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Hydrostatics 4

1 Hyd rostatics 1/5  The figure shows a vertical section of a gas pipe. At the lower tap
there is an overpressure of 500 Pa. How big is the overpressure at the -T
For all relevant problems R =287 J/kg K, g=9.81 N/kg upper tap?

11 9 [P ] There is no flow in the pipe. 2
—p, =?|Pa . m
o p=12kg/m’ =

P o= 0.7 kg/m’

1/6 T4
O{po =10° N/mz} air
zZ=
p, =12kg/m’ | R=288J/kegK .
12 p,—p,="[Pa]
N a.) Tuz?[K] i
N = __-i: b.) p, =?[Pal, Ty 220
A P if the temperature is constant for 0 <z <2000m .
//
water 17 p, =05-10°N/m> A
100 mm
Ho — ,—0 p, =10° N/m? | air
p, =1.25kg/m’
1/3  Section 1-2: p,, =1.3kg/m’ 1
f -
Section 3-4: p,, =1.1kg/m’ 200m / z, ="? [m] if the temperature is constant for 0<z<z,.
7
p,—p, =? [Pa] _ L _ _‘/ 1/8  The vehicle is filled with oil. o -
Z 74
3 2 P =950kg/m’ = 5 1= =
o
s a=3m/s’ S S S
1/4 ~ 10 Pa (for the calculation of [ I —
Po a (for the calculation of p) pA—pOZ?[Pa] et ] =
Outside (air): T, =0 °C 80 T T = 1 — .
m
. p, = 760 mmHg O O
In chimney (smoke): 2
T, =250 °C
1 ]2
4
P —p, =?[Pa] ! 2
4



Hydrostatics

1/9

1/10

1/11

1/12

The vehicle is filled with oil.

]
P =950 kg /m’
pa—Py=0Pa Po

=2[m/s? [ (-
a=2[m/s’] I )

o o
The tank wagon shown in the figure is taking a 0,6m
face at
curve with a centripetal acceleration of a=3m/s>. 8 Z::nzcszﬁ
The tank is filled with water.
a.) How high will climb the water surface on the = — =
A-B side? T o03m| T e

b.) How big force will affect the A-B side, A Ty

when the vehicle is 1.6 m long?

Where are the both surfaces of the liquid
situated if the pipe accelerates to the left

200mm

with an acceleration of a = £ ?

surface at standstill

50mm

n=10001/min Sllrfe:jceﬁt
Paer = 1000 kg/m’ ‘!‘ - standsti
- =7 20mm PnL g
Pa — Do ? |Pa .
- T 300mm
water A=~ —
¢ 100 mm
. — | — -

Hydrostatics

1/13  The pipe is filled with water.
p, =10° Pa
How high angular velocity is needed to
a)  reach p, =0.8-10° Pa?
b.) empty the A-B section and have pressure of
0.8-10° Pa in it?

1/14  Effect of gravity is negligible.

p=800kg/m’
n =60001/min
Pa—Po="?

1/15  Effect of gravity is negligible.
®=100 1/s

P e = 1000 kg /m’
P =800 kg/m’
Pa—Po=? [Pa]

03m

surface at
standstill

| 100mm

O4m

50mm

B
|

i

L 50mm

50mm , 50mm

-

) )

0il Water

1/16 What area does an ice-floe have, which can carry a person weighing 736 N? The thickness

of the ice-floe is 10 cm and its density is 900 kg/m’ ?

1/17  The rope is weightless.

Pewe = 2300 kg/m’
Pwaer = 1000 kg /m’
=300 mm
=200N

rSphere

G

Sphere

a:?[m/sz]




Hydrostatics

1/18

1/19

1/20

A balloon is filled with hot air of 60°C. Its diameter is 10 m. The environmental temperature

is 0°C. Pressure outside and inside the balloon is 10° Pa. The weight of the balloon material

is can be neglected. Determine the buoyant force!

p,—p, =20N/m’

Piiguia = 800 kg/m’ P P:
a=?[°] ifan error of +Imm at the reading of the fluid I =5
column position causes * 2% relative error of p, —p,.
After having been filled the pipe both
taps were closed. During the rotation the
surface in the left pipe section sinks to |
the point B as shown in the figure. |
. | 600
air |l mm
|
p, =10"Pa | surface at
Paturated steam = 2 10"Pa ‘ P — el
D
T = const g
Water\ y" 200 mm 5
U . 200
o=?[1/s] : ] mm
B: surface [¢
at rotation [
~ el Y

