration; they require an
additional conversion factor.

1kg ;=1 kg x 9.81 m/s?

or 1 Ib =1 Iby, x 32.2 ft/s? (1 Mark)
Dimensions Mass M Length | Force (F) Time (T) Temperature | Temperature
(L) Absolute (6) Ordinary (6)
Metric system Kilogram | Meter | Second Kilograme Kelvin (K) | Celsius (C°)
(mks) (k) (m) 6 force (kgr)~ | K=C'+273.5
United state | Pound Foot | Second Pound Rankine Fahrenheit
o |2 | @ | @ | wses | ©)

(1Mark)



2-a) The pressure outside the droplet of water of diameter 0.002cm is 9 N/m’ . Calculate the pressure within
the droplet if the surface tension of water is 0.07N/m (2 Marks)

Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to
surface tension acting around the perimeter of the cut (o 7d) and 2) pressure force due to pressure intensity

inside the droplet in excess of the outside pressure intensity (p 7 d°/4), these two forces will be equal and
opposite under equilibrium conditions, then:

(a) DROPLET  (b) SURFACE TENSION

Yvyvey

(c) PRESSURE FORCES

d? 4
pnT =o.m.d, or P =Pin —Pout = 76 (1 Mark)
40 N [ 1m \2  4x00007 N
“Pin = Pout 5 =9z (100cm) o00zem — 14009207 (1 Mark)

2-b) The pressure in a natural gas pipeline is measured by the manometer shown. The local atmospheric

pressure is 15 Ib/in’. Determine the absolute pressure in the pipeline. (S.G.,; = 0). (y.:=0) (4 Marks)
—h
Air 21
25in
5
4| %
Mercury
SG=136 Water
— 6241w (M) = L)
Y = 6245 (mn) = 00361 (1Mark)
Pgas=P1=P21 & P3=P4,=P5, (lMark)
o Pygs = Py = P3+ 6in Xy, = 27in Xy, + Py + 6in X ypy (1 Mark)

o Pygs = 27in X Yy + Pagm + 6in X SGpy X 7y
= 27in X 0.0361—= + 15-= + 6in X 13.6 X 0.0361 = = 18.92-2 = 272452 (1 Mark)
in in in in ft



3) A long, solid cylinder of radius r = 1m hinged at point A is used as an automatic gate. When the liquid depth
reaches 5m, the cylindrical gate opens by turning about the hinge at point A. Determine (a) the hydrostatic
force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per m
length of the cylinder. (S.G.}iq,ia=0.8) (10 Marks)

X
\'
L X‘
Cor
A
R
Y
Y2 H &
H, \ 4 Y \%LW
a

a) Horizontal hydrostatic forces acting on the cylinder are H; & H,
Hy =y, % (L—7) X1 X length = 0.8 X 9810% X 4m X 1m x 1m = 31392N (1 Mark)

H, =y; XrX g X length = 0.8 X 9810% X 1m X 0.5m X 1m = 3924N (1 Mark)
H=H; +H, =31392 + 3924 = 35316N

Moment of H @ A = £ moment of their components @ A

Hyy,+H 31392X0.5m+3924x2/3
Sy = 2TV ik 3 _ 0.519m (1 Mark)
H 35316
Or H = yAh, = 0.8 x 9810 x 1m X 1m X 4.5m =35316N (1 Mark)
; . 1mx(1m)3 1
Iy e M, 12 00 _ 12 _
Y = 5 + ah, 5 PEoTI— 0.5+ e 0.518m (2 Marks)

Vertical hydrostatic forces acting on the cylinder are V, & V,
Vi=y;x (L —7r)xXrXxlength =0.8 X 9810% X4m X Im X 1m = 31392N (1 Mark)

m(1m)?

