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(a) The force on the gate is the integral of the hydrostatic pressure on its surface. On the air side
P = Pq, and on the water side p = p, + pg(h — y), so the resultant is

h h h
1
F= fu pg(h ~y)dA = /0 pg(h — y)wdy = pguw fn (h—y)dy = §pgwh2-

(b) The moment of R on the hinge is M = 3RL, and needs to balance the moment by the hydrostatic
pressure, so

h h
M= [o (L=y)ag(h=y)dA = pgs f“ (L )= )iy (.r, - %a) Lp

The above expression can also be obtained from the value of F and its point of action, y = h/3.

The reaction must then be
o 1 2 3L " h
R= lspgwh ( 7 ) )

which is zero for & = 0 and h = 3L, positive for 0 < h < 3L and negative for & > 3L.

Q2
(a) Viscous effects are negligible between 1 and 2, so Bernoulli's equation can be applied. We then have
1

qu,
2P 2

1
n+ EPV;Z =p2+
or .
_1 2 oy _ 1 oV}

p-pr=5p(Ve - W) =5 [(Vl 1].

From continuity, V1 4; = V3Aa, so substituting for Va/1; we have

1
-2 =5pViK,

with

(b) There is vigorous mixing and dissipation between 1 and 2, so Bernoulli's equation cannot be applied.
Instead, the steady flow momentum equation can be applied to the flow in the pipe between sections
2 and 3. Neglecting friction forces at the walls we have

Padz + pVaAaVe = paA; + pV3A3Vi.

Note that p2 acts on the whole section 2, including the back face of the expansion. From continuity,
VaAz = V343, but also Az = A, (and therefore V3 = 1), so substituting we have

P2 A3 + pVi ALVa = ;A + pVI ALV,
which gives
Va A 1
=Vl {12 = ov2 122V 2,12
p2—pa=pVy (1 Vl)-le (1 Al) 3P | Ko,

with P
=of21 _
Kama(2-1),



Q3

(a)

(b)

(c)

(d)

From the streamline curvature,
dp pV?
d_ I m— pu2r,
T T

where r is the distance to the axis of symmetry. Integrating between A and B we have

B ]
f dp = f puirdr,
A rA

2 ['F 1 2o
pw rdr = 5P T

TA

|

PB — PA

Let point A be at the free surface. Point B will then be under a column of water of height Ah{rg).
The pressure at A is the ambient pressure,
PA = Pa,
while the pressure at B will be
P8 = pa + pglh(rg).

The difference between them is pg — ps = pgAh(rg), but must also satisfy the expression from (a),
s0 we have

1
pglh(rg) = EszT?;-
The shape of the free surface is then
Ab(r)meios
0=
The volume of water at rest is
V= TI'thu,

and it must be the same when rotating, In the latier case, the volume can be calculated for instance
as the sum of the volume of a cylinder of radius R and height by — Ah(R) and the volume under
the paraboloid defined by Ah(r) between r =0 and r = R,

R
V = B2 (hy — AR(R)) + f Ah{r2nrdr,
4]

Introducing the expression for Ah(r) from (b}, we have

2 D2 R 2.2 22
Vg Ry R +f W ey = A2 [y = Y
2g 0 2 4g

The relationship between h; and hg is therefore

2 p2
h].=h(]-i-1{'|'}!‘;.R 2

4

The maximum w is achieved for h; = H,
4
u?na:: = :'R% (H = hﬂ)

The shape of Ah(r) remains unchanged, as follows from replacing part of the volume of water by
an immersed solid -i.e. the cone. The solution Af(r} is only meaningful when the angle between
the cone and the free surface at the contact point is positive, so

M <tan(45°) = 1.

L
Substituting for Ah(r) from (b) we obtain
w2h1 S 1
g

If w increases beyond that point, the free surface is not stable and some liquid escapes running up
the cone walls, until the remaining volume of liquid can satisfy the above condition.



Q4

(a)

Applying isotropic relationships from the databook for 7o = Ty (ﬁf) J'_r_', where
71 =300K,p, =1bar,pp =45 barand vy = 1.4
Ty = 300 K (48)04/14 = 461 K

Intended solution - steady flow energy equation
Applying the first law of thernodynamics assuming steady state steady flow

- BT E(ml(h1+g+gﬁ))+2(m2(h2+2{+97!))—,Q’ W and 1y = i

(b)

= he —hy = cp(Ty - T2) = 1.05 kJ/(kg K) (300 K - 461 K) = |1 = -161.9 ki /kg|
Alternative solution - constant volume
W=z — w1 = &(Ty — T) = 0.718 kJ/(kg K) (300 K - 461 K) — |2 = -115.6 kJ /kg|

