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PART A 

I) 

1) An adiabatic process occurs without transferring heat or mass between a thermodynamic system and its surroundings. Unlike an isothermal 

process, an adiabatic process transfers energy to the surroundings only as work. 

2)  

 

 

 

3) Specific fuel consumption is the amount of fuel consumed by a vehicle  in producing unit brake power. unit- kg/kwhr 

4) Stefan-Boltzmann law, statement that the total radiant heat power emitted from a surface is proportional to the fourth power of its absolute 

temperature. ... The law applies only to blackbodies, theoretical surfaces that absorb all incident heat radiation. 

Q αT4 

5) A black body or blackbody is an idealized physical body that absorbs all incident electromagnetic radiation, regardless of frequency or 

angle of incidence. 

PART B 

II)  

1) CONSTANT VOLUME GAS HEATING 

Total heat transfer  ,Q=mcvϪT 

small change in heat dQ= 1.Cv.dT  (take m=1 kg) 

workdone W=P.dv =0 (dv=0 as volume is fixed) 

we have Q=ϪU+W 
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 So   dQ=dU+dW 

so  Cv.dT=dU+0 

sodU=Cv.dT 

CONSTANT PRESSURE HEATING 

Q=m.Cp.ϪT 

dQ=1.Cp.dT 

we have Q=ϪU+W 

 So   dQ=dU+dW 

Cp.dT=Cv.dT+P.dV 

(bcz for ideal gas U depends on temperature only, in this process also dU=Cv.dT) 

Cp.dT=Cv.dT+R.dT         (we have PV=mRT, so for m=1,R=gas constant,  PdV=R.dT) 

So Cp-Cv=R  (Mayor’s Relation) 

2) An adiabatic process occurs without transferring heat or mass between a thermodynamic system and its surroundings. Unlike an isothermal 

process, an adiabatic process transfers energy to the surroundings only as work. 
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3)compression ratio, Rc=V1/V2 

Cut-off ratio, ρ = V3/V2 

Expansion ratio, Re= V4/V3 

Cut-off ratio (ρ) = compression ratio (Rc)/ Expansion ratio (Re) 

4) Brake power(BP) is defined as the power developed by an engine at the output shaft. 
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Indicated power(IP) is defined as the total power developed by combustion of fuel in the combustion chamber. 

Frictional power(FP) is defined as the power lost in an internal-combustion engine through friction between parts of the machine itself. 

IP=BP+FP 

5)a) Brake Thermal Efficiency is defined as break power of a heat engine as a function of the thermal input from the fuel. It is used to evaluate 

how well an engine converts the heat from a fuel to mechanical energy. 

B.Ther.efficiency= BP/Heat input 

                             = BP/(m ⤬ cv) 

   b) The indicated thermal efficiency gives an idea of the power generated by the engine (consider zero heat loss)within the cylinder with 

respect to heat supplied (theoretically calculated chemical energy of fuel )in the form of fuel. It is define as the ratio of the indicated power of the 

engine to the fuel power. 

Indi.Ther.efficiency= IP/Heat input 

                                  = IP/(m ⤬ cv) 

BP- in KW 

m-fuel consumption in kg/sec 

cv- calorific value of fuel – kj/kg 

6) Everything around us constantly emits radiation and emission characteristics of a body is represented by emissivity. 

This means that every body, including our own, is constantly bombarded by radiation coming from all directions over a range of wavelengths. 

Irradiation 

The radiation flux incident on a surface is called irradiation and is denote by G. 
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When radiation strikes a surface, part of it is absorbed, part of it is reflected, and the remaining part, if any, is transmitted, as illustrated above 

Figure. 

Absorptivity 

The fraction of irradiation absorbed by the surface is called the absorptivity (α). It is the ratio of absorbed radiation (G abs) to incident radiation 

(G). 

Its value: 0 ≤ α ≤ 1 

Reflectivity 

The fraction of radiation reflected by the surface is called the reflectivity (ρ). It is the ratio of reflected radiation (G ref) to incident radiation (G). 

Its value: 0 ≤ ρ ≤ 1 

Transmissivity 

The fraction of radiation transmitted is called the transmissivity (τ). It is the ratio of transmitted radiation (G tr) to incident radiation (G). 