211

2/2

2/3

2/4

Kinematics
Pressure changes are negligible. $3m
q,=40m’/s 1"2
t,=15°C
t, =80°C
l heater
v, =? [m/ s]
v, =? [m/s] 2mx2m
[
\
Two dimensional flow:
v =10yr
[rot )1, =211/s]
Axisymmetric flow. € max
a2 YAl

Vmax —_—
- parabola of
7. degree
TSI LSS 7SS 2
Unsteady, two dimensional flow. g
v, =0 A .
2
v, =5yt — 1 = | stream-
. .. . 1 —_— 1 | lines
Calculate the local and convective acceleration in point
I
'A'at t=0.5s.




Kinematics

2/5  Calculate the circulation along the dashed line.

2
V:rT
l":?[mz/s]
2/6
v, =20m/s
p = const.

[akonv]A =7 [m/sz]

stream-
lines

\
0
\

2

0,2m
03

m

conical
#100mm \

¢200mm

31

32

3/3

3/4

Bernoulli Equation

p,=3-10° Pa
p, =10° Pa

v="2[m/s]

v=10m/s
u=4m/s
p=10° kg/m’
px —P, =?[Pa]

Friction losses are negligible.

p=12kg/m’
v, =2[m/s]

Steady flow with
qy =0.1m*/min.

h=? [m]

025m

3

stagnation
point

$50mm

water

$100mm

A




Bernoulli Equation
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Bernoulli Equation 11
—16.10°
3/5 p,=16-10"Pa r\,ic ¢200mm
p,=1.2-10° Pa
qy =9 [rn3 /S] @Pl
Q&m water
P2
\ $100mm
36 a=12m/s’ a
p, =10°Pa q
p,=0.5-10°Pa Pt
qy =? [m3 / s] _
h=2.5m
3/7 w=251/s
w=2 [m/s]
(w: relative velocity)
3/8 w=3m/s VM—J
. surface
o="? [l/s] at standstill

(w: relative velocity)

—— -1~ water
300mm -~ p— _
- 1= O
—  50mm| — w
At
110mm

3/9

3/10

3/11

3/12

p,=10° N/m’
Py =0
v, =4m/s

a, =? [m/sz]

p, =10° Pa

p,=0.9-10° Pa T
Friction losses are P
negligible. 1
a.) How big is the starting

acceleration ’a’ when
opening the tap?
b.) H=2? [m] in case of steady flow?

How big is the starting acceleration

7

in point B when opening the tap?

[N ——

How big is the starting acceleration at the
end of the pipe?

p, =2-10* N/m’ (overpressure)

v=0

|
I
H

x
~
W

v

o

gn
1100
i
——

1

III




Bernoulli Equation 13

313

3/14

3/15

3/16

317

v=1m/s

a=1m/s’ $100mm

|
1
|
(
-

v
a
———
Friction is negligible. How big —
force is needed to push the %:— ——
piston?

|
|
i
|

|

I

10m 10m

u=72km/h
v=4m/s

Friction is negligible.
a)qy =? [m3/s]

b.) How big power is needed to move the pipe?

1,6m

—
—_—
Pair

Pae =800 kg/m’

P =1.2kg/m’

v=2 [m/s]

100mm

' Qale

The inner diameter of an orifice flowmeter is d =200 mm. Flow coefficient o =0.7
Compressibility factor &=1. The measured difference pressure is Ap =600 N/m’.

p=13kg/m’.

qy =? [m3/s]

Width of the flow is 1 m.

NN}

a.) Construct the velocity distribution diagram

along the vertical line over the outlet. _

b.) Calculate the flow rate q, [m3 /s]! - T

AAAAAA v = 0.6m
ANZENSLLNVLZN NS

Bernoulli Equation

14

3/18 Irrotational, horizontal, two-dimensional flow.

r,=0.5m
r, =0.8m
v, =5m/s

a.) What kind of velocity distribution has
developed in the arc?

b) pa—py =" [Pa] water

c.) pA;ZB = f[rzj? (Draw a diagram!)
pYo_ f
2




4/1

4/2

4/3

4/4

Integral Momentum Equation

Calculate the horizontal force acting on the conical
part of the pipe!