2
Va = v1 X == x length = 0.8 X 9810% x T
V=V, +V, =31392 + 6166.3 = 37558.3N

Moment of V @ A = £ moment of their components @ A

X 1m = 6166.3N (1 Mark)

4r
ViX1+Vo X, 31392><0-5m+6166-3><(1m—gm) _31392X0.5m+6166.3X0.576m

X = = = 0.512m
14 37558.3 37558.3
(1 Mark)
Total Resultant of hydrostatic forces R
R = VH? + V2 =+/353162 + 375582 = 51554N (1 Mark)
55
tana = < =222 — 1 06 = 46.76° (1 Mark)
H 35316
b) Y. moment for all forces @ A = 0.0
HY+V.X  35316%0.519+37558%0.512
AW = = . 22 = 37558.7N (2 Marks)

r im



4-a) A cylindrical wooden (S.G. = 0.7) is 3ft diameter x 10ft length and is hinged at A. At what angle & will the

beam float in water? (5 Marks)

(10-x/2)ft g

z\/%
_@X

s

W = weight of the body 1= volume of the body X ypoq, = Length L X cross section area A X Ypoqy
B = Uplift T = submergened volume X y,, = submergened length X X cross section area A X ¥,

(1 Mark)

The body under equilibrium, then Zmoment @A =0.0

L X
szxcosa :BX(L—E> X cosB

L X
~ LX AX 'ybodyXEZXXAX wa(L—;) (lMark)
L X

o~ L X SGbOdyXEZX X(L_E>
& L* X SGpogy = 2X L — X2 or X2 —2XL+L*X SGpoqy =0 (1 Mark)

+2L + \/(—ZL)Z — 412 X SGpoay
X =

2
— 2_

oy = 20/ 20)2 H100x07 _ 4 5y (1 Mark)
sing = 2 1 Ut _ 06 5 0° = 36.6° (1 Mark)

L-X  10ft—-4.5ft  0.3048m

4-b) A tank has a bottom with I1m wide x 3.0m long is filled to a depth of 2m with a liquid of mass density
900kgm™. What will be the force in N on the bottom of the vessel (a) when being accelerated vertically

upwards at 4ms?, (b) when the acceleration ceases (stop) and the vessel continues to move at a constant

velocity of 9ms™ vertically upwards? (3Marks)

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A

— 4z\ _ kg m I N —
P =pgh(1+%)=9002% x 9815 x 2m x (141 537) = 176583 x 1407 = 24844.8Pa (1 Mark)
&~ F=1m Xx3m X 24844.8Pa = 74534.4N (1 Mark)

b) When the tank is moving with constant velocity vertical acceleration a, =0

~ F=pghA =17658 X 1m x 3m = 52974N (1 Mark)
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Answer all the following questions Mention corresponding dimensions of the calculations.
Illustrate your answer with neat Sketches. Y = 9810N/m’ =62.4Ib/ft’, g = 9.81m/s’ =32.2ft/s"
1-a) Define what is the absolute unit system. Mention an example. (2 Marks)

Absolute systems (non-gravitational) are based on length (L), mass (M), and time (T) and they named
absolute because they are independent of the acceleration of gravity.

1N =1kgx1m/s (1 Mark)
Dimensions Mass M Length | Time (T) Force (F) Temperature | Temperature
(L) Absolute () | Ordinary (6)
Sl system Kilogram | Meter | Second | Newton (N)" | Kelvin (K) | Celsius (C°)
(kq) (m) (s) K=C%+273.15
Or Metric system Kilogram | Meter | Second Kilograme Kelvin (K) | Celsius (C%
(mks) (ka) (m) (s) force (kgr) | K=C'+273.5
Or United state Pound Foot | Second Pound (Ib) | Rankine Fahrenheit
customary mass (10y) (f) (s) (R% (F%
system(USCS)
(1 Mark)

