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Let us divide a steam power plant into two parts, the
furnance and the steam turbine power cycle, as shown
below., The specification are as follows. {a) net power
output = 106 kW, (b) thermsl efficiency of steam turbine
power cycle = 40%, {c)} temperature of air supply = 25ecC,
{d} pressure of air supply = 1.0 atm, {e) temperature of.
fuel (CH4} supply = 269G, {f) pressure of fuel supply =
1.0 atm, (g} excess air used for combustion = 10%, thi
temperature of flue gas = 150 °G, (i) pressure,ol flue...
gas = 1.0 atm. Determine: [1) the chemical equation, )
{2) heat transferred out of Lhe furnance for each kgmole
of fuel burned, (31 fuel consumption {in kg/hour) of
such a power plant, Follow data may be found to be
useful: ) '

{n) enthalpy of formation {kJ/kdmolie) for different
gases are: COz: -393,790, CHs: -74,920, 1H20(g):
-242,000. : o

{b) assume the tlue gas is an ideal-gas mixture, with
constanl specific heats. The specific heats,
Wi/l kgmoles K1, for diffevent gases are:  CUz: |
37,9539, HzO: 33.6693, Oz 29.4315, Nx= 24.0784.
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If we have a mixture of CH:, COz, OH, CO, Hz0 and Oz in
equilibrium, write out all possible chemical reaction
equaticns involved, (Note: take independent variables in
the order of CHs, CO2, OH, CO, etc, as given_above.}

A suppty line of saturated ammonia liquid at 0°C, 430 kPa {(enthalpy of 180.36
kifkg} is used to fill a 0.05 m’ comainer initially storing ammonia at 20°C, 100
kPa (specific volume of 1.4153 m’/kg; enthalpy of 1516.1 kl/kg). The supply.
line valve is closed when the pressure inside reaches 290.9 kPa. lFiﬁd the ﬁha_l .
mass and temperature in the container. (Hint; assuming there is no heat loss.)
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4. One kg of saturated water at 100" C is cond_enseid to a saturated Tiquid at 100°C in
a cnnstan't-'pressure' process by heat transfer to the surrounding air, which is at -
300 K.  What 1s the’ mcrease in entropy of the water plus surroundings?
Suppose that an cngme operating on the Camot cycle received heat from the
water and rejected heat to the surroundings. Therefore the heat transfer from the
water to the surroundings is taken place reversibly. What is the work outpuot of
the Carnot-cycle engine. (Note that at 100" C, h,=2257.0 ki/kg and $,=6.0480
k)kgK) (15%)

5. Please check the following ‘descriptions that appropriately related to “Heat Transfer or
“Thermodynamics”, (6%) ' '

. : Heat Transfer ‘Thermodynamics
(1) equilibrium process U U
(i) amount of energy transfer ] Ul
(iii} energy in transit due to temperature difference ) (]
(iv) rate of energy transfer - 0
(v) end state of transfer proces's ’ O ]
(vi) nonequilibrium proness O .

i
6. You are requested to design an experimental Facility to dctermine the average convection heat
wansfer coefficient for water heating in a copper tube of uniform cross section area, (19%)
(i) Sketch a complelc schematic diagram of the expcrlrncntal facility. Describe ali of the
components ; of this test system. (5%) .
- (i) Listall of !he data to be laken (4%} _ _
(m) Write down all data reductlon equations to obtain the average convection heat transfer

coefficient from original data you measured. (10%)

7. The variation of temperature in a flat platc with heat generation rate s is during a stcady state
Process. “The conductmty of that wall 1s 1.0 W!mK (10%)

(i) Estimate the heat flux q"1 end g2 on both cide of Ihp wall,

(i1} What is the heat géneratinn rale s per unit volume of the pl_atc?
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