Inlended solution - steady flow energy equation
The work is given as, wna = —200 kl/kg. Applying the first law of thermodynamics assuming steady
state steady flow results in

Top = Ty ~ 22 = 300 K + 200 kJ/kg /(1.005 kJ/(kg K))~+

%&f— = [r'nlsl] + E[thase] = f%ﬁ' Sjrmv
Sirrev = 82 — 51
From the databook for perfect gases the change in specific entropy is

Asiz=c,1n (%) - Rln (gf) = 1.05 kJ/(kg K) In(422) - 0.287 kJ/(kg K) In(48)
| Asiz = 80 J/kg K|

Alternative salution constant volume

Top =71 — ¥2 = 300 K + 200 kJ/kg /(0.718 kI/(kg K))— [T = 578.6 K

Asiz=c,In (l,ln) - Rln (;;1) = 1.05 ki/(kg K) In(228) - 0.287 kJ/(kg K) In(45)
| Asiz =228 J/kg K|

Q5

(a)

(b)

Calculate the mass of air within the balloon. Apply the ideal gas law to determine the mass in the
balloon

_ — 100,000 Pa 0.001 m? _
m= R.;,T, 287 1/(kg K) 200 K~ | = 0.0017 kg

To determine the final temperature, the first law of thermodynamics is applied
First Law Q@ - W = AU

AU = me, AT

W = patmAV +0AA

This formulation requires that AA be expressed in terms of AV
A=47R? and V = §7R3, therefore R = (:2V)"/3 so that 4 = 4n( 2 V)?/3

Ty = i+ _"'(Q Patm (V2 - Vl) = 0(477( V2)2/3 4”(%‘/!)2/3))

T: = 300 K + goorrrs b 7mg 1y (960 J — 10° Pa (0.005 m® — 0.001 m?)
—100 N/m(47(3/(47)0.005 m3)?/3 — 4m(3/(47)0.001 m?®})?/3))

T =3204 K



Q6

1z 1

v

v

(a) 1-2,g-w= Au, where Au=0—>q=wwithpdv<Othereforeq<0,
2 = 3,w =0, ¢ = Au, with dT" > 0 therefore g > 0, [ Positive
32 4,¢ - w= Au, where Au=0—->q=wwithpdu>0thereforeq>0,

4 1,w=0, ¢ = Au, with dT < 0 therefore g < 0,

(b) ro =vs/va = /2
@in = G23 + g34, Where
g2z = Au =, AT = ¢,(T}, — T}) and
qu=wy= f; pdv
Using the ideal gas relation, p = RT /v, thus gz4 = f;(RT,"v)du = RT} In{vq/v3)
g3a = RTyIn(r,)
gin =c(Th —T1) + RThIn (ry) = (v + Rln (r,))T = (c)Th
By inspection l ky=(cy + Rln (r.,)ﬂ and | ko =cy |

H —_ Wnet — E- out| . ﬂ""’ﬂj]
(C) (1) m= din 1 Tin 1 F13+q34

@i2=RTiIn(r;') = —RTiln (r,) = —287 J/(kg K) 300 K In (6) = —154.3 kJ/kg
a1 = (Tt — T,) = 718 J/(kg K) (300 K - 1400 K)= -789.8 kJ /kg

d23 = co{Th — T1) = 718 J/(kg K) (1400 K - 300 K)= 789.8 ki /kg

g3s = RTyIn(r,) =287 J/(kg K) 1400 K In (6} = 719.9 k] /kg

n=1- 183418 _ 0375 4 n = 37.5%
(ii) With the regenerator the heat from g4, is used as an input to g23. Therefore,
n=1-12ul =1 1843 _ 0,786 - y = 78.6%] or
_ RTiln(r,) _ T 00 _
n=1-gmled =1 L =1 - 30 = .786

(d) To determine the heat transferred into the engine for ¢, = o + BT + T2, where a = 610 J/kg K, 8
= 0.3 J/kg K2, v =7 x 10~% J/kg K3, requires gi, = qo3 + qa4.
Here go3 = f23 cydl = f;(a + BT +~4T*)dT = o(Th - Th) + 8(TE - T?) + 3(I7 - TP)



g23 = 610(1400 — 300) -+ %2(14002 — 300°) + 12122 (14003 — 300%) = 1014.9 kJ/kg

From part (c), gz4 = 719.9 kl/kg

gin = 1014.9 kI /kg + 719.9 kJ/kg = [1734.8 kI /kg

The efficiency is determined in the same manner as before

=1 — fatqy
n=1 qaa+a3a

Q12 =-154.3 kl/kg
g41 = —qa3 = -1014.9 k) /kg
gas = 1014.9 kJ /kg

¢ = 719.9 kJ/kg

n=1- 8431101498 _ 0306 [ — 30 6%
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