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l. v(o;) Tds = dh - vde
Isentropic. .. ds = O
jc\h = j. vde
lncompressibla . Vv = constent
he=hy =V (a-p)
or An = Vv Ap

() SFEE Q-Wx = m(ho—h) neaketng KE and FPE
Q=0 as acliababc
Lo Wx = —=mi(he—h) = —m Ahn
As twting s (senhoplc and wader s effectively ncompressible
+he result from part (&) con be used
. Wy = = muAp

(> Voriables 7 N D V
Diémensions - # s g
==

Y vadablas 2 divensions = “4H-2 = 2 or meore dimensionles

Kroups

By ¢nspection (o otheaise) _\2_3 5 dimensionless
ND

(a4 For deta given ¢ = _\_7_ = __7_2____ = 0035
ND®  SDx 3-42°
= = O from gmaph

Wy = 9 Wesen =9Vap| = | 0Vpqaz| = °%x7o:o‘xa~mxswr
= 275 M



2. ()

() Qin ony +auws place in proces A (1 > 2)
¥ Laws .~ W = Awn
No volume change .. W = O

g = Au = q(—t:,_—T) = T, (1:—1)

() For powess B Qg = © (revesstble + isentopic = adiabahc)
Weg = = &(Ta-Te) = a(T-TE)
For on isentropic prowss ™' = constont

- —-)
o FRVASLISIRES VA

Tsme e g™ e w oo
W = oy R(1-¢'7)
= o (i-c)
No weorkc dona i1 process C  ( constont VOLuvne)
or process D wy =flpdv. = P'(v,-V‘,.) as p constont
v = pV(1-r) as_‘\/_;_r=xvg="
- QT (1) using vt RT

= o Te(1-r"") + er(1-0)

() The net worke S the eaclosed ovea of +he p-v dilagram.
As r s roeased pornt 3 follows +he pvd'= Const™ |ine.
2
For high eough r the cycle looks like —ve oo
Lo ™=
The shaded arec represents -ve wooric [

and +hnus +he el cooric reduces. 3
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2. (&) (cont)
The net Loore (s maximsecd Lohen points 2 and ‘[‘ concide,

j.e. -—’-3 =—r:r.

from (c) T3 = 'T,'-r.:r‘-r

R=F - &=L % T =TWw=TW =rT
Vie Vi ! Vi

-‘0 —ri =Tl'- # _r;'z:f“-r = r.T;

AU:C:‘(\M

AdWner =
de

- T (-)rt - T,

. =
F_

- .
= |

 dWnet = O wihen (¢-1) Toyr”

dr
L = o= S T

< r’=“','z:I



3. () cdh = G dT  of constont presswe e,

= (A+8T)dT o

2

2
" J-dh = f(/\-i—GT)dT _ for a constant presswe  process
1 1

S ohymh = A(R-T) +i8(TRE-TT) L o

Although +he presswe (5 not neaassonly constont tHhoughout He .
wg [= 9

deuica , +his EQuation S valdd because enthalpy s a popety .

and the change 1 a property depends oaly on the ead states aad
not the path toucen. L S —

(&) Tds = dh - vdp e

Assume the process IS constant presswe * dp = O o

Tas = cedT = (A4 BT) dT o R

1

S5:-5, = Al <;_r’:) +,,,B,(_T-.,:,T.) e
t

TS —

-
(€) et R .Ut the heotr flow 1o +he denke. .. [ ¢t 4 s s ¢ 7 ¢ W

Pe kq of gas e

Applying +he SFEE S > Deutcr | o

- N—-»’T-: Q._—' (h,,—' h.) B )

5(54 +the Second loww T

S;-s, » & o o

T

RS T (SemS) e ——

WS T (527 S)) = (hohy) S —
W

$ AT, N (;__‘;_1.:) + BTH‘(Tl-:T\) — A(_rr-_—“)__lis(_r:__“z)




3. (d)

.. SFEE glves W = Qin - QRoue

S

I t+he exit gas is woled t© T, . +hen it (3 In the same stede s
the enty gas ond couwd theefore e recyeled. So the deurice N
5. nowd eguivalent t© a cyclic heat enrgne. lb recolues hoat

at derperabae Ty and refects oot at tempetihwe .. TThe

Maximum passible +Hhemmal efficiency IS that for a revestbl. R
hoot englne operoting GCetloeen t+hese tenmpeatwes, ne. the -
Carnct esz'a’enr;ﬁ ,‘

IR

7!“0)( = I B

LLLLLL S/ T N

ALbea'\abl',u&l:i

i a

.\ - el

h 77777777777 Te
Stoke | = Stare Z ( Same © ond T)

2% Laws glves  5,-5,. = O 2 Q- Qouw S




h (&) Ay two propoties except presswe and temperociwe cve suficent
4o determing +he Stode. Presswe ond temperatve we not ndependent
N a twe phase reglon.. B —
A -
(c W T
yad ,_,
" @ -
Compressoc Condenser Theottla 25°
Win [0) 7 . -20°
‘QE
h, = 2121 wT/kq
hy = 597 kT/kg = hy
- (©) hy = Schg + (1-2) he = > ( he = he) + e R
M7 = = (1787~ 17'8) +17-8 5 S
>= = 0-2604 -
Vg = 000076 m®/kgq (Toabk I3)
Vg =

Vg + (V- ) Ve

0-02387 m3/ q

Ratio of volumebnc flow mtes = _\_’i- =

o 00076

Ve 002887
- (d) Win= o= h, = 2121 — ‘-73.7 = 334 wJT/kq
CoP = Qg = 1930 = 353

Win 334

O 2e0l® O'108] + (1 - ©-2604)* O C006q .

