Py T poFer V 2ole

a1

(o} The forec on the pate ie chae integval of the bysdbtmuilic presenens on ity surfoce. Cha che oir side
P = Pa, &nd oo the waret Skle o=z, + py(h — y], 50 che reewtaot 6

X A 5

1 ~

F= fn o2(h = plld = L 2o(fe — yhuirly = pyu; f (e —y)dy = FPAWA".
D n

(b) The wotent of & o Lhe hioge i A = 321, ind needs to bolaoce the moment by the hydroststic

pPosiune, s

A R
M= j; (L — #)palh — yldd = pguw -/o (L —y)ts = ylly = (L - éh) % okl

The above exprossion can also be obtalned from tbe vadue uf F oand ils point of wction, ¥ = f/3.
Tae reaction must chen be

1 n 3L+h
R=1—Bﬂ9wh (“—L )

which i zero for i = () aod & = S, positive for 0 < 7 < 35 and pegalive Jor i > 3L,

Q2

(a) Viswows vifeels an: negligible Letwoon | sud 2, so Bervoulli'e squutlon cun be applicd. We then havo

1 1
P+ E'OVF =m+ EFV;Q:

D UPTRRPIS S KA Y
pu—m =il - 1) = el [(Vl) rl].
Lrom cootinuity, Vidy = Vadz, 50 subscltvtiog fur V5,1 ae e

1
H-= E”VEKJ,
vith

(b) There is vigoroue mitiog end dleslpation between 1 nvd 2, 25 Bernowlli's equagion connot be spplied.
Insstead, 1be siendy Pow rzomenzimn eguesion can be epplicd to the Bow o the pipe beLween exclinny
2 sad 3. Naclecting Lictiow [owo=s ul the walls wag Jiove

P2 s + aVadalh = puds + oV 451

Note that p; ecta on the whole seclsor 2, lacluding the back face of the axpangion. Froi eaamtinnily,
Tads = Vadg, but aleo Az = 4 (sod therelore 15 = 14 ), 30 3ubatiluliog wis hawvy

Ay + oW A Vs = pady + oV 4,1,
which azives .
D2 — Dy = oW [l - E) = oV (1 - —f) = LoVKy,
with



Q3
{8) From the sueamlne corvatuce,

dp _ pV?* _
T T

wlere 7 i3 the distaace to the ads of sywuetry. Dutegrnling hregwisan A ond D we have

H 3]
f dp = f puirdr,
A ra
'af,fdl' = l;ugrf;.

{b) Leb paint A ba ot Lbe free ewface. Paind A will then be under 5 column of water of heighl Afirg),
The pressun: ul A ix by pmbient. prezeums,

|

e — P4

¥4 = Fa.
while the pressure ac B will be
PB = Pa — PIAK(TY).

The difference Setwran ther ia pp — pq = ppdliry), but muse also sotisfy the expraaslon fron (1),
50 A2 haye

1
£98h(rg) = §P¢-’"‘*3-
The shape of the free surface Ja then
AT
O l(!‘] = —2;-
1¢) The volume of watar at 1est i3

and It must be tha some whan 1oating, T Ll Ldter cwe, the velume can be calcolated for lnstaoo:
&5 the sum of the vulunx: of 1 cylinder of radiva A and beight 4y — AR(R) and the volume vodet
the peraboloid deficed by Alfs) betweea r =Ound r = R,

]
¥ = R (b, — BR(R)) + f Ah{riZrrds,
u

Tnlruelurzng $he expression for AA(r) fram (b), we June

B we * R wy® 2 w42
V—'.‘l'ﬂe(fq—~ %0 )+j: e 2urdr = 7R (h;—~ - )

The relativasbip belewern 4 ood Ap 35 chercfoce

8
My =ty - ;l‘-hym.

The suaxltobed w is noliioved for &) = &,
4
Woar = 77 (F — o).

{d) "L'hc shape of &kir] resualud wodenged, ws follows from replacing part of che valme of water b
an ‘ineced solid —ic. the cone The eolution Ak(r) 13 ohly menoiogful whan the angle lelwer,

the cove and itie Ceee sirfars 1k the contact point is positive. o
(AN
o { h\l‘:l] < [45“) = 1.
dr Ir=ly

Substitutiog for Ahdr) Mow {b) we ubtnin

wiiyy

Y
If w increasee beyond Lhat poiul, tbe [ree yurfoce is noc scabla and eotwe Jigulid wcaynes runoiog wp
Ll uarer walds, amtil ¢he remeining volume of dquld can savisfy the abmr conditon.

[

L

w



Q4

(B) App]vlng sotrople relatlonslops frov b clishiook for T = 7, (B} , whera
=300 1, pr = 1 bar, po = 4.5 bor andd 4 = 1.4
T, =300 XK (L2001 L gi1 K

fntraded sofwbior: - sleady fow enedrmy eyuation
Applying the first luw of theonodynauivs mwta!é steady svule slesly Muw

-E(ml (hl-b?: M)} (nb; (Jt;+ 3 +g;4)) == W and iy = sy

by — &y = cpT) — Ty) = TAG kd/ikg K) (300 I - 481 K — [ = 1610 kT kg
Allermatiae solutior - conalant volutne
di =y =y =6 (T - T} = 0718 K, lkg K) (300 K - 461 K — [ i = -115.6 Jul kg

(b] frtanded dolulior - sleady flow cnemy couation
The wack e glven as, 4, = =200 I{Jf'sg. Applving Lhe Begt |nwe of thermodynamics sssuming steady
plule sloeady Agw eesults i

