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PHI LOSOPHY/ GOALS:

It is the intent of this course to provide the student of thernodynam cs

wi th meaningful! exanples of the application of thermdynamcs principles as
found in boiler plant air conditioning, heat transfer and gas mixing. This
al so provides another opportunity to inprove the quality of the students
production of well organized and professional |ooking solutions.

METHOD OF ASSESSMENT ( GRADI NG MEHTOD) :

There are four topics to be tested thus four tests worth approximtely the
sanme. Laboratory assignments will be marked and will contribute about 25%
to the final grade.

Gr ades: A 80 - 100%
B 69 - 79%
C 55 69%
TEXTBOOK(S) :

Appl i ed Thermodynam cs for Engineering Technol ogi sts
T.D. Eastop and A. MConkey, 3rd Edition, Longman.




STEAM PLANT

TOPIC # 1

The student will be able to:

Ranki

ne Cycle

1.

Note that the Carnot cycle is the nost efficient for the conversion of
heat to work.

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

3. Draw the Rankine cycle on a T-S diagram and s schematic of the
equi pment 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 pnent :

a) Turbine
b) Condenser
c) Punp

d) Boiler

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

8. Wite the equation Wunp = V(pg-ps) is valid

9. Wite the equations for "isentropic efficiency" of;

a) expansion processes
b) conpression processes in terms of enthalpies

10. Recall the equation for Wrk Ratio.

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 SSS.C.  for a
steam power plant operating between the boiler pressure of 42 bar and
condenser pressure of 0.035 bar, for;

a) A carnot cycle using wet steam

b) A Rankine cycle with drysat steam at entry to
the turbine.

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

Draw the process on TS diagrarns.

Rankine Wth Superheat

13. Recall the neaning of "Superheat".

14. Make a drawing of the equipment necessary to provide the Rankine cycle
performance of 12 above with that obtained when the steamis
superheated. Neglect the feed punp work. Draw conclusions about the
effect of superheating upon s.s.c. and efficiency.

15. Make a drawing of the equi pment necessary to provide the Rankine cycle

with "superheat". Draw the appropriate T-S diagram



16. Make a sketch of the Rankine cycle with superheat, showing the
isentropic expansion termnating very near the dome. Explain the
advantage of such an expansion

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

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

Dryness reaction

18. Recall the formulae and procedure for determning the dryness fraction
of steamon a main by use of;
a) a throttling caloirneter
b) a combination separting and throttling
calorineter

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 tulse 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 a boiler.

Reheat Cycle

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 the
cycle of 15. The steam conditions at inlet to the turbine are 42 bar
and 500°C and condenser pressure is 0.035 bar. Assume that the steam
IS just drysat on leaving the first turbine and is reheated to its
initial tenperature. Neglect the feed punp work. Draw conclusions upon
the effect of reheat.

Regenerative Cycles

29. Draw the schematic of the equi pnent needed to run a regenerative cycle
and draw the T-S diagram for a rankine cycle nodified for
regeneration

30. Calculate the cycle efficiency and the specific steam consunption for
the cycle of (12), nodified to include one feed heater. [If the steam
enters the turbine at 42 bar, drysat and condenser pressure is 0.035
bar .



31.

32.

33.

34.
35.

36.

37.

Sketch the schematic and the T-S diagram of Rankine Cycle with two
"cl osed heaters"”.

Descri be how econom zers and preheater coils increase plant

ef ficiency.

Expl ain the neaning of the follow ng terns:

a) Higher calorific Value

b) Lower calorific value

c) Boiler capacity

d) Equival ent Evaporation

e) Boiler Efficiency

Explain "Bmany vapour cycle".

Briefly describe the nature and application of the follow ng types of
boi l ers:

a) Radiant type

b) Super Contical type

c) Steam Generators

d) Electrode type

Explain why "heating and process" boilers have higher efficiency than
"power" boilers.

Define with sketches;

a) Back pressure turbines

b) Pass-out back pressure turbines

c) Back pressure and exhaust turbine

d) Mixed pressure turbine

MIXTURES

TOPIC # 2

The student will be able to:

The Gibbs-Dalton Law:

1.

2.
3.

o s

State Daltons law relating pertial pressure of gas constituents to
pressure of the mixture.
Define the term "partial pressure.”
List the formulae relating;
a) Total mass to constituent masses.
b) Total pressure to constiuent pressures.
Define "volumetric" and "gravimetric " analysis.
State the analysis of "atmospheric air" by
a) volume
b) air
Determine the partial pressure of each constiuent and the total
pressure in a vessel of 0.m3 containing 0.45 kg of carbon dioxide and 1
kg of air both at 15°C. Use atmospheric air.
State Gibbs-Dalton Law which relates to internal energy, enthalpy and
entrophy of gas mixture.
List the formulae arising out of the Gibbs-Dalton Law.



Vol unetric analysis of a gas mixture

10. Wite the formula and the precise nmeaning of the equation which relates
the volunmes of individual constiuents to the volume of a mxture of
gases.

