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QUESTION 1 [20]

1.1 Find the missing properties among T, P, v, u, h and x (if applicable), give the phase of the substance,
and indicate the states relative to the two-phase region in a T-v diagram, for R-134a at

111 T = 40°C h = 400 kj/kg (4]
112 T =13°C,v = 0.3m3/ky. (8]

1.2 A piston cylinder contains 0.1 kg air at 100 kPa, 400 K which goes through a polytropic compression
process withn = 1.3 to a pressure of 300 kPa.

1.2.1  Find the final volume and temperature [4]
1.2.2  How much work has the air done in the process? (4]
QUESTION 2 [16]

A piston cylinder arrangement, shown in the figure below, with a linear spring contains R-134a at 15°C,
x = 0.6 and a volume of 0.02 m3, It is heated to 60°C at which point the specific volume is 0.03002
m3/kg.

2.1. lllustrate the process on a P-v diagram. [4]

2.2, Evaluate the continuity and energy equation for this process. [2]

2.3. Determine the work and heat transfer during the process. [10]
s
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QUESTION 3 [20]

A 1 m? tank containing air at 25°C and 500 kPa is connected through a valve to another tank containing 4 kg
of air at 60°C and 200 kPa. Now the valve is opened and the entire system reaches thermal equilibrium with
the surroundings at 20°C. Assume constant specific heat at 25°C and determine the final pressure and the
heat transfer.

QUESTION 4 [20]

The refrigerant R-134a is used as the working fluid in a conventional heat pump cycle. Saturated vapour enters
the compressor of this unit at 10°C; its exit temperature from the compressor is measured and found to be
85°C. If the compressor exit isat 2 MPa

4.1 lllustrate the actual cycle and the isentropic compressor cycle on a T-s diagram [5]
4.2 What is the compressor’s isentropic efficiency? [10]
43 Determine the COP of the cycle [5]
QUESTION 5 [24]

A steam power plant operates with a high pressure of 5 MPa and has a boiler exit temperature of 600°C
receiving heat from a 700°C source. The ambient at 20°C provides cooling for the condenser so it can maintain
45°Cinside. All the components are ideal except for the turbine which has an exit state with a quality of 97%.

Boiler B i i

. J\ y i
' - Turbine
Lty ‘
N +®
- i
'y : . ,
e | Condenser !
- i :‘ i g———
Pump “-’ Qa
5.1 lllustrate the cycle on a T-s diagram (4]
5.2 Find the work and heat transfer in all components per kg water [14]
53 Find the rate of entropy generation per kg water in the boiler/heat source setup [6]
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Formulas
Control volumes and units

et
=3
vE g
.m
V

AP = pgH

T[K] = T[°C] + 273.15
T[R] = T[F] + 459.67

F = ma
_d'x _dv
g =X -4y
dt- dr

. dx

i dt

Pure substance behaviour
Noe= o,
1 = x = my/m
v = {1 =xjo+xu,
P-v-T
Pv = RI  PV=mRT = nRT
R = 8.3145 kirkmol K

ap’

R~ RIM
Py = ZRT
p . £ - T
P, 5 i T

Energy transfers

W= f’ﬁn/xzj mnf:f“.‘f d :J T df
! i i

w = Wim

W=FV=PV=Tw

Velocity V = re,

PI" = constant or Pv" — constant

Wy = (P — PV (Gifn# 1)
l—n
v, .
L= P 1;117; (iffrn=1)
O 5 i C_{T
= dx
Ao (Wim K)
0 = hd AT
h(W m? K)

O = eoA(T* — Thy) (o= 567 107 Wim® KY)

]QE = j er = Q:\':}, Ar
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Energy equations

E=U+KE+KE = mu~ | mV* -

KE = ,l, mvV*
KE = maZ
e=u-+ %VZ ol

h=u+ Pv
it = up+ xug, = (1 — xyuy+ xu,
h=he+xh, = ~x}h+ xh,

o~ _(7/2_
.= (2):6- (%),

C=C,=C,
Us = Uy F(Tz T T}
hy = by =ty — uy +v{P.—P))

h=h+v,(P—Pyuhu=u

h=u+Pr=u+RT
_ du, dh . C,+R

C=arCe T ar

Us — ity = J CpdT=C (15 = T))

f1a = hy = J(;_ A= Gl — Ty
E=0~-H

Es — Ey = 0, = W,

m(e. = ey) = mu, — )+ % m(V3
E=mue*+myey+ mee, +
Vo= [Vdd = AN

i = [pV dd = pAV = AV/v
Waow = PV = mPr

Pley = 2, iy = 2 A,

mgZ

Vi) + mg(Z, — Z,)

