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CALENDAR DESCR PTI ON

APPLI ED THERMODYNAM CS MCH 304

Cour se Nane Cour se Nunber

PH LOSCPHY/ GOALS,

It is the intent of this course to provide the student of thernodynam cs
wi th neani ngful exanples of the application of thernodynamcs principles a
found in borler plant air conditioning, heat transfer and ?as m xi ng. Thi
al so provi des anot her opportunity to inprove the quality of the students
production of well organi zed and professional |ooking solutions.

METHOD CF ASSESSMENT (GRAD NG METHQOD) :

There are four topics to be tested thus four tests worth approximately th
sane. Laboratory assignments will be nmarked and will contribute about 25
to the final grade.

G ades: A 80 - 100%

B 69 - 79%
C 55 - 69%
TEXTBOOK( S) :

Appl i ed Thernodynam cs for Engi neering Technol ogi sts
T. D BEastop and A MConkey, 3rd Eit 1on, Longman.




Page 3
STEAM PLANT

TOPICE 1
The student will be able to:

Ranki ng Cycl e

1. Note that the Carnot cycle is the nost efficient for the coversion of
heat to work,

2. Explain why the Carnot cycle is not a practical cycle especially when
usi ng steam vapour as its working fluid.

3. Draw the Rankine cycle on a T-s diagram and a schematic of the
equi pnent required in this cycle.

4. Explain each process of the Rankine cycle and list the equi pnent
related to that process.

5. Wite the equation for steady flow energy noting which terns can be
consi dered zero.

6. List the steady flow energy equations that apply to the follow ng
equi prent :
a) Turbine
b) Condenser
c) Punp
d) Boiler

7. Wite the formula for Rankine Efficiencies in terns of enthal pies at
various points in the cycle.

8. Wite the equation Wunp = H* - H; = Y(p4_p3)

9. Wite the equations for "isentropic efficiency" of:
a) expansion processes

b) conpression processes in terns of enthalpies
10. Recall the equation for Wrk Ratioo.
11. Define "specific steam Consunption” wite its fornula and prove the
units of kg
kwh

12. Calculate the cycle efficiency, the work ratio and the S.S.C. for a

st eam power plant operating between the boiler pressure of 42 bar an
condenser pressure of 0.035 bar, for:

a) A Carnot cycle using wet steam

b) A Rankine cycle with drysat steamat entry to
t he turbine.

c) The Rankine cycle of (b) when the expansion
process has an isentropic efficiency of 80%

Draw the process on T-s di agrans.

Ranki ne Wth Superheat

13. Recall the neaning of "Superheat".

14. Make a drawing of the equi pnment necessary to provide the Rankine cy
performance of 12 above with that obtained when the steamis
superheated. Neglect the feed punp work. Draw concl usions about t
effect of superheating upon S.S.C. and efficiency.

15. Make a drawing of the equi pnent necessary to provide the Rankine cy
with "superheat". Draw the appropriate T-s di agram
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16. Make a sketch of the Rankine cycle with superheat, show ng the

I sentropi c expansion termnating very near the donme. Explain the
advant age, of such an expansi on.

17. Draw a conceptual entrophy diagram for steam showing famlies of

constant pressure line, constant dryness, constant tenperature and the
critical point.

Dryness Fraction

18. Recall the formulae and procedure for determ ning the dryness fractior
of steamon a main by use of:
a) a throttling calorineter

b) a conbination separating and throttling cal oirneter
St eam Condenser

19. State the function of a steam condenser.
20. List the two major types of steam condensers.

21. Describe and sketch the shell type and the tul se type surface
condenser.

22. Describe and sketch the evaporative condenser.
23. Describe the operating principle of an Air ejector.

24. Describe the operating principle of an"injector” used to feed water
into the boiler.

Reheat Cycl e

25. Explain why "reheating" of the steamis done.

26. Make an equation of the Rankine cycle with reheat on a T-s diagram

27. Wite an equation for efficiency of the Rankine cycle with reheat in
terms of enthal pies.

28. Calculate the new cycle efficiency and S.S.C. if reheat is added to
cycle of 15. The steamconditions at inlet to the turbine are 42 ba
and 500°C and condenser pressure is 0.035 bar. Assune that the stea
IS just drysat on leaving the first turbine and is reheated to its

initial tenperature. Neglect the feed punp work. Draw concl usions
the effect of reheat.

