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Materials Part (50 marks)

Using CES EDUPACK material selection charts, produce a chart of Young’s Modulus against density
and analyse the information on the chart to select materials with the given profile. This involves first
creating the chart, then applying the appropriate box or line selection and reading off the materials that
lie on the appropriate side of the line. It is a good idea to present the results as a table. You can copy this
table from the CES EduPack. The software offers links to processes, allows a wider search by using the

Level 3 database, and gives access to supporting information

a. A component is at present made from a brass, a copper atloy, Use a Young’s modulus —~ Density
(E-p) chart to suggest three other metals that, in the same shape, would be stiffer. “Stiffer’” means

a higher value of Young's modulus.

b. Use a Young’s modulus - Density (E-p) chart to identify materials with both a modulus E > 50
GPa and a density p < 2000 kg/m>.

c¢. Use a Young’s Modulus-Density (E-p) chart to find (i) metals that are stiffer and less dense than

steels and (ii) materials (not just metals) that are both stiffer and less dense than steel.

d. Use a E-p chart to identify metals with both E > 100 GPa and E/p > 0.02 GPa/(kg/m3).

e. ES5.5 Use a E-p chart to identify materials with both E > 100 GPa and

E/p 1/3>0.003 (GPa) 1/3 /(kg/m’). Remember that, on taking logs, the index M E / p=1/3
becomes Log (E ) = 3 Log (p }+ 3 Log (M ) and that this plots as a line of slope 3 on the chart,
passing through the point E = 27 when p = 1000 in the units on the chart.
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THE FOLLOWING 6 PAGES CONTAIN
GRAPHS RELATING TO THE 6 QUESTIONS
(a,b,c.i,c.ii,d & e) POSED IN THE
ASSIGNMENT. ON THE LEFT OF EACH
GRAPH IS A LIST OF THE MATERIALS THAT
MEET THE GIVEN CRITERIA.
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Thermodynamics Part (50 marks)

QUESTION ONE (25 marks): Closed System

A cylinder contains 0.45 m of oxygen at 2 x10° N/m? and 90°C. The gas is compressed to a volume of

0.3 m’, the final pressure being 5.5 bar. Knowing that the process is polytropic, determine,

a. The mass of the gas. [3]
b. Ifthe process is Isobaric, Isothermal, Isometric or Isentropic. (71
c. The increase in internal energy of the gas. [10]
d. The heat received or rejected by the gas during compression. (5]

Assumptions:

Oxygen can be considered as an ideal gas.

Polytropic Process of Gases:

The relationship between the pressure and volume during compression or expansion of gases are
often related by,
P-V*=(
where n and C are constants.
A thermodynamic process described by the above equation is called a Polytropic process.
For a Polytropic process between two states 1 and 2 we have,

PI'V{"'—"PE'VZT.':C

Whenn = 0, P = C, and the process is a constant pressure process or an Isobarie process.
Whenn = 1, PV = C, and the process is a constant temperature process or an Isothermal process.
When n — oo, the process is called an Isometric process.

When n = k, the process is calted an Isentropic process.

The total boundary work done during the entire process is,

2
P,-V,— PV,
Wb=deV= s
1-n
1
For the special case of n = 1 the boundary work becomes,
2
V. V.
W, =fpdV:Pl-vl-ln(—z-)=Pz-Vz-1n(—2)
Vi Vi

1
Also V2/V; can be replaced by P, /P, for this case since P, + V; = P, - V,.
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|

Vi =0 GSm?
P, :Ixi0°Nm =200kVa
T, =90°¢ - 363 K.

FIVAL

ConvigrTiol\/ .

Ve =0-3m’
P2 S SGwr: STOMY
T2 = phapnn.




@

WG THE 1060 GAI Flavid,

PV =R.T

WHE P = 700hFa
Y = o-wm’/g
R = 01598 K7y

T =7363K

| zaox%‘é < 0-2598 x 363

200x0-4S =m (0259 x343)

_200x0-4S
M =i TEx 363

M = 0+‘?§¢y.