1-b) The absolute pressure of the air in the tank shown is measured to be 165 kPa. Determine the differential

height h of the mercury column. The local atmospheric pressure is 100 KN/m®. (y,,=0) (4 Marks)
Qil
65 kPa SG=0.72
75
46[_]\)—\ 1
Air
Mercury
SG=136
Pairabs: 165kPa:P1, P2 =P3 (1 Mark)
S Py =Privaps +03m Xy, =P3 =h Xy, +075Xy, + Pym (1 Mark)
kN kN kN kN kN
~+165—+03m x9.81—=hx%x13.6 X9.81—+0.75m X 0.72 X 9.81— + 100 —
m m m m m

kN kN kN kN kN
#hx13.6 X 9.81— = 165— + 0.3m x 9.81— — 0.75m x 0.72 X 9.81 — — 100—
m m m m m

~h=0.465m (2 Mark)



2-a) The pressure outside the droplet of water of diameter 0.004cm is 8 Pa . Calculate the pressure within the
droplet if the surface tension of water is 0.00073N/cm (2 Marks)

Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to
surface tension acting around the perimeter of the cut (o 7d) and 2) pressure force due to pressure intensity
inside the droplet in excess of the outside pressure intensity (p 7 d°/4), these two forces will be equal and
opposite under equilibrium conditions, then:

(a) DROPLET  (b) SURFACE TENSION

( :

(c) PRESSURE FORCES

md? 40
p'T =o.m.d, or P = DPin — Pout = a (1 Mark)
N
40 N ( 1m %  4x0.00073_- N
“Pin = Powr T4 = 8F(100cm) oootem — 0-7308 (1 Mark)

2-b) A cylindrical wooden (S5.G. = 0.8) is 0.12m diameter x 2.5m length and is hinged at A. At what angle & will
the beam float in water? (5 Marks)

(2.5x/2)m 4 5

s

W = weight of the body 1= volume of the body X ypoq, = Length L X cross section area A X Ypoqy
B = Uplift T = submergened volume X y,, = submergened length X X cross section area A X ¥,

(1 Mark)

The body under equilibrium, then Zmoment @A =0.0

L X
WxExcose =BX(L_E) X cosO

L X
L LX AX Yooty X=X X Ax % (L—2) (1 Mark)
L X

L X SGbOdyXEZX X(L—E>
~ L2 X SGb(,dy:ZXL—X2 or X?—-2XL+1%x SGpoay =0 (1 Mark)

+2L + \/(—ZL)Z — 412 X SGpoay
X =

2
—2)2_

P X = +54/(=5) 24><6.25>< 08 _ 1 3gm (1 Mark)
sinf = =—"_—089 # 0° = 63.2° (1 Mark)

L-X  2.5-1.38



3) A long, solid cylinder of radius r = 3ft hinged at point A is used as an automatic gate. When the liquid depth
reaches 18ft, the cylindrical gate opens by turning about the hinge at point A. Determine (a) the hydrostatic
force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per ft

length of the cylinder. (S.G. iquis=1.3) (10 Marks)
A4 b4
Vv
L L x4
Cor
A
R
Y2 Vﬁ%_ b Y
v < i W
H, = i ;%_

a) Horizontal hydrostatic forces acting on the cylinder are H; & H,

H =y, X (L—7r)XrXxlength =13 X 62.4% X 15ft x 3ft x 1ft = 3650lb (1 Mark)
H, =y, X7 X=X length = 1.3 X 62.4}% X 3ft X 1.5t x 1ft = 365lb (1 Mark)
H =H, + H, = 3650 + 365 = 4015I(b

Moment of H @ A = X moment of their components @ A

oy — HivitHay, _ 3650x15ft+365x2ft _ 1,55/t (1 Mark)
H 4015
Or H = yAh, = 1.3 x 62.41% x 3ft x 1ft x 16.5ft = 2096.76lb (1 Mark)
P Lo 3p UG :
Y = 5 + ah =z + SFexifex165f 1.5+ 108 = 1.55ft (2 Marks)

