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A large basin is connected with a closed container.
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The inlet is well rounded. The connection consists of a rounded duct.
Each part of duct with length [ has a friction coefficient A\. The duct is

moving at constant angular velocity w.
At the angular velocity wy the mass flux is zero.

a) Compute the container pressure p;.
b) Compute the volume flux @ through the pipe for w = 2 - wy

c) Sketch the mechanical energies for a streamline beginning at the
surface

Given: [, d, g, p, wo, pa, A\, Hint: — = pw“r

33%3
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a) no mass flux at w = wy ]

p5 = pa + 4pgl
pg = p5 + splwpl)?

Di = P6 = Pa +4pgl + 2pr12

b) Bernoulli in rotating system [w = 2w]: “1* — “6°

pa +4pgl = p; + %pv% - %p(2w01)2+
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Continuity: v5 = 116(261,)2 - §(;L§)
V5 = le%‘ Uy = 116%
0 — _gpwoﬂ ;pvg L+ A;(z * 312 i 10124)
— vg = 0 zl22081 Q= MZQ%
L+ Agioa 1
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Water is flowing in the sketched configuration from a large container through a well
rounded inlet into a pipe. At point 3 is a narrowing such that no water flows through
through the thin pipe. At point 4 the water flows into the open air.

1. Determine the ratio A,/A; for a loss-free flow.
2. Determine the ratio A,/As; if the pipe loss coefficient is A in all sections of length

L. There are no other losses.

Given: L, h, D, \
Hint:

e Check the units and signs of your results!
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1. Conti:

Bernoulli 0 — 4:

mit P4 = Pa-

Bernoulli 0 — 3:

no suction:

Ay
U3 = Vg

As

0
Pa+ 09(L+ h) =ps+ 5@3

= V4 = \/QQ(L + h)

0
Pa+ 09(L + h) = p3 + gv?,
P3 = Py — 09h
Ay

0
= 0g(L 4+ h) = —ogh + “vi(55)?
2"\ 4,

2g(L+28) A, [L+2h
A — (L, h
2 T NLh SN
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2. Bernoulli with losses 0 — 4:

0
Pa+ 09(L + h) = py+ ~v] + Ap,

with Ap, = %vi)\% and py = p,:

Bernoulli with losses 0 — 3:

Pa + 09(L + h)

with ps = p, — ogh:

2
0 3L
= 0g9(L + h) = 5@2(1 -+ )\5)
2 2g(L + h)
o1+
0 5, Ayy 0 5 2L
p— —_— _ N A—
p3+ 2U4<A3> + 2’04 D
Ay 2L
9 _ 20(77%\2 A=
= 29(L +28) = (P + A7)

A4 B 29<L + 2h>

2L
A

Ay (L +2R)(14 235

AL 2
Ag U4

D

=

As (L +h)

2L
=
D
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Exhaust gas (p = const) flows out of a large industrial furnace (D > d, ») stationary
through two chimneys with the diameters d; and d, and the heights h,; und h, into
the atmosphere. The air coming from outside (p; = const, p;, > pg) stands up to the
helght hg.
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1. Determine the ratio d,/d,, when the volume fluxes in the two chimneys.

2. A choke with the loss coefficient (p, is mounted in chimney 2. Determine the loss
coefficient (p, for the condition d; = d, and )1 = )

Given:
ho, hi, ho
The only losses are in the choke.
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1. Hydrostatic basic eq. and Bernoulli from |0] to |k/:
outside:  py, = pa, + prg(hy — ho) with k=12

S %
inside:  p,, = pa, + ?vék + pag(hr — ho)
prg(hi = ho) = "0, + paglhn — o)
v, = 20(he — )2 1)
PG

. wd? d?
COH’[IZ UGQTQ = UGljl
v, _d i UG
?}G2 d% dg ?}Gl
di  the — ho

dy \hi— ho



Aerodynamisches
Institut und

Le h tuhl fiir
Stromungslehre

example

2. Bernoulli from |0|to |2
outside:  pu, = Do, + prg(he — hy)

. . G
inside:  pu, = po, + (14 (o) 5 0, + paglha = ho)

d1:d2 ’ ‘/1:‘/2 — UGQZUGl

(, =l
Dr—hl_ho
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An irrigation system consists of 2 fountains and is feeded by a large tank. The flow

in the pipes with the diameter D is lossy. In the inlet and in the bends no additional
losses occur.
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1. Determine the velocities vy, v1, and wvs.

2. Determine the static pressure in point ’k”.

3. The system shall be changed such that the exit velocities are the same (v, = vy).
The length L and the height h cannot be changed. Name 2 possibilities of costruc-
tive steps to reach the same velocity in both pipes. Substantiate your answer. (No

calculation)

Given: L, H, h, p, g, D, X\ p,
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a)
Bernoulli from tank surface to point 1:

h 1 L

D) + 2@?)0)\—

1
pa+QgH=pa+@gh+§@vf(1+A 5

Bernoulli from tank surface to point 2:

1 L+h 1 , L
Pa+ 09H = po + 0gh + 2@v2(1 + AT) 2@?)0)\5

Conti:
UQD2 = U1D2 -+ U2D2

h L+h
v%(l -+ )\D) = 112( )\T>

1+ A
Uy = V1 1+)\% v1U1 Vo U1( 1)
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Plug in Bernoulli from surface to point 1:

1 h L
Pa+ 0gH = py + ogh + 5@@%(1 A5+ 1+ 01)2A5)
29(H — h)

T TR (1AL

= Uy = (1 -+ 01>U1
= V9 = C’lvl
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b)
Bernoulli from surface of the tank to point k:
1 L 1 L
a H = P 1+ A—
Pa+ 0gH = pi + oA 5 + 2@@2( A )

| Lo L L
Pk = Pa + 09H — 5@(1 + Cl) AE — —001U1(1 + A@)
1 L h
Pr = pa+09h+2sz(AE+)\D>



Aerodynamisches
Institut und

Le h tuhl fiir
Stromungslehre

example

c)

The losses in the stand pipes should be the same.
e pump in the longer pipe
e decrease )\ with a better surface quality.

e reduce the losses by using a larger cross section and accelerate at the end in a
lossfree nozzle.