E v = Q{- G I}'“. + Z Byl 2 m i,
hmz =h+ %V L gz = tagnation 3 gz

S om; = > m. (in = out)

Oev. t E g = Wey F 2 MMy, (in = out)

q Q, -/ m (steady state only)

w = W, /m (steady state onlv)
g+ hy,=w+h,.  (in=out)
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T z m; - o, m,

E;—E = 0, — W+ E mbh g~ E mnhg,
E.— E. = maluy + -,1;\13 + gZ-) o omyluy + é Vi+ g7)

i,
ht' = Mg enit v crage © 2- (M 1 + it 2)

Second law
’ W )
P =Qp= 08 =g =l"g
Yu O

Wip = On— On B — T Ej;;_j 63;
Wor = On— Ot Brir = 7y

”-m {
3 D NCarmot HIL Ty

O, . Tu
Bup - bl “w = Boanae = Te 1,

i ki
O, T
B Wi S Ty =1,

Q= CAT
[Z<o
{

1
ds = if + dS,) ds. =0

Thiss

Som =3, % + 5.,

1850
(s, — 5.) = J _7-: + 15 e 199
; :

ASM = ‘ismu + -‘LS'- " AS,

mn ;_- 0
W, = [TdS._,
= [PAY = W,

Tds = du+ Pdv
Tds =dh— v dP

& ﬂ:fxd_?, n
$a ™ 8y f}. C’T C’lnL

T
£ j -,I:E dr
: 7. T

)
=85 = s s~ Rln

Py

P
T, P,
55-85=Cplnzz—Rin
2 1 Pl T! P1
T, U,
I N St i
s 85 = Cln 7, Rin b,
k= C/Cra
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- conslant; PI™ = constant
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QUESTION 1 [30]

1.1 Find the missing properties P, T, v, u and x and identify the phases on a P-v [16]
diagram for:

P T v U X
Water 5000 kPa 2999.64 ki/kg
Ammonia 50°C 0.07506 m3/kg
Ammonia 1200 kPa 28°C
R-134a 20°C 350 kJ/kg

1.2 Consider a Carnot-cycle heat pump with R-410a as the working fluid. Heat is rejected from the R-
410a at 40°C, during which process the R-410a changes from saturated vapour to saturated liquid.
The heat is transferred to the R-410a at -5°C.

1.2.1 Show the cycle on a T-s diagram. (2]

1.2.2 List the four basic processes of a Carnot-cycle. [4]

1.2.3 Find the quality of the R-410a at the beginning and end of the isothermal

heat addition process at -5°C. (4]

1.2.4 Determine the efficiency of the cycle. (4]
QUESTION 2 [14]

In a reversible process, nitrogen is compressed in a cylinder from 100 kPa and 20°C to 500kPa.
During this process the relationship between the pressure and the volume PV*?is constant.

2.1 Determine the temperature at state 2 [4]
2.2 Calculate the work done during this process [5]
2.3 Find the heat transfer during this process [5]
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QUESTION 3 [16]

A piston/cylinder arrangement shown below initially contains air at 150 kPa, 400°C,
The setup is allowed to cool to the ambient temperature of 20°C.

3.1 What is the final pressure in the cylinder? [4]
3.2 Is the piston resting on the stops in the fina| state? [2]
3.3 lllustrate the process ona p — v diagram [4]
3.4 What is the specific work done by the air during this process? [6]

QUESTION 4 [10]

A 1-L capsule of water at 700 kPa, 150°C js placed in a larger insulated and otherwise evacuated vesse|,

The capsule bursts and its contents fill the entire volume. If the final pressure should not exceed 125 kPa,
what should the vessel volume be?
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QUESTION 5

[30]

5.1 A simple steam power plant shown in Figure 6.1 runs on a Rankine cycle. List
the four processes in this cycle.

oy

a {
1 4
e by -
E 2 C ) 1 ® Turbine i
i 7T ‘ Rt |
/o T
P 1
e L ——(@)
Leiigel el i
i Y
? [ i)
i Condenser |
i ® Eotheh g
[ L.
T (N S
e
Pump >~ o

Figure 6.1. A simple steam power plant

5.2 A utility runs a Rankine cycle with water exiting the boiler at 3.0 MPa. The
cycle operates at a high temperature of 450°C and a low of 45°C, respectively.