Vertical hydrostatic forces acting on the cylinder are V, & V,
V, =y, X (L—7) X7 x length = 1.3 X 62.4}% X 15ft X 3ft X 1ft = 3650lb (1 Mark)

2 2
V, =y, x ™= x length = 1.3 x 62.4}% x T 1ft = 5741b (1 Mark)

V=V, +V,=3650 + 574 = 4224lb
Moment of V @ A = £ moment of their components @ A

4r
ViX1+Vo X, 3650><1-5ft+574><(3ft—§ft) _ 3650X1.5ft+574X1.73ft

L X = = = 1.53ft (1 Mark)
14 4224 4224
Total Resultant of hydrostatic forces R
R = VHZ + V2 = V4015% + 4224 = 58281b (1 Mark)
_v_as + @ = 46.45°
tana = T 1.052 ~a=4645 (1 Mark)

b) Y. moment for all forces @ A = 0.0
CW = HY+V.X _ 40151x1.55+4224X1.53

r 3ft

= 42291b (2 Marks)

AR



4-a) A tank has a bottom with 2ft wide x 6ft long is filled to a depth of 3ft with a liquid of S.G.=0.8. What will be
the force in pounds on the bottom of the vessel (a) when being accelerated vertically upwards at 20fts?, (b)
when the acceleration ceases (stop) and the vessel continues to move at a constant velocity of 7fts™ vertically
upwards? (3Marks)

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A
ar) _ o) _ L3 20 _ 449812 _ o428l
P=yh(1+ g) = 5G x y,h (1+ g) = 0.8 X 62.4 25 X 3ft X (141 25) = 1498 S X 1.62 = 2428

(1 Mark)
o F = 2ft X 6ft X 242.8}% = 2914lb (1 Mark)
b) When the tank is moving with constant velocity vertical acceleration a, =0
~F =8GXy,hA = 149.8/% X 2ft x 6ft =1797.6lb (1 Mark)

4-b) A volume of oil equal to 8 liters has a specific gravity of 0.9. (a) Determine its weight in pounds and in
Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface? (4 marks)

a) Weight W = Mass X gravity acceleration = Density X Volume X gravity acceleration
=pXVolxg=5GXxXp,xXVolxg=58GxVol Xy,

3 3
“ W = 0.9 x 8liters x 2220 ( 1t ) x 62.4-2 = 15.871b (1Mark)
1liter 30.48cm ft3
3
# W = 0.9 x 8liters X ——— x 9810 — = 70.63N (1Mark)
1000liter m

b) Mass on Earth = Mass on Moon = constant M = SG X p,, X Vol.= §G X %W X Vol.
b

62.4— 3 3
& M =09 x —LE x 8liters x o x (L) = 0.9 x 1.94 22 x 0.283f¢ = 0.49slug (1Mark)
32_25_2 1liter 30.48cm ft
W = weight on earth X gmvf'ty accelemtfbn onMoom _ 15.871b x = = 2.64lb (1Mark)
gravity acceleration on Earth 6

'Y
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Answer all the following questions Mention corresponding dimensions of the calculations.

Illustrate your answer with neat Sketches. Y = 9810N/m’ =62.4Ib/ft’, g = 9.81m/s’ =32.2ft/s"

1-a) A volume of mercury equal to 3 liters has a specific gravity of 13.6. (a) Determine its weight in pounds and
in Newton's at the Earth’s surface. (b) What would be its mass (in slugs) and its weight (in pounds) if located on
the moon’s surface where the gravitational attraction is one-sixth that at the Earth’s surface? (4 marks)

a) Weight W = Mass X gravity acceleration = Density X Volume X gravity acceleration
=pXxVolxg=58Gxp, XxVolxg=S8GxVolxy,,

3 3
£ W =136 x 3liters x oo x (=L )" x 624 = 89.91b (1Mark)
1liter 30.48cm ft3
3

# W = 13.6 x 3liters X ——— x 9810~ = 400.2N (1Mark)

1000liter m
b) Mass on Earth = Mass on Moon = constant M = SG X p,, X Vol.= §G X %W X Vol.

