Turorial 14

1. A cube with mass M slides on a thin film of oil with viscosity pu. The width of film is h and is
constant, and the area of the face of the cube which is in contact with the oil is A. When a cube of
mass m is released, tension results in the rope, which pulls with it the cube with mass M.

Neglecting air resistance and friction in the pulley.

Block~_

A. Express the viscous force which acts on the

cube of mass M. ) - Cord
B. Write a differential equation which describes o i 1

the velocity of M as a function of time. y {viscosity, p) -
C. Solve that differential equation and identify Mass —

the velocity at infinite time of M. * | arg=r v,

- uryg=0)=0
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Question 1

The flow profile of water at 15°C between 2 flat plates is given by: u=U

max

&)

where U,.,=0.30 m/s and the water viscosity at 15°C is 1.14x103Nxs/m?,

A. Calculate the shear stress in the liquid

and the force per unit area that acts on ’ m
e | hi=0.50 mm

the top plate.

B. Draw a diagram of the shear stress along f

the distance between the plates. : 5
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Homework 1
1. A cuboid with an edge size of 0.2m and a mass of 2kg slides on a slope 30°

with regards to the horizon, on an oil film 0.02mm thick with viscosity of

1 =045 At time t=0 the cuboid is released.

A. What is the initial acceleration of the cuboid?

B. Express the velocity of the cuboid as a function of time.

C. Plot the velocity as a function of time.
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2. Anice skater weighs W = 60kg , skating on one skate for a short time at a

velocity of V' =5m/s. His weight is held by a thin film of water that melted
V=5mls

under the skate. *
. ,—ll h=1x10"m
Calculate the decceleration of the skater at that moment. 77 — T,

Data about the skate: y

Length and width:
L=15cm w=>5cm
Width of the fluid film:
Imm

N

. -8
Water viscosity u=0.8—;
m

Sol:  No- Stp condition :

UY=0) =0
y => “(y): %q
Uug=h)=v
r = 2= - SN BB . 6x _ vt -
7: Ty f—/‘)’ﬂ- A (+B) Lw &_,Lhﬂ-ue,)-so(*ex)m
Fcubre ==-F =30 (e
G= Late o BN _,5.0,) mss



3.
A flat plate is moving relative to a different flat plate at a steady velocity ,
V=U 1, see attached figure. Between the plates there is a fluid with viscosity

4 . The distance between the plates d is much smaller than their lengths, L.

This allows us to assume a linear velocity profile. A j no-stp coadstron
uy=d)=«
uy= 4y
Lo p Gy =py

Shear stress

[Fe

Which ones of the following sayings are correct? (More than one is true)

2
;,(: +@x

\a. Maximum rate of strain is at @2, o
\M The rate of strain is dictated by Uand d . Y ey = %‘@

. A d _
\c/ 7, 1s not zero T /.(7; it %
Ek_/l(he magnitude of the shear stress is not dependentony. ./

\ The direction of forces due to stresses on the rectangular shape in the fluid
e T

is the following:
Correct one

—

X, The smaller is d the shﬂlris the shear stress. ~ us/ng Tyx= pmE | f of smatter,
\g/ The greater the viscosity of the fluid x the greater is the shear stress on yer
the plate Tyx= M f,‘— AMAT 7 T T

\Iy The shear stress the the fluid exerts on the plate does not depend on L. Z,= %

i\ The required force to move the upper plate does me{ depend on L.

= A= Tl
bed g h F



Turorial &

1. A cube with an edge of 1m, made of wood, is held in a cuboid by a rope as depicted in
the figure. Calculate the force that the water inflicts on the bottom of the cube and the
tension in the rope. The specific gravity of wood is SG=0.77.

atm

x oil
5m $G=0.8

] Water

Sot. -vP+pP9 =0

-%:;*Pyx= 74
-3 Pd=0 = 9,=g
Ay
AP _ dp .
?,’F-FQ ) dy 9 ‘
]
44,0: pg[dg j,:d/’= flgf a/y+,ﬂ~_wg//' dy
P -P= o9y P = 08p3h+ PgY-h) (if y25m, h=5m)

Pi= gy C1f y< 5m)

Porce rhat the water /nf/ict on the bortom

Fi= [-#dA = [—a8p9h-p9ry-h)]- (+é4)-A*

Y=9m. A*= 1m*. p= 978 k9/m* . h=5m , 9=28m-5‘z

Fo= -f8243.2mn

FPorce rhat rhe water inflict on the 790

Fe= [-pdA = (-08p9h-pgcy-m) (- €4)-A° fﬂf&ﬁﬁi‘»
y=8m, A*=1m*, p=998kg/im’ h=5m, g=38m S~

Fe = 68462 8N

Fu =mg = pVG = 0.7F = 398kg/m'x 1m' = .8 m S7= Z530 .08

Tension Force. T = Fo+ Ft*Fu = 2247 472/



2. A gate between two big reservoirs of water and oil can be opened by rotating around the axis at
point O counterclockwise. The width of the gate along an axis at O is 2m. Calculate the force F that is
needed to apply at point A in order to keep the gate closed. The density of water is p =998kg /m’

and of oil p=1020kg/m’

Air, P,

7 " atm

Is the system stable?