Regenerative Cycles

29. Draw the schematic of the equipnment needed to run a regenerative cy<
and draw the T-s diagram for a Rankine cycle nodified for
regeneration.

30. Calculate the cycle efficiency and the specific steam consunption f
the cycle of (12), nodified to include one feed heater. |If the ste

enters the turbine at 42 bar, drysat and condenser pressure is 0.03
bar .
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31. Sketch the schematic and the T-s diagram of Rankine Cycle with two
"cl osed heaters".

32. Describe how econom zers and preheater coils increase plant
efficiency.
33. Explain the nmeaning of the follow ng terns:
a) Higher calorific value
b) Lower calorific value
c) Boiler capacity
d) Equival ent evaporation
e) Boiler efficiency
34. Explain "Binary vapour cycle".
35. Eri?fly describe the nature and application of the followi ng types o
oi l ers:
a) Radiant type
b) Super contical type
c) Steam generators
d) Electrode type
36. Explain why "heating and process" boilers have higher efficiency tha
"power"” boilers.
37. Define with sketches:
a) Back pressure turbines
b) Pass-out back pressure turbines
c) Back pressure and exhaust turbine
d) M xed pressure turbine

M XTURES
TOPIC £ 2

The student will be able to:

The G bbs-Dalton Law
1. State Daltons law relating partial pressure of gas constituents to
pressure of the m xture.
2. Define the term "partial pressure".
3. List the formul ae rel ating:
a) Total mass to constituent nasses.
b) Total pressure to constituent pressures.
Define "volunetric" and "gravinetric" analysis.
State the analysis of "atnospheric air" by
a) volune
b) mass
6. Determine the partial pressure of each constituent and the total
pressure in a vessel of 0.nB containing 0.45 kg of carbon dioxide a
kg of air both at 15°C. Use atnospheric air.
7. State G bbs-Dalton Law which relates to internal energy, enthalpy a
entrophy of gas m xture.
8. List the fornulae arising out of the G bbs-Dalton Law.

ok
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Vol unetric Analysis of £ Gas M xture

Wite the,formula and the precise neaning of the equation which relates
the volunmes of individual constituents to the volune of a m xture of

Wite the formula which relates noles of constituent gases in a mxture

c) The apparent Ml ecular W to specific Ml ecular W
d) The apparent gas constant to the specific gas constant.

Cal cul ate the gas constant for air, and the apparent nol ecul ar wei ght
if the gravimetric analysis of air is 23.14%oxygen, 75.53% nitrogen,

Wite the equations of ratios relating pressures noles, and vol umes of

Determ ne the volunetric analysis and the partial pressure of each
constituent for a m xture having a gravinetric analysis of 23.14%
oxygen, 75.53%nitrogen, 1.28%argon, and 0.05% carbon di oxi de. Tot al

a) The masses of C02, 02 and A2 and total mass

c) The apparent nol ecul ar weight and the gas constant for the mxture
For a m xture of 1 nole CO2 and 3.5 noles of air contained in a vesse

Calculate the mass of )2 required and the volune of the vessel needed
based upon 1 kg of H2, such that the ratio of hydrogen to oxygen is 2
to 1 by volunme. Pressure and tenperatures are 1 bar and 15 C

Cal cul ate based upon a nole of m xture, the mass of mxture to be
removed and the mass of Carbon Monoxide to be added so that the fina
m xture of 50% hydrogen and 50% COw Il result froman initial m xtur
of 80% H2 and 20% CO. Assune that pressure and tenperature in the

From the G bbs-Dalton law relating internal energies of constituents
and m xtures, develop the relationship for the specific heat of

10.
gases.
11.
to nol es of m xture.
12. Wite the equations relating:
a) noles to kilograns
b) Po to R
13.
1.28% argon and 0.05% Car bon D oxi de.
14.
m xtures and constituents.
15.
pressure is 1 bar.
16. For the mi xture, calcul ate:
b) The percentage of carbon by nass
17.
at 1 bar and 15°C. Assune atnospheric air.
respectively.
18.
vessel renmain constant always.
Specific Heats of a_ Gas M xture
19.
constituents and m xtures.
20.