11. Wite the formula which relates noles of constiuent gases in a nmixture
to moles of mxture.

12. Wite the equations relating

a) noles to kil ograns

b) PotoR

c) The apparent Molecular Wt to specific Wt

d) The apparent gas constant to the specific gas
constant.

13. Calculate the gas constant for air, and the apparent molecular weight
if the gravimetric analysis of air is 23.14% oxygen, 75.53% nitrogen,
1.28% argon and 0.05% Carbon Dioxide.

14. Write the equations of ratios relating pressures moles, and volumes of
mixtures and constituents.

15. Determine the volumetric analysis and the partial pressure of each
constituent for a mixture having a gravimetric analysis of 23.14%
oxygen, 75.53 nitrogen, 1.28% argon, and 0.05% carbon dioxide. Total
pressure is 1 bar.

16. For the mixture, calculate;

a) The masses of Co2, 02 and A2 and total mass
b) The percentage of carbon by mass
c) The apparent molecular weight and the gas
constant for the mixtures.
For a mixture of 1 mole CO2 and 3.5 moles of air contained in a vessel
at 1 bar and 15°C. Assume atmospheric air.

17. Calculate the mass of 02 required and the volume of the vessel needed
based upon 1 kg of H2, such that the ratio of hydrogen to oxygen is 2
to 1 by volume. Pressure and temperatures are 1 bar and 15°C
respectively.

18. Calculate based upon a mole of mixture, the mass of mixture to be
removed and the mass of Carbon Monoxide to be added so that the final
mixture of 50% hydrogen and 50% CO will result from an initial mixture
of 80% H2 and 20% CO. Assume that pressure and temperature in the
vessel remain constant always.

Specific heats of a gas mixture

19. From the Gibbs-Dalton law relating internal energies of constituents
and mixtures, develop the relationship for the specific heat of
constituents and mixtures.

20. List the similar equation relating

a) O
b) R



21.

22.

Calculate the wak done and the heat flow per kg of gas, when a gas in
an engine cylinder, having a volumetric analysis of 126 C02, 11.5% 02
and a 76.5% N2 expands reversiby from 1000°C through a volume ratio of
7 to 1 according to the potytropic law, pv 1.25=C, Use the following
values of cp

QR - 1235
02 - 1.088
N2 - 1172

Calculate the change of entropy per kg of mixture for #31. Drav the
T-S diagram for the change.

Molar heats of Constiuents and Mixtures

23.

24.
25.

Write the equations for molar heats of constituents and moistures.

Write the equation relating molar heats to specific heats.

Calculate the molar heats and specific heats of mixtures of the gases
in a "producer gas' which has the following analysis by volume. 2%
CO, 126 H2, 30 Ch4, &6 C02, 5% N2

Adiabatic mixing of perfect gases

26.

27.

Write the formulae relating the temperature of a mixture to the
temperatures of the constiuents for

a) nonflow processes

_ b) steady flow processes _
Calculate the final temperature and pressure of the mixture and the
change of entrophy of the mixing sysem when a vessel of 1.5 M3
containing oxygen at 7 bar and 40°C is connected to another vessel of
V3 containing carbon monoxide at 1 bar and 15°C The connecting line
valve is opened allowing adiabatic mixing.

Gas and Vapour mixtures

28.
29.

30.

31.

32.

Recall that the Gibbs-Dalton law states that each constiuent behaves as
it alone occupied the whole vessel at the temperature of the vessel.
Explain what happens to liquid if various quantities of it are
introduced into an evacuated vessel, until the vapour so formed finally
assumes the pressure corresponding to its saturation pressure.
Calculate the mass of water to be injected into a vessel so that the
vessel is just filled with saturation vapour the vessel of 03m3
contains air at 0.7 bar and 75.E. This temperature is maintained as
water is injected into it.

Determine the final pressure of vessel of a 33 filled with air at 0.7
bar and 75°C after 0,7 kg of water is injected into it. The
temperature is maintained at 75°C during injection.

Calculate the temperatures to which a gas mixture of QR 84 HXD 15%,
02 55% and N2 71.5% must be cooled a constant pressures for
condensation of the H2 just to commence



PSYCHOMETRY

TOPIC #3

The student will be able to;

1. Define "psychometry".

2. Note that at low vapour pressures, (below one atmosphere) the vapour
can be considered to act as a perfect gas, and the properties of the
mixture obey the Gibbs-Dalton law.

3. List the following formulas;

a) the relationship between total pressure,
partial pressure of dry air and partial
pressure fo superheated vapour.

b) the relationship defining specific humidity

c) the relationship defining relative humidity

d) the relationship defining perant saturations

4. Define "dew point" of a pschometric mixture and specific humidity.

5. Determine the dew point of air in a room at 17°C having a relative
humidity of 60%. Barometric pressure is 1.01325 bar.

6. Air at 17°C and = 60% is passed at a rate of 0.5 m3/5 over a cooling

coil which is at a temperature of 6°C Calculate the amount of vapour
which will be condensed if the air leaving the coil is saturated.
Barometric pressure is 1.01325 bar.