In other words, How will g
a small opening of the

gate affect the situation?

Will it tend to close or

open even more? Please

explain.
8
Sol: For water: For orl:
y
- =0 r =
V}; eq S ar = pg [ dy
"X TP O P-P= Pugy
- gﬁ tP9y= 0 —> Gy=4 P p,,»,yy’w.s-ﬁ’
-2 pge= 0 o= [ e dF
52 = Pq 0‘-» -2
Yy p =[ 7~ -fdA)
P-P. = ey +h) = [Fx (- @y gy c0s45°) -(-ec)waly'
A =P9(y+ h) v =/.‘/-"xrPn,r9y'WS45°)'(+ﬂ,‘)wa/g'
Since = y'cos45’ :/" éx ey (2]
P’ = f?y’GOS%S’* p?h ’ P '(;ylbosﬁowd!zl ;
- ‘s, - 2 . P . Uals
Muaser = [ = LF = [* - Cugyrosss wdy’ = [ e cosas'w |,
s d °
= [*Fx ~fotA)
[‘ R 4 ' = -18848.63836W
2of "7 x (pgy'coses’ < pgh) (+e> wdly ” g
e e. e, e; Sing Mo, * Mo ~ Mz =ZM=
) (4 0 y' 7 = -
O3yos s pghimdly’ 0 0 Mp = 17164 26078 w (-€0)

[ Pay'oses™ pghry wely' (+ee
3 2”2 ‘<L

[F%y—cas+5‘+ -MAJ,, W (+€e)
2 4y=0

= 380028374 w



Homework 2 r LS TY AN P Y ZTT T IO

1. A gate with a length of Im and width of w regulates the water inside a reservoir. The
gate can only rotate clockwise around a rotation axis located 0.45 m from the bottom

of the reservoir, as depicted in the figure. Calculate the height H, above which the

gate will open spontaneously.

lg Sol: -ppPeg-
-Lpg9-0

-2 P9:0 — g-g

o Water
=998 kg/m®
' P g >, - -gg + szz o
0.55
m/ / %= e9
0.4§‘m - / / PN f&p P?fdy
i o ~(H-2, 51n60°)
P-P= o9l + H-L,sinéo")
Pz p9(Y+ H-Li5in60°)

Barrier

since 4= Y'cos30”
Pg P9 (Y @530"+ H- L, 5/7609

&x &y é:
-z f | 5 G S Fepane fpdy e
(lower one) -P,qul 0 0 ,{4’ =f/-?; d;
f Py’ oy’ = [ gl y'cesss’s - Lo sin6aly )ty
- P9W[ (¢’ o533 + (,LL) (H-L15/n60°)] | £
- Ffw[é' ws}a + — (H [1}‘/”600)]
é: 4
Mz:/r‘,xdf‘ / ‘ ’ :j’pfwy'dyl
. -#ywdy 0 4
= [ -egwlyesss’ - tisieo” )y | dy
0
I: _‘z

-pgw (YPcos30’s 47 cn- l;:méo)}y .

"

Pgw[ wssa n A (H'LxS/héa')]
70 be srable Z—M=/l_4’l+,;,:=p
2 3 2
f?w[ égw.saa',, -‘2‘- (H-Li5/nbo% + %l cos30° - Lz_l (H- Lz:/nén")]_- 0

2 3 ° 3 . ° 3 °
(—‘2-_1 - 5211)/-: -%4 Cos3o + é‘-Slnéo -é‘-cossa - —" sinéo’
H = 1.8764m
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2. A gate with a shape of I'(right angle gate) with a width of 1.2(into the paper) and a
negligible mass can turn around an axis point O without friction as depicted in the
figure. The horizontal part of the gate covers a drainage pipe full of air, which is 0.9
m from the vertical part of the gate. The mass and volume of the gate can be
neglected. The density of water is p;, =998, .

a. Find the resultant force that the water exerts on the vertical side of the
gate.(using gauge pressure)

b. Find the resultant force which the water and the air exert on the horizontal
side of the gate.

c. Find the minimum height h for which the gate will open and the water will
flow into the drainage pipe.

Width=1.2m

Right-angle gate

Hi nge\i
)

C. Verteal: m.=[F+dF

@x ey e.
= | 0 y o
Pqcy-hindy D o

l.
: - - 4 by 2
f,pgwry npdy = pgw (4 - & )I 4o

h

]

3
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Horizontal: Ms= FxF = 09 crea x pghw-xr' (-ey =

M =/ﬁ:"1;4’z= o
dl
pgw(— cofh iz =0
h= 056&£m

Tha minimam height rs 0. 564m.