5 $50mm
qy =3.5m’ /min | .
o o ®200mm " " | T T Qv
Friction losses are negligible. pliny el Qe —
water/
v, =30m/s 4=001m*
60°
u=13m/s Vi_’ s
Friction losses are negligible. water o

a) ‘y2‘=? [m/s]
b) Calculate the angle of deviation f3 [°] (angle
between v, and v, )!

¢) Determine the force acting on the blade!

d) How is the kinetic energy of 1kg water changing, when passing the blade?

v=10m/s
Friction and gravity are negligible.
Calculate the force acting on the arc! v

v=10m/s

u=2m/s

Friction and gravity are negligible.

Calculate the force acting on the moving conical
body!

¢ 60mm x 60mm —

Integral Momentum Equation

16

4/5 v=10m/s
Pug =13600 kg/m’

Friction and gravity are negligible.
Calculate the force acting on the cone!

46 A=10"m’
v=10m/s
Friction and gravity are negligible.
Determine the weight of body *G” [N]!

47 G=IN %> =

v, =?[m/s]

Friction is negligible.

Vo

water

Ao=2cm?

4/8 Two dimensional flow.
v=30m/s

a) F=2 [N]
b) A,/A,=?

4/9  Two dimensional flow.
Friction and gravity are negligible.

a=?[]




Integral Momentum Equation 17 Integral Momentum Equation 18

v
4/10 Two dimensional flow. 4/15 v, =2m/s ’
Friction losses are negligible. Py =1.29kg/m’ ‘ '
=10 / o | o
v jl’l S t, =0°C - 2m So
=13 t, =273°C ' |
G=?[N] - . , r
Friction and density changes of the air because of pressure 1; ?
changes are negligible. © | heater
Tt
4/11 Friction losses are negligible. qy =7 [m3 /S] 2m
The cylinder is balanced by the water jet. S
G=10N
h=2? [m] 4/16 v,=20m/s
3 A=05m®
p=1kg/m IR I S
h="? [m]
4/12 v=10m/s
u=6m/s
Friction is negligible. 4/17 There is no friction loss in the pipe. P
Calculate the power transmitted by the water jet to the Py =Py =? [P a] [N
wheel! E h;;, -
1 - __ | water
A2 - - -
_— 1= -
4/13 v=20m/s —- =
u=6m/s
L . 4/18 The flow rate through the lower and upper outlet 100
Friction is negligible. s th The 1 due to th id Z i
is the same. The losses due to the rapid cross d
Calculate the mean force acting on the wheel blades in . . P L —
the directi 4! section change at the upper pipe must be _ | = — —:-M:-}—’
e direction x and y!
Y considered. .
o
A 4
h=29 [m] / d=50mm
4/14 v, =2m/s ’
p,=12kg/m’ s05m
t =20°C 20 4/19  Steady flow.
1= f
h=2?
t, =t, =300°C [m] - —
¢ imx1m - - = |-
Friction, gravity and density changes of the air because of pressure To heater — T k| #50mm
igi TR - . N
changes are negligible. o el psomm—| = ﬁ
b, -p, =2 [Pa] e e e e

} = =




Integral Momentum Equation

19

4/20 Determine the quotient of the flow rates with and
without horizontal plate!

without plate

v

with plate

v

N

W

51

52

5/3

5/4

5/5

5/6

Hydraulics

The width of the gap is 100 mm (perpendicular to the paper plane).

150mm
v=0.5m/s
n=0.1kg/ms — F
N 27 7
==

N\ N\ NN

0,imm
Friction loss in the confuser is negligible. 5m 02
v, =0.5m/s S
p=850kg/m’ 4([4‘/‘ S S . —1 P

1
v=10"m?/s / p ¢5mm
20mm

p,—p, =? [Pa] B
Friction loss of the transitional section is negligible.
v, =10m/s 20m 30m
p=12kg/m’ ‘& vio [ _ 'y
v=14-10"m’/s 1

¢100mm # 100mm x 50mm

p,—p, =2 [Pa]

How do the Reynolds number and the pressure loss of a straight, smooth pipe depend on
diameter in case of laminar and turbulent flow, if the flow rate is constant?

How does a straight, smooth pipe’s pressure loss depend on the flow rate in case of laminar
and turbulent flow?

0Oil flow rate of q, =2-10"*m*/s has to be transported through a 10 m long straight pipe
(p=800kg/m’,v=10"m?/s). The available pressure difference is not more than
2-10° Pa. Determine the diameter D [mm] of the pipe!