List the simlar equation relating:

a) Op
b) R
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21. Calculate the work done and the heat flow per kg of gasy when a gas i
an engine cylinder, having a volunetric analysis of 12% C02, 11.5% 02
and a 76.5% N2 expands reversibly from 1000°C through a volune ratio

7 to 1 according to the potytropic law, pv 1.25=C. Use the followng
val ues of cp:

Co02 - 1.235
02 - 1.088
N2 - 1.172

22. Calculate the change of entropy per kg of mxture for #31. Draw the
T-s diagram for the change.

Mol ar Heats of Constituents and M xtures

23. Wite the equations for nolar heats of constituents and noi stures.
24. Wite the equation relating nolar heats to specific heats*
25, Calculate the nolar heats and specific heats of m xtures of the

in a "producer gas" which has the follow ng analysis by volune. 29%
12% H2, 3% Ch4, 4% C02; 52% N2.

Adi abatic M xing of Perfect Gases

26. Wite the fornulae relating the tenperature of a mxture to the
tenperatures of the constituents for
a) non-flow processes
b) steady flow processes
27. Calculate the final tenperature and pressure of the m xture and the
change of entrophy of the m xing systemwhen a vessel of 1.5 M3
contai ni ng oxygen at 7 bar and 40 C is connected to another vessel o
3MB contai ning carbon nonoxide at 1 bar and 15 C. The connecting |i
valve is opened allow ng adiabatic m xing.

Gas and Vapour M xtures

28. Recall that the G bbs-Dalton |law states that each constiuent behaves
it alone occupied the whole vessel at the tenperature of the vessel.

29. Explain what happens to liquid if various quantities of it are
i ntroduced into an evacuated vessel, until the vapour so formed fin<
assunes the pressure corrresponding to its saturation pressure.

30. Calculate the mass of water to be injected into a vessel so that th«
vessel is just filled with saturation vapour the vessel of 0.3n8
contains air at 0.7 bar and 75.E. This tenperature is naintained a
water is injected into it,

31. Determne the final pressure of vessel of a 3nB filled with air at
bar and 75°C after 0.7 kg of water is injected into it. The
tenperature is maintained at 75°C during injection.

32. Calculate the tenperatures to which a gas m xture of C02 8% H20 1-
02 5.5% and N2 71.5% nmust be cooled at constant pressure for
condensation of the H20 just to commence.
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PSYCHOVETRY

TOPIC £ 2

The student wi|l be able to:

1. Define "psychonetry",

2. Note that al |ow vapour pressures, (below one atnosphere) the vapour
can be considered to act as a perfect gas, and the properties of the
m xture obey the G bbs-Dalton |aw.

3. List the follow ng fornul as:

a) the relationship between total pressure, partia
pressure of dry air and partial pressure of super-
heat ed vapour

b) the relationship defining specific humdity

c) the relationship defining relative humdity

d) the relationship defining perant saturations

4. Define "dew point" of a pschonmetric mxture and specific humdity.

5. Determne the dew point of air in a roomat 17°C having a relative
hum dity of 60% Baronetric pressure is 1.01325 bar

6. Ar at 17°C and = 60% is passed at a rate of 0.5 nB/5 over a cooling
coil which is at a tenperature of 6°C. Calculate the anount of vapoi
which will be condensed if the air leaving the coil is saturated
Baronmetric pressure is 1,01325 bar.

Measurenment of Relative Humdity

7. Make a sketch of a psychonetric chart l|abelling every famly of I|ine

8. Explain what happens to the liquid levels of the two thernoneters of
sling psychoneter when a streamof dry air passes over the dry bulb
wet w ck.

9. Denonstrate the use of the sling psychoneter and the psychonetric ch
how the relative humdity, percent saturated dew point tenperature a
specific humdity are determ ned.

10. Define "air conditioning"e

11. Denonstrate the process for air conditioning "sunmer"” air on a T-s
di agram and on a psychonetric chart.

12. Draw a line diagramof a typical air conditioning plant show ng
circulating fan, elimnator, heater, washer, refrigerator, pilers, <
prelimnary heaters.

13. List the fan work equation in terns of mass flow of air and vapour
tenmperature

14. Calculate the condition at which the air nust |eave the heater, jus
before the fan work addition. Fan input is 1.125kw pressure is 1.0
bar, and air delivered after fan input is at a flowrate of 0.5 m3/
17 C dry bulb relative humdity of 60%

15. Continuing with the data of 14, determne the tenperature required
the cooler and the heat input to the heater.

16. Continuing, determne the condition after mxing (before cooling)
vol unmes of recirculating air at 25°C and 50% R H and 1 volune of f
air at 29°C and 40% R H.

17. Repeat 14, 15, and 16 using a pschonetric chart.
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18. Explain the construction and operation of a cooling tower, and draw a
schematic of one.