Sot: a. -vpP+pg =0

- P40
'gg*l’ﬁ:”
¥ pge0
9= -9
#='P9
/’d/'—-pyfdy
Pg Pgh-o)
o< -#dA

A
= [p9c4-hindy

= P9« -g-"'hy)w[j

= pg(gf -h)w
=-pg-fw e
—>
b Fr= [-fdA
= pghw-zr
(~Cy)
- 22 oghnde,



3. A log(with perpendicular width of W) has a rectangular cross section with size Lx2L,
can rotate around an axis of rotation which passes through one of its edges. The log is
at equilibrium

A. Find the resultant forces that the water inflicts on the log’s wet faces.
B. Find the center of pressure on each of the wet faces.
C. In case of negligible friction in the axis, find the ratio of the density of the log

and the water, py/p.
_ 2L
Patm Air “ SD/:' A ‘W’*fgfo
L g; R pq,, -0
i ! ’%*Pﬁv:o'%:'f
-2 09.70
-%5- 9
Y P Y
jf-dﬂ: pg/Ldy
Axi P-P = p9iy- 5
Xis
b 09059
= F:/'A(n = f— 'oidA
Fmrm :/_P"IA /”LT L
= | pgty- Fwdy-€xr
_r» L 0
< -eatwdx-r-ep y 4%
’ w=2L = [Pg ({_ %)wly-'a (’e‘)
“eg g, cew = P 5w r-eo
= PgLiw -8y

€. Buogancy force &

B Centre of pressure: (Verzical sile) ~
Fo- —#A prdA

/de,z,Z ;-"',/E:

éx ey é. , 2 = f/'ﬂyﬁ/ﬂ
‘ Z } 0| = g’ (rey) x pghw (-€x) e
pIy-Pwly 9 0 = [-pg% - c-epwdlx
4 2 :
[e95y-yrwdy -(<l0r= 4" pg % w- (r€) : P35 xW(rey iy
[4 _z 3 x24
P bg*- 5§)n<| [ :-?‘&F Y’ Pggw TTE) = pgLiw +ey)
4= -
&L _ gt Fq = pq 2w - (-&4)
162279 % I pig !
4= ¢ R
Pri 2880 (-89) + pRI (+€y) = )
Center of pressure: (2L, f)
ﬁ: 2.5

F

In vhe horizontal sicle, the pressure

/5 consrant at every point.



Turoral 3

1. A. Water in an open channel is blocked by a sluice gate. A closed gate is depicted by a dashed line.
Calculate the horizontal force per unit width of the gate that the water exert on the gate in 2 cases:
(a) the gate is closed (no flow); (b) the gate is open(steady state flow). Assume that the flow at
cross section 1 and 2 is uniform and incompressible. Also assume that the pressure distribution at
cross section 1 and 2 are hydrostatic and that the shear forces from the water on the gate are
negligible. g=9.81 m/s? , water density p=999 kg/m3 and the angle between the gate and the

horizontal plane is 9=60°. P Air
¢ »
B. A young engineer claims, without |
. . ! ] X
calculating the force in A that the force ; : _60
that the water exerts on the gate is 1Vy=1mis Pum At V' ¢
) T h=5m
greater when the gate is open. Do you : Bl
: ,=0.
think he is right? Please explain. ;
i Water y’
i —|—>V2
Cross TCross
section 2 section 2
So(: A. ) The gate 15 closed (2) The gate rs goen
=2 2 g 2> > - -
F = /'PdA Momentum Batance: ZF =#;_l Fy.(y,,ndﬁ + %M
(’PP'F9=0 IR = pv(i i dA
"%*F?,:a - =9 IR pvit-va-dA- [| oVi (v dA
55 = pg S-PYA + pYA, ) (vlx)
[P = pafdy T Epiwh  phiwhy). (e
Patm 4 - = -
P-Pom= 099 ZFe = Fey + F:’a + R
P = pey Izm = / P, dA, 67 P9y woly = gﬂ‘- (+0x)
Since Y = ' cos30° = gy’ [ P,d/lz—ae.)[ -pgywdy = gg_h. (-0
P, = ‘? P9y’ Mass Balance:
F= /"-g—spgy'- (-e4) wdy' M’ﬁu’" dA=0
F=ter[ B ooy way / P Vit (-e)wdy f PV (- (re)woly = O
F=en -[Epgg»‘w] :: —Vehi+ Vihi=0 =2 V= "‘T’:‘ = ""’0—4;“" = 126ms’*
£, B0 > L
w = (ren - Lege Rl = ZFi- Fep - = —b4275.3508 0w N
L c0530" = 4 ':; = 64275.8508 (-€)- wm”

L =2/u JI'/"

% = (+@:) - .)_g” —ﬁ_‘ = %’p’h“peg)
Horizonra( Force acts on rhe gate:

d
= £ cos30"= -%-(ngu‘(re;m 122502375 a/m