Hydraulics 21 Hydraulics 22

5/7  q,=8000m’/h N K 511 v, =13-10°m?/s water
= 3 =2 |m? S —
i gf)isg " %\_. $04mx04m - | |#08m~05m av =2 [m/s] e | 4200mm ¢ 100mm
=0. B - —_— k=068mm
np =0.8 P = 1 =—=r=—=—x
—_—— — —f Qy
_ =9 30m - -
p—p, =? [Pa] 300m
5/8 q, =12001/min 5/12 Hydraulically smooth pipe walls.
Y
Py, =13.6-10° kg/m’ P
e Vo =1.3:10°m? /s —— 5
h=2[m] qy =51/s _water | 4zm e
v= - _ | 08m | — ——
P =Py =7 [Pa] gy ——— =l
— $50mm
10m
5/13  Hydraulically smooth pipe walls. 2m
O01m
5/9  The figure shows a part of a lubrication equipment, which Ve =1.3:10°m? /s 3=015
has to transport an oil flow rate of q,, =0.05-10~ m*/s. For qy =1801/min - $50mm
———
the calculation of the friction loss, it can be considered that P —po =7 [Pa] §=08m o1
,im
the pipe is straight. 1 $=015
30
Poi =800 kg/m’* -
vy =10"m*/s
d=? [mm] 5/14  Steady flow, hydraulically smooth pipe.
iti Ve =1.3:10°m? /s
5/10 The additional losses of the bends can be neglected. Lm/ P |
(It can be considered that the steel pipe is straight.) Vi=im/s P E——
Voo =1.3:10°m? /s =7 a) H=? [m] — | — —| water
water = #200mm H
- b -p,=? |Pa - — -
qy =2 [ma /S] — ) p,—p, =? [Pa] . $50mm 14 #sgmm | = || = 2 ¢z0mm
N e mme :‘_; '3
Qv 50m 30m




Hydraulics 23

5/15

5/16

517

What power is needed to drive the shaft of a glide bearing with 2880 1/min , when the shaft
6 Compressible Flows

is 60mm wide, 100mm long and the gap between bearing and shaft is 0.2 mm?

(1, =0.01kg/ms) How is it possible to decrease this power?

a) Determine the confuser’s 6/1 p, =1.5bar, p, =1bar

output diameter d,, when T =300 K
the water jet is 12 m high! : Po
c, =1000J/kg K
b) Calculate the flow rate N 14
k=1.
*/s| through th . 2 v,
dv [m S] roug ¢ Isentropic change of state. N
pipe! Friction losses of the L v. =9 [m/s]
bends, the confuser and 4 ’
—d. 4
friction effects between _ 6/2 p, =1.3-10° Pa, p, =10° Pa
the water jet and the air | 7S _
are negligible. &——v—ﬁ@—% Ti=273K
I 5 s R=287J/kgK
steel pipe, full length 200 m k=14
Isentropic change of state.
q, =7 [kg/ s]

=14 =1
Water of q, =18 m’/h flow rate has to be transported by the equipment shown in the 63 Pi bar, p, =1bar

figure. t; =20°C

a) How wide pipe do we need to fulfill this task? k=14 P2

b) Determine the maximal dike height where the transport is possible? (theoretical answer) Isentropic change of state.

7-35 a) ) satie = 7 [OC] 2
b) tZlotznl =? [OC]
. . stagnation
(temperature measured by the stagnation point thermometer
thermometer)

6/4  p, =4bar, p, =1bar

T, =300K
R=287J/kgK
k=14

Isentropic change of state.
d, =? [ke/s]
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Compressible Flows 26

6/5 p, =4bar, p, =1bar
t,=70°C
R =287J/kgK
k=14
Isentropic change of state.
d

=? [mm]

min

6/6  What kind of formula can be used to calculate v, , if

a) 22-099
P,

b P2-06 2 v,
P, P

o P24
P

Isentropic change of state.

6/7  Air of temperature t =—40 °C flows at a velocity v=180m/s. k=14, R=287J/kgK.
Calculate the Mach number (Ma) !

6/8  Carbon-dioxide of the temperature t=20°C flows at a Mach number of Ma=0.3.
k=13, R=189J/kgK.
Calculate the velocity of the flow! [m/ s]

6/9 A rocket flies in air of t =23 °C ata velocity of u=400m/s.
¢, =1000 J/kgK

t, =2[°C]

A
stagnation point

6/10  An aircraft flies in air of t=0°C at a velocity u=200m/s. The relative velocity w, in a
definite point of the wing makes 250 m/s. R =287 J/kg K, k=1.4. Calculate the Mach

number in this point.