19. Calculate,the final water tenperatures and the amount of cooling water
make up required for a small cooling tower designed to cool 55 litres
of water each second, the inlet tenperature of which is 44 C. The
notor driven fan induces 9n8/5 of air through the tower and the power
absorbed is 4.75 kw. The air enters the tower at 18 C and 60% R H.
and | eaves saturated at 26°C. Atnospheric pressure is 1.013 bar.

HEAT TRANSFER

TOPIC £ A

The student will be able to:

1. List and explain the three nmechani sns by which heat is transferred.

Fourier's Law of Conducti on

2. State Fouriers law if the rated flow of heat and |ist the appropriate
fornul ae.

3. Calculate the rate of heat transfer per n2 of surface area of wall, 2
mm t hick of planebrick, the outer surface of which is 20 C and the
inner surface at 40 C. The thermal conductivity of the brick is 0.52
w nk.

Newt on's Law of Cooling

4. State Newtons law of cooling and wite the equation describing it.

5. Wite the equation for /v where V is the overall heat transfer for
co-efficient, using the heat transfer co-efficient, as it arises out
?bmton law, and K the thermal conductivity as it arises of Fouriers

aw.

6. Wite the equation relating the per-unit heat transfer to the overal
heat transfer co-efficient and T.

7. Calculate the rate of heat |oss per M of tank surface area for a m
steel tank of wall thickness 10 mm and containing water at 90 C. 1
at nospheric tenperature is 15°C Wnk and the heat transfer per
co-efficients for the inside and outside surface of the tank.

The Conposite Wl |

8. Define the term "thernmal resistance" in terns of the heat transfer
co-efficient.
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Determine the rate of which heat is transferred through a furnace wall
consi sting of 125 mmof refractory brick 12.5 m of insulating
firebrick.separated by an air gap. The outside wall is covered with 12
mm of plaster. The inner surface of the wall is 1100 C and room
tenperature is 25°C. The heat transfer co-efficient fromthe outside
wal | surface to the air in the roomis 17 WnRk and resi stance

to heat flow of the air gap is 0.16 k/w. The thermal conductivity of

the brick, insulating firebrick and plaster are 1.6, 0.3, and 0.14 w nk
respectively.

10.
11.

Fl ow Through a_ Cylinder and a_ Sphere

Wite the formula and explain all the terns in the forrmula relating
heat loss to change in tenperatures.

Cal cul ate the rate at which heat is lost by steamper unit |ength of

pi pes for a steel pipe of 100 nmbore, 7 mmwall thickness carrying
steam of 260 C and having insulation of 40 mmof a noul ded high
tenperature di atomaceous earth covering, which is in turn covered by 6
mm of asbestos felt. Atnospheric tenperature is 15 C- The heat
transfer co-efficients for inside and outside surfaces are 550

and 15 WnRk respectively and the thermal conductivity of steel,

di at omaceous earth and asbestos felt are 50,000 and 0.07 w nk

respectively. Also calculate the tenperature on the outside of the fe
i nsul ati on.

The Space

12.
13.

Heat

Wite the formula for heat transfer through a spherical tank and
explain each term

Calcul ate the heat loss froma small hem spherical oven having an inn
radius of 0.6 m and build of an inner |ayer of insulating firebrick
125 mm thick and an outer covering of 85% magnesia 40 mmthick. The
inner surface of the oven is 800°C and the heat transfer co-efficient
for the outside surface is 10WnRk. The roomtenperature is 20.C. T

thermal conductivities of firebrick and 85% nagnesia are, 31 and 0.05
w nk respectively.

Exchanger

14.
15.

16

Define the terns "recuperator” and "regenerator".

Make sketches of parellel flow and counter flow recuperators and drav
tenperatures |ength di agrans.

Wite the equations for counter flow heat transfer and for parallel
flow, and list the meaning of the various variables in that equation
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State the effect the equations above when one of the fluids is a wet
vapour or a boiling Iiquid.

Cal cul ate, the surface for both paral el flow and counter flow required
when cooling water flow is 0.04 kg/s past exhaust gases flow ng throug
a tubul ar heat exchanger at the rate of 0.3 kg/s are cooled from 400°C
to 120°C by water initially at 10°C. The specific heat of the exhaust
gases and water may be taken as 1-3 nd 4.19 kj/kgK respectively and
the overall heat transfer co-efficieit fromgases to water is 140W nk,