521 |llustrate the process on a T-s diagram. [2]
5.2.2 What is the operating pressure of the condenser? 2]
5.2.3 Determine the specific work and heat transfer in each component. [14]
5.2.4 Find the cycle efficiency. (4]
5.2.5 Find the Carnot efficiency for the cycle. 4]
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Formulas
Control volumes and units

e
A
v=X
m
_m
v
AP = pal]

T[K] = T[°C] -+ 273.15
T[R] = T[F] + 459.67

F = ma
o =4x _dv
ar? dr

= dx

V“dr

Pure substance behaviour
X = My /m
b= myi/m
v={(] - X+ xv,
P—p-T
Pv =RT PV = mRT = uRT
R = 8.3145 ki/kmol K

R = R/ip
Pv = ZRT
P = P L=

Energy transfers
a 2 2 .
W=dex=deV=j Ff"dffzj T db
I I I [
w = Wim ’ ’ '
W=FV=PpPF="Tp
Velocity V = g,
PV" = constant or Py = constant

W= T (P = PV (n )
Vs,
We=PViln== (ifn=1)
& Vl

S 8T
0=kt ¥

k (W/mK)

O =h4d AT

h(Wim? K)

Q=eo (T~ T4) (0 =567 % 10~ Win? K%

0= [ oa=~0,,ar
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Energy equations
EF=U+KE+KE=mu- -,l;m‘sf: —~ mgZ

N Y
Kh—:?-m\i
KE = mgZ
e=1u +%\i2 & gZ

h=u+ Pv
W=yt X = (1 — X)up+ xu,
h=hp+xhp =0~ x)hy+ xh,

_fou\ .~ [k
e (8) - ()

c=C=0C,

Us — Uy — C(T’: - T‘}

o=y =y =y ¥ WP, — P))
h=h+ 0 (P~ Pa)s u =ty
h=u+Pv=u+RT

. du . cdh .

- = — llﬁ%,«‘_

C, dT’CP dT Gt R

Un — Uy = JC*UC[TE C!U{Tg == Ti)

h:}_ E hi = J‘(/‘P (l”[- = CP(T?- - T‘;)

E=0—W

B~ Ey=alds— 1

m(e, — ¢)) = m(uy — uy) T %m(_’\»’% -V + mg(Z,
E=mye, + mgeg+ Meec™ "

Vo= [Vdd=aV

m=[pVdd= pAV = ANy

Wiy = PV = mPU

Mey. = 2 m; 2 m,

By = Ocv — Wey + 2 Mo — > Mg e

B =+ %Vz + g7 = fgpmnion T 82

E m, = p,m, (in=out)

Qc,v, + Y, it = Wey + 2 b, (in= out)
g= Ocv/m  (steady state only)

w= Wey/m (steady state only)
C] + hmri =w + hm( ¢ ({ﬂ = out)
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m, — ny = E ;= 2 m,

E, —E = ,0, - Wy + 2 Mihg ; — 2 X .
E, — E, = my(us + % Vi+ gZ) ~ nay (g + é V3 +gZ)

i
kmt = hlm exit average o "j (hhm el F htm )
Second law
Wae = Qu — Q4 e = IS)H HE )

”!}ﬂ’ Oy — O

Weer = Qpy =~ Qs

Mk = j.liy ~l 7] i ] Ti
HE Q/f = B Cqren HE Ti!

On _ Ty
Bup = "I‘,‘:v”;’ = Bemornp = Tﬂ:i'},“

O
Bui = "!j;-;:“r_f e T, e T
O=CAr

fflgzn{)
1

i
ds =2 4 ds,

T e [!ms.-_-u;n =0

‘S.‘cm. = Z Q)’}—m = -.gr_

|

A0 )
mlsy =~ gy) = -t WS -~

At = Ay + ASpp= AS. =0

W = [Td5,,,
Wy = [Pdv— W,

Tds = du + Py
Tds = dh — v gp

" T
o gy j%ﬁ = _[ C“jr' e

T L i

= - dT
n T

RSt U Sy 3
i 3 i p[

-3

5 P
c = RIn s

170 = Culn g P
i

l

"f‘, U,
Sies = Clnss+ Rl 2
2 i » 1B v,

k= CylC
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constant;

by

P17 = constant

v P 1 ‘Tll ;“{“,

v ",'U',.’ AT

, 1 Py K

e 'i _r} {])__':L: 1-,[)1) = 1= n (Tz T;l
Ua Iy L P

M = Pli); In 'i’;'"l = RT, ln-v: = 1('71 In [)2

?“" = g
SIMPLE FLUID
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