6/11 R=287J/kgK, cp:lOOOJ/kgK,
k=14.

a) How wide should be the diameter d,, if

air-fuel mixture = air

the outflow needs to be isentropic?  SUDRE

b) Calculate the thrust F [N] of the rocket fuel —

py =10 bar -~ air
engine!
d*: 100 mm
p=1 bar



11

12

1/3

1/4

1/5

1/6

17

PA —P, =6200 N/m’
p, —Pp, =12360 N/m?
p,—p, =392 N/m’
p,—p, =486 N/m’

The overpressure at the upper
tap is 600 Pa.

by o P

p, =0.788-10° N/m?

h=5650m

Results

28

1/8

1/9

1/10

1/11

1/12

gas

140 Pa

RESULTS
Hydrostatics
1
|
[F—
‘f 240 Pa 500 Pa

1/13

1/14

Pr =P, =723-10°N/m’
a=245m/s*

a)  h=0422m
b)  F=1400N

The surface at the left side is situated at the left lower corner, the other surface in the right

vertical section at a height of 100 mm.

Volumes are the same in standstill and rotation: L
1
R’nz, = —1r’nz, L
2
Points of equivalent potential: 2 dhamc
5 =
2,2 .
r'm , 2gz,
.z - =0;r" = ' =
gHT o’ ' =| %

After substitution:

||||” R LD

RZZo =l2gfl z, z, =R(1)\/Z=O_236m -l—-_—:
2 o g ——_L.___
o L
PA_PO__P|:gZA—Rw }—14300N/m2 , .

After writing the equation

2 .2

p——p(gz—r >

j+ const .

for the both known points (surfaces in the left and the right section), the angular velocity can
be calculated.

a.) o=2141/s

b.) =243 1/s

2 .2

Equation p= —p(gz Lo

j+ const written for the surface of the fluid:

2 2
I, ®

2

const.=p, —p

2
Pa—Po :p%[r,f ~12]=19.7-10° N/m?



Results
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1/15

1/16

1/17

1/18

1/19

1/20

2/1

2/2

r’o’

Apply the equation p = p(gz -
water filled part of the pipe. It can be written then:

Py —Po :%2[;)0,, (0.1 20.05% )+ e, (0157 =0.12)]=9.25-10* N/m?

A=75m?

a=03m

F=1200 N

h= L =2.55mm
800-9.81
+

_EImm =50 mm
+0.02
2.55

sinaa=——=0.05 > a =2.9°
50

=818 1/s

Kinematics

v, =10m/s;v, =69m/s

Solution with Cartesian coordinates:

. y X
v, =c(-sina)=-vZ; v =v-cosa=v>
r 7 r

_ _ y
* r \/; “,lxz+y2

J + const at first for the oil-filled part and then for the

=

X X X
v, =10r==10—==10
Y r Jr 4x* +y’
_3
ov 41lx2+y2—xi(x2+y2)A2x
—-10
2 2

Results

30

2/3

2/4

2/5

2/6

ov 4\/m—xi(xz+y2)f%2x

Y =10 at point A = Ny _ 100401
ox x*+y’ oy
ov ov
t =—X_ "% = (50+100W0.1 =47.5 1/
[(ro X)Z]A ox ay ( + )r S

Solution with polar coordinates:

de ¢ 110 15 15
rotc),], =| =+=| =10—=+—F=—==—F7==475 s
[(rot ). ], [r rl 2 e Ao

The cross section has to be divided into rings of elementary width 'dr'. Integrate the
elementary flow rate through the rings as follows:

T 1 1 7
Vinean = %J‘zrﬂv(r) dr= erv[rj d[rJ = 2jivmmx 1 —[rJ d(rj =
LTy o To \To I oo I I
1Y (Y] 2\ 7 7
2Vmax7 L _2Vmax7 i =Vmax(1_7j:7vlnax :M=7=0-778
2 T 9 T 9 9 V max 9
0

In general:

[aloca] ]3,::(}5 =5m/ sz

=0

a convective
r= §y ds=-2.61m>/s

2 2
1MV, =11V

V_VI‘2
— Vit T2
T



Results
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31

32

3/3

3/4

3/5

3/6

3/7

- — = V1
ox  Or 0x 2 | Ax
ov 2vir' Ar
Aoonvective — Vo = -——L1
0x P Ax
2:20%0.05" 0.05
[aconvec(ive]A = _75'7 - 132 m/S2
0.075 0.8

