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01. Geothermal energy is heat energy trapped in hot regions known as hotspots in the Earth.
When underground water comes in contact with hotspots, it produces superheated water
and traps between the rocks at high
pressure as hot water reservoirs.

a. An underground hot water reservoir
of volume 1.0 x 108 m3 and tempera-
ture 200 oC exists at high pressure
in a hotspot region. Earth is drilled
up to the hot water reservoir and
steam is fed to a turbine through a
vertical cylindrical pipe as shown in
the figure (01) (drawn not to scale).
Assume that the mean specific heat
capacity and mean density of super-
heated water between 200 oC and
100 oC are 4.5 x 103 J kg-1 K-1 and
900 kg m-3 respectively.
(i) Write down an expression for heat released Q by an object of specific heat capac-

ity c and mass m when the temperature is decreased by .
(ii) Caculate the amount of heat released by superheated water when superheated water

at 200 oC in the reservoir is reduced to the boiling point (100 oC) of water. Assume
that after inserting the pipe to the reservoir, the temperature of the superheated
water drops to 100 oC at atmospheric pressure.

(iii) Calculate the total mass of steam that can be
produced using the energy released fro superheated
water calculated in (a)(ii) above. The specific latent
heat of vapourization of water is 2.5 x 106 J kg-1.

b. A cylindrical pipe made of a metal of thermal conductiv-
ity k1 whose inner and outer radii are r1 and r2 respec-
tively is covered with thick insulating material of thermal
conductivity k2. The outer radius of the composite pipe is
r3. The crossection of the pipe is shown in figure (2). At
the steady state the inner and outer temperatures of the
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composite pipe are 1 and 2 (1 > 2) respectively. Show that the rate of heat flow Q t
passing radially outwards per unit length of the composite pipe is given by

c. Geothermal power plants generate electricity by using geothermal energy. Steam at
100 oC obtained from the underground reservoir (a) above is fed to the turbine through
a cylindrical metal pipe of inner and outer radii of 48 cm and 52 cm respectively. The
pipe is covered with 6 cm thick insulation material. Thermal conductivities of the metal

and insulation material are 100 W m-1 K-1 and 1 12
 W m  K

11
   respectively..

(i) If the average air temperature of the environment is 30 oC, calculate the rate of heat
loss at steady state from the steam at 100 oC to the environment per unit length of
the pipe between B and C. Take  = 3. In the calculation neglect the term containing
10-4 compared to the 10-1 term.

(ii) If the length of the pipe fro the surface of the Earth to the turbine (between B and C)
is 500 m, calculate the rate of heat loss from the steam to the environment from B
to C.

(iii) Assume that rate of heat loss per unit length inside the Earth (from A to B) is half of
that from B to C. The length of AB is 2 km. Calculate the total rate of heat loss from
the whole pipe. (A to C).

(iv) Using steam the turbine produces 8.58 MW mechanical power (output power). If
the mechanical efficiency of the turbine is 40%, calculate the input power given by
steam to the turbine.

(v) How many years this geothermal power plant will function from heat generated by
the superheated water calculated in (a)(ii) above. (Take 1 year = 3 x 107 s)

02. For effective cooking purposes, pressure cookers are used. They increase the boiling
point of water thus reducing the time required for cooking. The cooking duration of the
pressure cooker is determined by the sound of whistle. When the whistle blows, the
water vapour mixes with air. This pressure cooker is used for cooking within a closed
room filled with 800 m3 of under 1 x 105 Pa pressure and 27 oC room temperature. 500 W
power is lost to the surrounding.

a. In the area of the hole on to top of pressure cooker is 2 x 10-6 m2, find the minimum load
that should be placed on the cooker to maintain a pressure of 2 x 105 Pa.

b. In the above mentioned room temperature and pressure, a small amount of water and
water vapour is present within the cooker. Even at 127 oC if liquid water is present what
is the minimum mass of the load that should be placed on the cooker?
Saturated vapour pressure of water at 27 oC is 3.5 x 103 Pa
Saturated vapour pressure of water at 127 oC is 3.5 x 103 Pa

c. Find the room air temperature after 45 min if the specific molar heat capacity of air
within the room of constant volume is 20.785 J mol-1 K-1.
Universal gas constant is R = 8.3 J mol-1 K-1.

d. When the blows, the water vapour is released at an average rate of 2.5 g/s, calculate the
amount of water vapour collected within the room after 45 miniutes.



  AL PHYSICS - THAPESAN - 3 -

e. What is the relative humidity of room after 45 minitues, if the initial relative humidity is
50 %. The amount of water vapour that saturates 1 m3 of dry air at 27 oC, 28 oC and 29 oC
respectively 24.9 g, 25.35 g, 26. 11 g.

f. When the air conditioner in the room was allowed to function, the air reached initial
relative humidity when room temperature decreased by 1 oC. Find the mass of water
vapour removed by the air conditioner.

03.a. State Boyle’s law.
b.

Rigid containers A and B have two airtight pistons L and M, which has the ability to move
freely along the container. These are connected together by a light inelastic string and
air is trapped inside the container. The cross sectional areas of pistons L and M are
1 x 10-3 m2 and 2 x 10-3 m2. The volume of the total air trapped inside the container at this
state is 6 x 10-4 m3 and the pressure is 2 x 105 Pa Atmospheric pressure is 1 x 105 Pa.
(i) Containers are held steady and by applying a force at X, the system is maintained at

equilibrium.
1. What is the force applied at X and what is the direction it is applied?
2. What is the tension in the string?

(ii) If the system is kept on a frictionless surface and the force applied at X is removed
and allowed to move, what would you say about the motion of the system?

When aswering the following questions, neglect the mass of the container and
pistons.

In the following motion, the air inside the container A is removed.
1. What is the change of volume of the trapped air?
2. If the temperature of the trapped air does not change, then what is the pressure?
3. When attaining equilibrium from this, argue that the air inside the container (A)

would be totally removed. (The system when attaining equilibrium returns to the
initial temperature).

(iii) What is the work done by the trapped air, when it reaches the final equilibrium in
question (iii)(3)? (Hint: work is done against the atmospheric pressure)

(iv) What is the energy absorbed by the system, when it reaches equilibrium after the
force is removed?

(v) “For heat transfer, there must be a temperature different among the system”, by
this concept explain the heat transfers in the above question (ii)(3).

(vi) Draw the approximate variation of the average temperature of the system with time,
from the moment the system is released until it reaches the room temperature.


