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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 alloy, Use a Young’s modulus – Density (E-ρ) 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-ρ) chart to identify materials with both a modulus E > 50 GPa and a density ρ < 2000 kg/m3.

c. Use a Young’s Modulus-Density (E-ρ) 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-ρ chart to identify metals with both E > 100 GPa and E/ρ > 0.02 GPa/(kg/m3).

e. E5.5 Use a E-ρ chart to identify materials with both E > 100 GPa and 

E / ρ 1/ 3 > 0.003 (GPa) 1/3 /(kg/m3). Remember that, on taking logs, the index M E / ρ = 1/ 3 becomes Log ( E ) = 3 Log (ρ )+ 3 Log (M ) and that this plots as a line of slope 3 on the chart, passing through the point E = 27 when ρ = 1000 in the units on the chart.


Thermodynamics Part (50 marks)
			

QUESTION ONE (25 marks): Closed System

A cylinder contains 0.45 m3 of oxygen at 2 105 N/m2 and 90C. The gas is compressed to a volume of 0.3 m3, the final pressure being 5.5 bar. Knowing that the process is polytropic, determine,
a. The mass of the gas.	[3]
b. [bookmark: _GoBack]If the process is Isobaric, Isothermal, Isometric or Isentropic.	[7]
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,

where  and  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,




When , , and the process is a constant pressure process or an Isobaric process.
When , , and the process is a constant temperature process or an Isothermal process.
When , the process is called an Isometric process.
When , the process is called an Isentropic process.
The total boundary work done during the entire process is,

For the special case of  the boundary work becomes,

Also  can be replaced by  for this case since .




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 250C as superheated water and leaves as saturated liquid water at the same pressure. Feedwater enters the heater at 45C and a quality of 22% and leaves 10C below the exit temperature of the steam with a quality of 18% and a mass flow rate of 2.5×105 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.

c. The mass flow rates of the extracted steam .

Schematic:P1 = 8 bar
T1 = 250C
Superheated water




[image: ]T4 = T2  10C
x = 0.18


Qi
T3 = 45C
x = 0.22


4.5% Qi

P2 = P1
Sat. liquid water



Assumptions:
· Steady-flow process.
· Kinetic and potential energy changes are negligible.
· 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:

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:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.

Faculty Ref:			Page 1 of 4
Page 4 of 4
image1.png
Do | AR ZeBEEOX|®®[(w/s| @@ [w]] | HB|e 2| Tools | Fill&Sign | Comment
i energy changes are negligible. 3 Heat loss from the device to the surroundings is negligible and thus heat i
¥ transfer from the hot fluid is equal to the heat transfer to the cold fluid.

Properties The properties of steam and feedwater are (Tables A-4 through A-6)

P, =1MPa | h; =28283kJ/kg

H S0 -

b R teer  Dsin Lo References  Maiings View : Amaud Marotin 9 Share

() TimesNewfo-[12 -/ A A | A2~ A 2L | aaBbcer| AaBbcel AaBbC AQD assbecr daBbCel daBbCel Aamrcel AaBbCa ;:{:::m T} =200°C | 5, =6.6956 kl/kg-K Steam 1M0Pa

P e BT U mx x A-¥oA- - | oo | TNoSpac. Hesdngl  Te  subile SubleEm. s nemseE.  Stons || gogs from 200°C

s e e e e ol cowg | P, —1MPa By = h s vea 271221511(;11/1(21( turbine Feedwater
- S$, =8 =<.13 N

K sat. liquid 2 J@ MPa ¢ - @
K T, =179.88°C 2.5 MPa

4. Question Four: Thermodynamics, Open system 50°C
In large steam power plants, the feedwaiss is frequently heated in closed fesdwatsr
heaters, which arg basisally; heat exchangers, by steam extracted from the turbine at
some stage. Steam enters the feedwater heater at 10 bar and 200°C and leaves as
saturated liquid at the same pressure. Essdwatst enters the heater at 2.5 MPa and 50°C
and leaves 10°C below the exit temperature of the steam. Determine,

Py =2.5MPa hy = hf@s(rC =209.34 kl/kg
T; =50°C 53 =5 sgs0c =0.7038 kl/kg-K

(») -

) The ratio of the mass flow rates of the extracted steam and the feedwater heater. — h,=h .. =719.08 kl/k
b) The heat losses from the outer surfaces of the heater Py =2.5MPa 4 f@170°C g
Ty =T, —10°C=170°C | S4 =5 rg170:¢ =2.0417 kl/kg-K
Schematic: . . .
Analysis (a) We take the heat exchanger as the system, which is @
a control volume. The mass and energy balances for this steady- L
flow system can be expressed in the rate form as follows: sat. liquid
Divedd/End - .
£ Mass balance (for each fluid stream): E
; . . A 20 (steady) _ S S N — 1. — W
: My = Moyt *Amsys!em =0—> My = Moy = My =My =1 and my =my *mﬁf
] Energy balance (for the heat exchanger):
B - n _ " 20 (steady) _ r T
A Eiu - Eom - AEsyslem =0 > EiJ - Eom
p — —_—
] Rate of net energy transfer  Rate of change in internal. kinetic.
= by heat, work. and mass potential. etc. energies
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