L
1M1

Bernoulli Equation

2
&:L+&+g'h

P 2 p
v=19.8m/s

_pP 2 _ 4
pA—pO—z(V—u) =1.8-10"Pa

.
pwateug-h—gv{(ﬁ?) —1} = v=74m/s

=0.141m

=
Il

)

2 |2

qy =0.793m’ /s

2
Pei(g+a)h=Ro
P P2

q, =0.00589 m’ /s

Observing in an absolute co-ordinate system, the flow is irrotational (rot v=10). In a co-

ordinate system rotating with the pipe, rot w = 2, so the term Iy xrot w ds is equal to

J'Z w x o ds, the Coriolis force term. (w — relative velocity) The Bernoulli equation can be

written after simplifying the terms above:

Results

32

3/8

3/9

3/10

3/11

3/12

313

3/14

3/15

Point 1 is situated on the water surface on an arbitrary radius 1, , point 2 at the upper end of

(_rlo))z _1‘12032 :ﬁ+g,h_r22w2
2 2 2 2

the pipe.

v, =10.8 m/s

w=241/s

v’ S ov
&:¢+g‘h+“.;d§
p 2 o Ot

A

J.@d§:aA-1:aA-3m

0

a, =24.1m/s’

a) [a]_, =6.55m/s
b)H=1.52m

B
ja—ydgzaB[loiw}:MaB
L 20

[ag], =1.31m/s

[a,]., =7.94m/s’

F=451N

a) The Bernoulli-Equation has to be written between the surface point (1) and the pipe’s

outlet point (2), in a co-ordinate system moving with the pipe. It means that v, =24 m/s.

From the Bernoulli-equation:

v,=234m/s = q, =0.116m’ /s

b) the power is necessary to lift the water and to increase its kinetic energy. The change

of the kinetic energy must be calculated with the absolute velocity "v’.

2

2
P-p-q{g-h#—vzzv'}—&SS kW .

V= 2'A:%m/s
pair
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Results 33
‘n 2A
36 qy=a-s9 " 22 _ 067 m/s
p
3/17 Because the stream lines leaving the outlet are straight and

3/18

parallel, there is only a hydrostatic pressure variation along
the vertical axis. It follows that the outlet velocity is
constant.

qy =3.15m’/s.

. K
a) in the arc v=—, because rot v=0.
r

1 K K  r -
b) Viewm = 7."—dr =———In-2 Because of continuity: v, =V,
-1 r L-1 T
i
—K-= Vmean(rz _rl) -32
r
In-2=
L

K K
=>v,=—=4m/s, v;=—=64m/s
I, T

From the Bernoulli-equation:

Pr—Ps :g(v,f —v,?)=1.25-10"Pa

4

4/1

4/2

4/3
4/4

4/5

4/6

4/7

4/8

Integral Momentum Equation

F, =12100 N

After writing the Bernoulli equation for points situated upstream and downstream the blade

we get the result:

‘YZ‘ = ‘YI‘

F =510 N, direction 45° from the horizontal plane ("Northeast)

F=109 N
F=57N
G=14N

The integral momentum equation written for a control surface including only the plate and

the upper end of the jet:

(}:p.A.V2 :p.AO VooV
with v, the speed at the lower surface of the control surface.

According to the Bernoulli equation:

v=wlv02—2~g-h

v, =4.55m/s

Write the integral momentum equation for both

directions x and y:

A
a)  F=636N o
b) A/A, =58 pA V'
Solution with constructing the momentum rate e F
vectors:
(It has to be considered that PA v

‘p-A0~V2‘=‘p-A1~V2‘+‘p~A2~V2‘)
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4/9

4/10

4/11

4/12

4/13

4/14

4/15

4/16

4/17

. a
o =arcsimn ——

G=52N

h=1m
P=u-p-A-v-(v-u)=302 W
F, =F, =280N

pi—pPr=pVi(vi—V))

Pr=p, = %(sz _Vl'z)

p,—p,=123Pa
3] h
PP =(p—p:)gh =Dy i
pPi—P,=p; ViV, V) ’
qy =51m’/s |
|
|
20
m—————
19
z \
I

