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Ql. a) Apply Bernoulli’s Equation along the centre line of the probe:

]
P, =P, =Ap=§pA-V2

Inside the U-tube hydrostatics gives:
Ap=p,=p,=(p,—p,)gh
Solving for velocity:

V:\/Z(pL —P.)gh :\/2-85(1_21'29.81-0.01 —11.8ms"; V=118 ms’ [4]
Py .

b)  V=+v2Kh; (K=PL"P14) Differentiate both sides:

P4
J’_
d—V:l@ => d—V:lﬁziO.mS:iZ.S%
Vo 2 h V- 210.0
Or substitute the upper/lower bounds of the readings:
Vipper = 12.07ms™; V. =11.48ms™
AV
AR +0.023/-0.027 = £0.025 ~ +2.5% [4]
c) Nneglecting air column weight in the U-Tube:
Ap=pogh == V= [2Pgh —11.79ms™; 22| =0.0007 <0.1%, This is much
Py
smaller than the reading error of 12.5% therefore can be neglected. [2]

Q2. At each measurement station y,, streamtube height AY, = 0.1m.
Volume flow rate through the stream tube: ¢, = A, -V, = 4, -V,.:, where
A; =AY, -unitwidth and V,, =V, cosa,; unitwidth=1.0m

Qrora = E AY, -V, cosa, - unitwidth

1

=1.0-0.1-(3.0c0830°) + (5c0825°) + (7c0s21°) +(7.5c0s17°) = 1.0- 0.1+ (2.6 + 4.53 + 6.54 + 7.17)

= 2.084m’%™"



Q3.  a). Atthe nozzle exit, p, = p, =10° Nm™
Apply Bernoulli’s Equation from the nozzle exit to the top of the water column:

p.+ %pr = p, +pgh=p,=p,,,as there is no loss of heat in the nozzle.
Poy =P, =P, +pPgh=10° +10°-9.81-20.0 = 2.962-10°Nm™  (1.962bar gauge)
Conservation of mechanical energy between the nozzle exit and the top of the water

height: % PV’ = pgh as static pressure being constant => V = \2gh = 19.81ms™

[8]
b). All kinetic energy is lost to the potential at the top, the total power
required is:

P= m%ij = pA, %ij =10° -0.16%(2gh)3/2 = 6.22*10°W=622kW

(or P=Ap,-0=(p,—p,) V.4, ) [7]

c) neglect the nozzle height, apply continuity to find V;:

Vi A =V, A; V,-A =V,-10-4,=V,A,; V, =iVe =1.981ms"
10

D1 =D,y — %lez = 296200 —1962 =294000Nm™ (= 2.94bar, 1.94bar gauge)
[5]

The forces to hold nozzle is those to balance the forces the fluid acting on the
nozzle, they have the same magnitudes and same directions as the forces
acting on the fluid by the nozzle in both x and y direction respectively. So the
force coefficients of forces acting on the fluid are the same both in magnitude
and in direction to those required to hold the nozzle. Solving the force
coefficients of the nozzle acting the fluid instead:

SFME in x-direction:

F.+(p,—p,) A =—mV; F.=-mV—-(p —p,) 4
—pAVYV, —-05-p(V}-V7?)-104, - —
C/-Xz p e e 1 05 ’;(Ve I/1) 0 ezil_l(l_i)loz 20_@=_ﬂ=-505
’ PV2A, 10 2 100 200 200 200 —

SFME in y-direction:
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