THE PROCESS IS ISENTROPIC
AS THERE IS NO HEAT OR
MATTER TRANSFER ACROSS
THE BOUNDARY OF THE
SYSTEM



@ FZVZ. :RLﬂ

WHENE -
pz. = ffo Mﬂ
Ve <0-3/0-95¢ = 0-31%
ﬂz, =0ZJ‘qy
T2 = Unbaan.
_ JTOx0-3Y
R«
0-7547
= 46416 K

ot = 391°C.

oM THIS W€ AV €
THE WatiRIE n  WTERWAL
AU = Cyﬂ T
=0~6fix(3‘?/'7-‘7d)
= 19557 4T

A V= (VAT Ta
Véniy,
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TO (ACURTE THE HEAT RECEED JETCTZD 9y
THE (A WE @l e

AUV =Q-W
WHELE -

AV =985
& = Unknown

- (59x03) (20x0- %)
; S7 395

=={79-7.

Q = 19757 +(-1§9°77)
= 45 KT ReCvep,



QUESTION TWO (25 marks): Steady-Flow Open System

In large steam power plants, the feedwater is frequently heated in closed feedwater heaters, which are
basically heat exchangers, by steam extracted from the turbine at some stage. Steam enters the feedwater
heater at 8 bar and 250°C as superheated water and leaves as saturated liquid water at the same pressure.
Feedwater enters the heater at 45°C and a quality of 22% and leaves 10°C below the exit temperature of
the steam with a quality of 18% and a mass flow rate of 2.5x10% g/min. If the heat losses from the outer
surfaces of the heater are 4.5% of the heat given up by the steam, determine,

a. The temperature at the feedwater outlet 2.
b. The heat transfer rate from the steam to the feedwater.
¢. The mass flow rates of the extracted steam 7.
Schematic:
Py =8 bar

Ty =250°C
Superheated water

Steam + 4.5% Q.

from
turbine Feedwater
T3 =45°

x=0,22

Ta=Ty-10°C
x=018 O
i, = 2.5 X 10% g/min

'
®

P2=P
Sat. liquid water

Assumptions:
o Steady-flow process.
¢ Kinetic and potential energy changes are negligible.
e There are no work interactions.
» The properties of steam and feedwater can be found in Tables A-4 through A-6.
¢ In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and

is expressed as:

Myapour
X =

Myptal
Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no

meaning in the compressed liquid or superheated vapour regions. In the saturated mixture
region, the average value of any intensive property y is determined from:

Y=yr+x.¥,
where f'stands for saturated liquid, g for saturated vapour and y stands for v, u or A.
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TO SOLVE THE
PROBLEM, 3 SEPARATE
SYSTEMS NEED TO BE

CONSIDERED
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ENTHALPS  VALVES  0BTANEYD
FIfoM TSI,

e zcrm/zf/@/
b, = 712087 /J/%
= ho+(0-224,)

174+ (022 x2794.0)
=5z /zf/y,

A

Tl

Aq "/l; ""(O'MAyJ
267547 + (0-18 x 2081-0)
105023 K/l



USING TABLE (A5),
T2=<170 DEGREES C,
THEREFORE
T4=160 DEGREES C



TO CALCULATE THE HEAT
TRANSFER FROM THE STEAM
TO THE FEEDWATER, THE
TANK SYSTEM WAS USED



TAVK  JYSTEM  EVERGY  BALANVEL

Qi - 0-065G; = prhe —rinhs
AT ity <. -
Q-0-065Qi <m. (h %;)
= 4l x (1050-23 -672-924)
09556; = 1528
4 1528 /0955
G: = K00 A7 hy



THE Qi VALUE CAN THEN BE
USED TO DETERMINE BOTH
m1 AND m2



ENERLY  BALAME

~Qi = mhe-mih,
i, (he-h)
~1600 =, (72047 2950-4)
M. x (-1229-53)

” . ~1600
' _7219-S7

1= 0717 hy/s
" Mg 0'717/y«/f



SUMMARY

e THE TEMPERATURE AT THE FEEDWATER OUTLET 2 IS
160 DEGREES C.

e THE HEAT TRANSFER RATE FROM STEAM TO
FEEDWATER IS 1600kJ/KG

e THE MASS FLOW RATES OF THE EXTRACTED STEAM
ARE:-

m1 AND m2 = 0.717KG/S

m3 AND m4 = 4.16KG/S