A, (P =P =p AV, (v, — V)
h=6.5mm

The Bernoulli-equation between point 1 and 2 (point 2 is situated at the outflow end of the
pipe):
Ve PV Potpgch

2 p 2 p

p=const, v, =V,

because the area of cross section of the pipe is constant,

An other solution can be the Bernoulli equation between point 1 and 3 (point 3 is situated
on the water surface):

Results

4/18

4/19

4/20

51

52

5/3

5/4

2 2
5 Al
V—'+p—1:L+p—°+g-h+£ where Ap, :B(v2 —v,) (Borda-Carnot-loss)
2 p 2 p 2 ’
v, =v, and v, =0.
h=0.8m
h=1m
without plate
v
with plate :‘/E
%
Hydraulics
F:A-H-Q:TSN
dy
p, — P, = 72400 Pa
p, —p, =1500 Pa
Re = q; -d _ const
d'm d
—vV
4
A P qu L 64  const
Pan =502 d const
16 d
Ap P qu L 0316  const
"2 d*7% d [const d’°
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5/5

5/6

5/7

5/8

5/9

5/10

5/11

512

5/13

5/14

5/15

5/16

2
q, L 64
APy :%Az EW:COHSMIV
A-v
2
AP :%(:,2 % 0.312 :Const.qvms
q,

4

7

Considered that the flow will be laminar and using the formula A = 64/Re, we get
d=13.4 mm.

The Reynolds number is 189 which is less than 2300, so the flow is laminar.

p, —p, =143 Pa
h =17 mm
2
eh=Y{1+Ly
2 d

Considering laminar flow, the result will be d =19.3 mm.

Re =33<2300, so the flow is really laminar.
q,=023m’/s

q,=0.0817m’/s

p, —p, =10900 Pa

p, —p, =28500 Pa

a) H=2m
b) p; —p, =40000 Pa

P=7TW

The power can be decreased by sinking the oil viscosity and by increasing the gap.

The resultant height lossis h , =15m-12m=3m.

2
e =5 Fr2t)

38

517

3m-2-9.81m/s’

Starting with L =0.02, v =0.827m/s

pipe =

0.827-.05
e=———
1.3-10°°

After the next iteration step, v

=3.2-10* = 1 =0.024

oipe =0.755m/s, and the iteration can be finished.

To reach h =12 m, the necessary velocity at the confuser’s outlet must be:

v, =42-g-h=153m/s

d, = M-SOmmzllmm
153m/s
q,=1.47-10"m"/s

a) At first the velocity without friction loss can be calculated: v, =
18
——m’/s

and A=3000
7.7m/s

2-g-3m=7.7m/s,

=6.5-10"m’

So the pipe diameter is in this case 29 mm. Because of friction losses, we need a pipe of
larger diameter. We start the iteration with A =0.02 and d =50 mm :

2
Sm298IMIS ) 36m/s = A=21.210"m’ = d =52 mm

V:
14m 02441
0.05m
Re=2300052 g 4510t = 5.=0.018
13-10

(At this Reynolds number we consider that the pipe is hydraulically smooth)

In the next iteration step with A =0.018 and d =52 mm we get the new diameter of

51.2 mm . The iteration can be finished.

b) If the dike is higher, the pressure in the pipe can reach the pressure of saturated steam. In
this case, the water column is going to break. The lowest pressure appears after the valve, at
the upper right point of the dike. From the equation

Puin =Po =P 8D —gvz{HL‘ ;Lz x+g}

h,.. can be calculated.
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6 Compressible Flows
6/1 v, =260m/s
62 q,=A,p,v,=10"m’-1.37kg/m’-200=0.274 kg/s
6/3 a) t) e = —42°C
b) tZtutal :+2OOC
64 L -2 0833
T k+l
a, =4/x-R-T, =346 m/s
a’ = T a,=316m/s=v’
T]
R
* k-1
p’ —(TJ p,=29kg/m’
Tl
q,=V -p -A" =0.018kg/s
6/5 qQn=A,p, v, =025kg/s
A=—dn 23410 m?
v -p
d,, =d =17.3mm
2
6/6 a) szwf(plfpz)
p
x-1
b) 2= 2x Py 1—(p2j ’
k—1p, P
O v, = LK&[I_L}
k—1p, K+1
6/7 Ma =0.59
6/8 v=80m/s

Results
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6/9 t,=56°C
6/10 T,=262K, Ma, =0.77

6/11 a) d=138 mm
b)  F=p,-A,-v,”=98.10°N