O

o263




Ak

H.(e) If the Hhmotte IS replaced by o trbthe the COP S ‘noeased .
h, is deveased .. Qg is (hoeased ,
Also woorke fom ™Mrotre  ( hi - h...) can Le used fo help Aaun
Hre compressor thuws reducing Wi,
Howeuer; Hhe twistne S cperoaing wiith o twe-phase fuuld
and Ll Hrerefoe \ikely need regquier madntenance — o

Hrotra, LWnden Nas o Mmowtng ports, does act hove his

disadvarttage
A thotbe s also, of course, cheape Hwn a twbee. I
IE may Le difffcult t© madtcihh the sSpeads of +Hhe comeresso™

ond turedne.
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SECTION B
5.
: \/gv . \/rgv . —\/gv
(@) 0= = ¢, =We, = €y, g =—0e, = e,
2r 2r 21
(b) r=re,
oy . it J3
r= e, tre,.=——¢. + Vey
dt 2 2
dv v o N34 J3 NERY 3y
F=m—fr——¢ t eyt ——Vgy = ——— gy — ——¢,
dy 2 2 2 flr 2 4 4
o o
() Velocity Acceleration
%
B\ v
2 2

Alternatively: ¢ =60

N3 v? 37
§=r-e, =————sin@ ———(—cos¢)=0
§=fg=-——sing—7—(-cosg)

To find the radius of curvature:
Acceleration in e, direction

«/—I’;v2 37

s . Yo
==t —-T-r—(—COS‘P)“Z R( sing)
_2 (B3, 3B) B
T rl 8 8 ) a2

2r
= R_ﬁ

[Fairly well answered. Note that 6 =0 . In (b) many people derived the databook
expressions. This was fine, but explicit expressions with v and r were still needed for (c).]

Part A crib, Mcchanical Enginecring, June 1998



0.

¢, on point
¢, on DEF

i

¢’ A ac

106

c’ hBE IR 7

» 38.5/1
Wpep =2 =20 6 31 g A
r 30
2
W, = 125 __ 0.026 rad/s S
' 10x 48
er = 4.05 =0.045 rad/s A [Necessary to check the signs for @ ‘s to get

the friction working right.] All answers
v, — = 3.05 mm/s

subject to drawing errors/inaccuracy.
v, b =10.6 mm/s

From work in = work out 10.6-P=3xR = P =70.8N

For all joints @'s are in the sume direction - hence difference is needed.

work in = work out + frictional work

10.6- P =3x R+120(f0.13-0.026} + [0.13 - 0.045})

= P=729N

Part 1A cntbh. Mechanical Ernoinesring  fames | QUR
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7. 1 4 ' A
(a) [nitial compression = o

mg = kaH = aH = mg/k = H/30 3H
(b) loss of PE = gain of KE X

L . :a”

(3+—5)H-mg=§mv; pu | |H

:> ‘r, e M
VLS CRITRRRRRRSSSSSY

(c) Momentum is conserved through the impact.

my, =2myv, , where v, is velocity after impact

=v,=v,/2

KE before impact = %m v

KE after impact = —;— 2mev)

. | ,  mv’
Loss of energy = change in KE = = —my, = my; = —=
2 o !

= ﬂmgH
60

(d)  Maximum compression = H
Equate energy after impact with energy at bottom of bounce.
(1)  KE after impact =mv, = -z—(;mgH
mgH

(2) PE after impact (relative to H above ground) =-2mgecH = T

. . 1 , I(HY mgH
3 Elastic stored gy aft t=—k(leeH) == —| k=
3 ic stored energy after impac 5 (e H) 2(30) 0

(4)  KE at bottom of bounce =0
(5)  PE at bottom of bounce = -2mgfH

(6) Elastic stored energy at bottom of bounce = él-k(ﬁ H )2 =15 mgHpB’

Equating (1) + (2) + (3) = (4) + (5) + (6)

%é._.l_s.-{-ga =-208+ ISﬁ2 (Equilibrium position)
B= 2tv4-4-15 88/5:" L + \/_97- Take positive root for max. compression.

30 15 30
Max. compression = BH=0379H ©0-3864

(e) Assuming that the platform is initially at rest % H above the ground (as for (a)) then

the same energy is lost on impact, but now some energy goes into frictional dissipation so less
goes into elastic stored energy. Hence the spring compresses less.

However, the platform may be at rest at a different position, with friction acting. Now
the loss of energy on impact could be reduced (if the platform rests higher than betore). Some
will go into friction but a full calculation is needed to find the change in compression.