T, =T - 22 = 300 K + N0 kI 'kg /1.0 K]/ (bg K ]...
%F_ B[fh‘[:‘]J + 2 :i’hﬂ:] S j"g + sirnn

Siccer = 12— 2y
Irom the dacebook fue perfect guses Loe rhisoge i 2pucilic entopy is

Bz =cpIn (F4] - Ko () = 105 Klikg K} Ini ) - 0.257 kI f{lg K) Inf32;
[8x2 = 80 )/k= K|

Alternarive solun’mt - cozlsdurct volume

Top = Ty — %2 = 300 K + 200 kT/ke /(D.71B kT (kg K)i—=

Az = gl (@u) — R {2} = 105 kT (ke T Io{ %48) - 0.287 kdfikg K) Wi 4E)
[Aa1z = 226 J/kg K|

Qs

(1) Calealate the maes of gir wichin tbe bsloon. Apply the idenl ges low to desermine the yosss L L
ballaan.

m - e = LSO [ 007 bk

(1) Trr determine thm final ceroperatuce, 1the Grst Jaw of thermosdybutnles is azplird

First Law @ — W = ALS

AL« me AT

W =pgmAY +-ciAa

This formulnsion requiros that A& be expressed Lt lehos of AV

A=deit? aud V = 427, thercfore R = (£ 1) 50 thet 4 = Ja{L V)22

Iz-h-l-—l"{(.'-P.uu{Vz—‘ ) J[GFI VZ]z‘J_q”(lV}aq]’

Mmidy

T.=300 K - mﬁj‘rmi['!m J—UF n! 0 005 m® ~ 0,001 m’}

=100 N/mi(37{3/(Am)0U0s m P = 43,/ {4r)0.001 ud}43))

T = 4.4 IC



Q6

v
(o) L=2,g=w= A, wlhere Au=0— g = with pdn < O thwrofore g < G m
2w ot =0, g = Au, Wi T > O Uwrelore g = N, |I‘m§r,ivc I

b—4,0-wm Ay, where Au=0—q=u with pdn >0 Uwrefone g = 0,
1= Lw=0 ¢=Au, WihdT < 0 Lwvehae g < l],l Nugutiwl

B) re = vafm = ufm
Yin = 23 + 34, winre
P = Av =007 = (T — T}) and
@1 = wa = [ gy
Using the jdeal gas3 relatlon, p = AT, thus gy = f;(ﬂ,';'ju Iy = BT In (14 f2y)
tas = ATuloir,)
gin = el Th — T+ AT ln (rey = loy + Rnira) ¥ — {en)2]
By uapeclion k; = (e, + Rln [r.,}]—l and |kg = c‘,l.

: e — | ] L gt
& {jr=Ym=1-=l=]- iz

n2 = RTInfry") = - R lnir,) = 287 2j{ke K) 300 K W 6] = —154.9 k) kg
241 = ey — Ty) = 716 J/(kg K (A0 K - 1400 K)= -789.8 k) /kg

1 = cofT). — T1) m 716 J, (kg K) {1400 K - 300 K= 7398 kI

g =R 1n{r;) =287 J/(Ag I¥) 140 K Ia{6) = 714.% k) /ke

7=l = Ry = 0270 =l = A7.5%
(i} WWills ebes negunerator the heat from ¢uy s used as an input w gz3. Thonfome,
:,-=1—lgﬁl=1—;':—g:g=0-736 n=758%|or

_ Tinirsd _ o — 7E
PR . TR S

(d) To determine Lbe henl Lwnshizrerl it Llw cpgine for o = o + §7 4 +T%, where o = (10 Jkg IE, 2
- 0.3 ke I(_.a. ¥ Tx 107" kg K3, veguires g, = 423 + .
Lcre gos = [ codT = [ + 8T +4T40T = o Ty - T}) ~ HT2 - T2) + 3 (17 - T



a3 = G10(1400 — 200) + %4 L1002 — 3] + T2 (q08 — 5U0%) = 10T4.9 kJ/kg
lrom part (€], 14 = 7108 k] /ke

Jou = 10149 KI/kg + 719.9 kd ki = | 1734.8 kJ ke

The eflivizocy 8 delenomned e sume manaer a5 before

=1 — Ma=—au
y=l Q1 +HGae

012 = -151.3 l{-‘.l"llg

qu = —gay = -1014.9 k), g
eza = 0144 k) kg

gy = 7109 kJﬁ:g

p=1- Rl g 396y = 32,05
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Be) At max Crfraion, kol asove af Pt JRA Vi Motetre onttoved.
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5) Vae, = Va~Vp = (J?“I)Q-E}i
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&L 10

w 4 = (T+V)-¥
s.z'j_(}"‘"— Mg /76
(z' 57 t-/.(_. ”

T

= ( 4 (7900) — bxio™" LLZ i o T¢. f?x#")au

{1200 & 400 ) xa” €600 Afa
=7 4408 xp' T4
Wit 0T B Jownds  pa= T

Gl OF ads®
= 2636 4

& Use consernton of  promedt of Irrsmreyclopmn, -

*05?‘!”:"0 = Ly

r,= o . ?f’w(fwf-'-‘f- (-'300);(/0
ol 5431

= 11,060 km

The altitude therefore is 11060-6400 = 4660 Km



R J’_&J o

S S A A
R R P R R At - —
..... A T AR S

| P——

—— r——aa
—— —
——— g |, ey
C)
—_—
—e—— .. . ——
-
————————— — 8 A} PP &, & S
— Pa—
~——
i ~r.
———————————— ¢ S— — +
—
—gege ee .
———
-
_—a“—
- — v, -,
L'
.,
- -
way - — -
-




'[“" " F 3 & eaned, w3t
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