62. LA 3 3

. _ ft3 . 1000cm 1ft _ slug 3 _
M =136 X i X 3liters x Ticer~ % (30.486m) =13.6 X 1.94—ft3 x 0.106ft°> = 2.8slug (IMark)
W = weight on earth x ety acceleration on Moon _ gq g1 5 1 — 14.981h (1Mark)

gravity acceleration on Earth 6

1-b) The pressure outside the droplet of water of diameter 0.05mm is 6 N/m’ . Calculate the pressure within
the droplet if the surface tension of water is 0.00065N/cm (2 Marks)

Let the droplet with diameter d is cut into two halves. The forces acting on one half will be: 1) tensile force due to
surface tension acting around the perimeter of the cut (o 7d) and 2) pressure force due to pressure intensity
inside the droplet in excess of the outside pressure intensity (p 7 d’/4), these two forces will be equal and
opposite under equilibrium conditions, then:

>

Yvyvvy

-

(a) DROPLET  (b) SURFACE TENSION

(c) PRESSURE FORCES

d? 4
p-nT =o.m.d, or D =Pin — Pout = 76 (1 Mark)
40 N [ 1m \2 4x0.00065 - N
“ Din = Pous + 9= 6 (7o) +—o 8 = 0.5206 - =5206Pa (1 Mark)

m2

'Y



2-a) Define what is the consistence unit system. Mention an example.
Consistent system: having a conversion factor of magnitude equal one.

1N=1kgx 1 m/s*

orldyne=1grx1cm/s

2

(2 Marks)

or 1 pdl= 1 Iby, x 1 ft/s® (1 Mark)
Dimensions Mass M Length (L) Time (T) Force (F) Temperature | Temperature
Absolute (6) | Ordinary (6)
Sl system Kilogram Meter (m) | Second | Newton (N)” | Kelvin (K) | Celsius (C°)
(kq) (s) K=C"+273.15
Or Absolute | gram(gr) | Centimeter | Second Dyne” Kelvin (K) | Celsius (C°)
metric system(cgs) (cm) (s) K=C+273.15
/French
system(FS)
Or English Pound Foot (ft) | Second | Poundal Rankine Fahrenheit
engineering (EE) | mass (Iby) (s) (pd)'[EE] | (R%) (F%
system
(1 Mark)

2-b) The absolute pressure of the air in the tank shown is measured to be 170 kPa. Determine the differential
height h of the mercury column. The local atmospheric pressure is 102 KN/m®. (Y2ir=0)

Pair abs — 170kPa = Pll

P, = P;
Py =Privaps +03m Xy, =P3 =h Xy, +075 Xy, + Pym

68KN|

(4 Marks)

kN kN kN kN
#170—+03m X 9.81— = h X 13.6 X 9.81— + 0.75m X 0.72 X 9.81— + 102—
m m m m m

kN kN kN kN kN
#hXx13.6x9.81—5 =170— + 03m X 9.81— — 0.75m x 0.72 X 9.81— — 102—;
m m m m m

~h=0492m

(1 Mark)
(1 Mark)

(2 Mark)

V¢



3-a) A uniform wooden beam (S.G. = 0.75) is 3ft X 3ft X 10ft and is hinged at A. At what angle & will the beam

(10-x/2)ft ﬁ
/ .
\V4
= X

5

W = weight of the body l= volume of the body X Ypoqy, = Length L X cross section area A X Ypoqy
B = Uplift T = submergened volume X y,, = submergened length X X cross section area A X ¥,

(1 Mark)