Measurement of relative humidity

10.
11.

12.

13.

14.

15.

16.

17.

Make a sketch of a psychometric chart labelling every family of lines.
Explain what happens to the liquid levels of the two thermometers of a
sling psychometer when a stream of dry air passes over the dry bulb and
wet wick.

Demonstrate the use of the sling psychometer and the psychometric chart
how the relative humidity, percent saturated dew point temperature and
specific humidity are determined.

Define "air conditioning".

Demonstrate the process for air conditioning "summer" air on a T-S
diagram and on a psychometric chart.

Draw a line diagram of a typical air conditioning plant showing
circulating fan, eliminator, heater, washer, refrigerator, pilers and
preliminary heators.

List the fan work equation in terms of mass flow of air and vapour and
temperature.

Calculate the condition at which the air must leave the heater, just
before the fan work addition. Fan input is 1.125 kw pressure is 1.013
bar, and air delivered after fan input is at a flow rate of 0.5 m3/5,
17°C dry bulb relative humidity of 60%.

Continuing with the data of 14, determine the temperature required at
the cooler and the heat input to he heater.

Continuing, determine the condition after mixing (before Cooling)
volumes of recirculating air at 25°C and 5% R.H. and 1 volume of fresh
air at 29°C and 4% R.H.

Repeat 14, 15 and 16 using a pschometric chart.



Explain the constuction and operation of a cooling tower, and draw a
schematic of one.

Calculate the final water tenmperatures and the anmount of cooling water
make up required for a small cooling tower designed to cool 5.5 litres
of water each second, the inlet tenperature of which is 44°C. The
motor driven fan induces 9nB/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 # 4

The student will be able to:

1.

List and explain the three mechanisms by which heat is transferred.

Fouriers law of conduction

2.
3.

State Fouriers law if the rated flow of heat and list the appropriate
formulae.

Calculate the rate of heat transfer per m2 of surface area of wall, 250
ran thick 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
wimk

Newton's law of cooling

State the Newtons law of cooling and write the equation describing it.
Write the equation for 1/ where V is the overall heat transfer for
eo-efficient, using the heat transfer co-efficient, as it arises out of

. Hewton law, and K the thermal conductivity as it arises of Fouriers

law.

Write the equation relating the per-unit heat transfer to the overall
heat transfer co-efficient and T.

Calculate the rate of heat loss per M2 of tank surface area for a mild
steel tank of wall thickness 10 mm, and containing water at 90°C The
atmospheric temperature is 15°C Whk and the heat transfer per
co-efficients for the inside and outside surface of the tank.

The Composit Wall

8.

Define the term "thermal resistance" in terms of the heat transfer
co-efficient.



Heat

Determine the rate of which heat is transferred through a furnace wall
consisting of 125 mm of refractory brick 12.5 m of insulating
firebrick separated by an air gap. The outside wall is covered with 12
nm of plaster. The inner surface of the wall is 1100°C and room
tenperature is 25°C The heat transfer co-efficient from the outside
wal | surface to the air in the roomis 17 WnRk and resistance

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.

flow through a cylinder and a sphere

10.
11.

Wite the formula and explain all the terns in the formula relating
heat |oss to change in tenperatures.

Calculate the rate at which heat us lost by steam per unit length of
pipe, for a steel pipe of 100mm bore, 7 mmwall thickness carrying
steam of 260°C and having insulation of 40 mm of a noul ded high
tenperature diatonaceous earth covering, which is in turn covered by 60
mm of ashestos felt. Atnospheric tenperature is 15°C The heat
transfer coefficients for inside and outside surfaces are 550

and 15 WnRk respectively and the thermal conductivity of steel

di at omaceous earth and ashestos felt are 50,000 and 0.07 w nk
respectivly. Aso calculate the tenperature on the outside of the felt
i nsul ation.

The space

12.
13.

Heat

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

Calculate the heat loss froma small hem spherical oven having an inner
radius of 0.6 m and built of an inner layer of insulating firebrick
125 mm thick and an outer covering od 85% magnesia 40 mm thick. The
inner surface of the oven is 800°C and the heat transfer co-efficient
for the outside surface is 10WnRk. the room tenperature is 20.C. The
thermal conductivities of firebrick and 85% magnesia are, 31 and 0.05
w nk respectively.

Exchange

14.
15.

16.

Define the ternms "recuperator” and "regenerator”.

Make sketches of parellel flow and counter flow recuperators and draw
tenperatures length diagrans.

Wite the equations for counter flow heat transfer and for parallel
flow, and list the neaning of the various variables in that equation.



17.

18.

State the effect the equations above when one of the fluids is a wet
vapour or a boiling liquid.

Calculate the surface for both parallel flow and counter flow required
when cooling water flow is 0.04 kg/s past exhaust gases flowing through
a tubular 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
<jases and water may be taken as 1-3 and 4.19 kj/kgK respectively and
the overall heat transfer co-efficient from gases to water is 140W/mk.