Part IA crib. Mechanical Engineering, June 1998



(b)

(c)

\\

[n steady orbit * F = ma-

Se ; k(r()—/()): :’”95’(.1
) m - /\
( / 9():(’?)_1())

After impact: Tangential velocity increased by Av
V= 90 ry + Av
k Av
+ —_—

6, :('?)—[0)\/—

mry

Moment of momentum about O is conserved.
m@r’ =m0,r; , where 6 and r vary with time in the subsequent motion.
Radial acceleration —k(r—/;)= +m (F -ré? )

4

Eliminating @ and rearranging: 7+ £(r - 10)2 - (9, )_ L"{ =0
m r

Putting r=y+r:F=y

k SN By
=S (y+n 1) -(6) —2—=0
y m()""'b ) ( |) (y+'b)3
Using binomial, and cancelling terms in (y/r,)’ and higher
.2 k 2 2 \2 3)1
= 1)+ (= 1) - 0
y+ m ('b 0)+m(’6 o) (ol) ’b( 'b)

ie. y+ay=b with a=2—l‘-t-(r;,—lo)+39‘,2
m

b ="I£(ro -4, )+,
m

Solution to this is y = A sin @t + B cos ax + b/a with @ =a .
Since y varies sinusoidally with time, so does the length of the spring.

The frequency of oscillation f = — = —1—\/ 2—k(;;, —1,)+36] .
m

2r 2rm

[Relatively poorly answered. Moment of momentum in the radial direction is not conserved

through the impact. Some care is needed in the binominal expansion.]

Part |A crib. Mechanical Engineering. June 1998
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" SECTION C

9.
v, v,
i v, =IR
R c , ve =0/C
"iT - T“" v, = L(—[l'
dr

(a)
Sum voltages around circuit
v, —iR——Q—L(—h:O

C dt

i = —Z—J.v"dt , 0= —Il:”v"drdr

= v, —%J.v”dt—é”vndtdt—v,, =0

Differentiate twice with respect to time

= Vo=V +—v +—v,
L CL
1 2C _

Which is case (b) with @] =— , ===RC , x=-v, , y=v,
LC a)ll
(b)  Undamped natural frequency f, —Lw L L
pe q y Jn 27[ n 27[ m
1

i =429 uH
(1215x 10° xzfc)' x0.4x107°

= L=

(c)(1) See page 11 of the databook. The resonance peak is lower and broader, and the

frequency at which the maximum response occurs is higher.

. -9 3
(i) c= RCw, _15-04x107- 1215x10 X2E=2.29x10‘3
2 2
1
=—=218
Q 2c
From databook |Y]| = —m——;
eNl=c”
= |, Y =218V,

1

0]
Maximum response occurs at — = ———— (for small ¢ /)
| o, 1-2¢

n

% change = 100(“’ — 9, ] = 100(-—1-—— 1) =52%10~%

() Ji1=-2¢2

n

Part tA crib. Mechanical Engineering, June 1998
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10). q
{
() Equating torces on massless central platform §-—/\/\/\r—— 3
= k- A+A(t+1y)=0 N —
24 o formas reauived with \ f
T_\ + v = I\ - form as required wit d B
A AT —>| —> '
=— . b=—=— v |
IS ko2
(b) N+ yv= AT
2
PIL v= AT , CE. v=Be™"
21,
AT
BC. y=0 @ =0 = y=—(l-¢")

2t,

(c) Three different values of ,/T = 3 different curves.

Iy _ _é__l__ _0s _
F=05 oy =3 0.5(1 ¢*)=0.394
t
2=1 Yo, =0324
. .
LT’ =2 ¥ =0224
Slope dy =éze"/r=éz @ r=t,
d(yT) 21, 21,
vy A
t,/T=1

initial slope

| — —]
N~

(d)  For t>t, , Ty+y=0 = y=Ce™"
B.C. t=t, , y=0324 = y=0324¢ ™"
=0.86Ae™""

[Many people got mixed up over ¢, and T , most sketching three curves, one for each value
of t,/T .]

Part [A crib. Mechanical Engineering. June 1998
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2 (] = m 0 by inspecti
(a m|= 0 m/io y inspection.

k+ak -0k o
(k]= [ J using influence coefficients
-0k ok
(b) ~[m] @’y +[k]y=f
v=[lk]-[mlw*]" £
~ [k(l +a)—mo’ —atk T

—ak ok —mw*/10
_ka—mw*/10

f

Y F where A is the determinant of

A= (ka - ml((l))_ j(k(l +a)-w'm)- ko’

() Resonances occur when A =0
a)-lml

- wzm(ka + k—(ll%(l)) — (ko) +Ka(l+a)=0

10k*
- a)ﬁ’n2 _ 2.1w*m 120
k* k
wbm  2.1x+2.1-4
ko 2
=0.73,1.37

® =(0.85,1.17)Jk/m

7

=

o8 1 v e
' 7

[¥,|=0 when ka=w'm/10 = w=+k/m (resonant frequency for added mass)
|Y|= F/k for @ — 0 (static response)

Part 1A crib. Mechanical Engineering. June 1998
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