The body under equilibrium, then Xmoment @A =0.0

L X
WXEXCOSG =B><(L—E>><cose

L X
2 LX AX Vpoay X2 =X x Ax y,, x (L=3) (1 Mark)
L X

o~ L X SGbOdyXEZX X(L_E>
s L2 X SGpoay = 2X L - X2 or X2 —2XL+1*x SGpoay =0 (1 Mark)

+2L + \/(—ZL)Z — 412 X SGpoay
S X =

2
— 2_

WX = +2044/( 20)2 4x100% 0.75 _ 5ft (1 Mark)
sing = 2% = 1™ Ut _ 0656 . 0°=41° (1 Mark)

= X
L-X 10ft-5ft ~ 0.3048m

3-b) A tank has a bottom with 4ft wide x 8ft long is filled to a depth of 2ft with a liquid of S.G.=0.9. What will be
the force in pounds on the bottom of the vessel (a) when being accelerated vertically upwards at 15fts”, (b)
when the acceleration ceases (stop) and the vessel continues to move at a constant velocity of 8fts™ vertically
upwards? (3Marks)

a) Force on tank bottom F = pressure at the tank bottom P X bottom area A
a) _ o) _ i3 15 142300 16462
P=yh(1+%) =56 x ph (1+%) = 09 x 624 x 2ft x (141 35 ) = 11235 X 1.466 = 1646

(1 Mark)
« F = 4ft X 8ft X 164.6}% = 5267.61b (1 Mark)
b) When the tank is moving with constant velocity vertical acceleration a, =0
#F =SGXy,hAd = 112.3}% X 4ft X 8ft = 3593.61b (1 Mark)

Yo



4) A long, solid cylinder of radius r = 2m hinged at point A is used as an automatic gate. When the liquid depth
reaches 6m, the cylindrical gate opens by turning about the hinge at point A. Determine (a) the hydrostatic
force acting on the cylinder and its line of action when the gate opens and (b) the weight of the cylinder per m
length of the cylinder. (S.G.)iq.is=0.9) (10 Marks)

Avd
\)
L x4
r
A
R
Y
Y2 H >
Hz y N \% W
7

a) Horizontal hydrostatic forces acting on the cylinder are H; & H,
H =y, X (L—1r)Xrxlength =0.9 X 9810% X4m X 2m X 1m = 70632N (1 Mark)

Hy =y, X7 X=X length = 0.9 X 9810% X 2m X 1m x 1m = 17658N (1 Mark)
H=H, + H, = 70632 + 17658 = 88290N

Moment of H @ A = ¥ moment of their components @ A

H +H 0632X1m+17658%X4/3
Yy = PaitHay,  706mAMATEEA/IM _ q h66m (1 Mark)
H 88290
Or H = yAh, = 0.9 x 9810 x 2m x 1m X 5m =88290N (1 Mark)
; ) 1mx(2m)3 2
Tr xc m T 2
Y = E + A_hc = T —ZmX1112n><5m =1+ 13—0 =1.066m (2 Marks)

Vertical hydrostatic forces acting on the cylinder are V, & V,
Vi=y; X (L —7r)XrXlength =0.9 X 9810% X4m X 2m X 1m = 70632N (1 Mark)

2 2
V, =¥, x ™= x length = 0.9 X 9810 x "2 x 1m = 27748N (1 Mark)
V=V, +V, = 70632 + 27748 = 98380N

Moment of V @ A = £ moment of their components @ A

4r
ViX1+Vo X5 70632><1m+27748><(2m—5m) _ 70632X1m+27748x1.15m

X = = = 1.042m
|4 98380 98380
(1 Mark)

Total Resultant of hydrostatic forces R
R = VHZ + V2 = v88290% + 98380% = 132188N (1 Mark)
tana = = = —2 = 10576 = 46.6° (1 Mark)

H 88290
b) Y. moment for all forces @ A = 0.0

HY+V.X 1.066 0Xx1.042
AW = +V.X _ 88290 +98380% — 98314N (2 Marks)

r 2m

1