Its value: 0 ≤ τ ≤ 1 

The first law of thermodynamics requires that the sum of the absorbed, reflected, and transmitted radiation energy be equal to the incident 

radiation. That is, 

G abs + G ref + G tr = G 
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Dividing each term of this relation by G yields 

α+ρ+τ=1 

For opaque surfaces, τ=0, and thus 

α+ρ=1 

This is an important property relation since it enables us to determine both the absorptivity and reflectivity of an opaque surface by measuring 

either of these properties. 

7) Fourier's law, states that the rate of heat transfer through a material is proportional to the negative gradient in the temperature and to the 

area, at right angles to that gradient, through which the heat flows. 
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PART  C 

III) a) Many processes which occur in practice can be described approximately by an equation of the form PV
n
 = constant, where n is a 

constant. Such a process is called a polytropic process. 

P-V DIAGRAM 
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b) Adiabatic index (Ϫ) can be defined as is the ratio of the heat capacity at constant pressure to heat capacity at constant volume 

ie, Cp/Cv=Ϫ 

• Its value is always greater than 1 because heat added will be more at constant pressure than at constant volume. 

 

 

 

 

• Consider a mass ‘m’ is heating by constant pressure and constant volume method to make a temperature difference  Ϫt. 

• For same mass and temperature diference ‘Q’ is more needed  in constant pressure process as compared to constant 

volume process. (Cp includes internal energy and work, whereas Cv includes only internal energy.As we know that  

Q=ϪU+W , W=0 in constant volume process) 

• So                    Qp> Qv 

ie.            mCpϪt> m CvϪt 

Cp>Cv 

Cp/Cv> 1 

                           Ϫ > 1 

 

 

 

 

 

 

 

 

 

 

constant pressure and volume heating 
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IV) a) Given 

Cp= 0.984 KJ/KgK 

Cv= 0.728KJ/KgK 

         m= 1kg 

         Constant pressure heating process 

         T1 =25'C 

         T2 = 200 'C 

         V1 = 2m
3
 

 

To find R,Ϫ,Q,W,ϪU ,P,V2 

• R= Cp-Cv = 0.984 - 0.728 = 0.256 KJ/KgK 

• Ϫ = Cp/ Cv  = 0.984/0.728 = 1.35 

• Q = mCp(T2-T1) = 1⤬0.984(200-25)= 172.2 KJ 

• we have Q=ϪU+W 

w = Q- ϪU 

= Q-m Cv (T2-T1) = 172.2-(1⤬0.728(200-25))= 44.8 KJ 

• ϪU = m Cv (T2-T1) = 1⤬0.728(200-25) = 127.4 KJ 

• we have     P.V1 = m.R.T1 

P  =  (1⤬0.256⤬(25+273))/2  =  38.14 KPa 

• P.V2 = m.R.T2 

V2 = (1⤬0.256⤬(200+273))/38 = 3.18 m
3
 

b)  

• Intensive property can be defined as the thermodynamic properties which are independent of mass. 

eg: Temperature, pressure, density 

• Extensive property can be defined as the thermodynamic properties which are dependent of mass. 

eg: Volume, mass, internal energy, enthalpy, entropy 

• NB: Extensive property per unit mass is an intensive property..eg: Specific volume. 

v) a)  THE OTTO CYCLE  

• The main drawback of the Carnot cycle is its impracticability due to high pressure and high volume ratios employed with 

comparatively low mean effective pressure.  

• Nicolaus Otto (1876), proposed a constant-volume heat addition cycle which forms the basis for the working of today's 

spark-ignition engines.  

• The cycle is shown on p-V and T-s diagrams in Fig (a) and  fig(b) respectively. The process 1-2 represents isentropic 

compression of the air when the piston moves from bottom dead centre to top dead centre.  
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• During the process 2-3 heat is supplied reversibly at constant volume. This process corresponds to spark-ignition and 

combustion in the actual engine.  

• The processes 3-4 and 4-1 represent isentropic expansion and constant volume heat rejection respectively. 
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b) Given 

     * Diesel cycle 

     * r = V1/V2= 14 

     * Cut off = 6% of stroke 

ie  V3-V2 = 0.06 (V1-V2) 

     * To find Air standard efficiency 
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V1 = 14 V2 

V3-V2 = 0.06 (14 V2 - V2) 

V3 = 1.78 V2 

V3 / V2 = rc= 1.78 

so Air standard efficiency of diesel cycle is,  

Ϫ = 1- { ( 1.781.4-1)/(140.4⤬1.4(1.78-1))} = 0.6043 

   = 60.43 % 

VI) a) THE DIESEL CYCLE 

• In actual spark-ignition engines, the upper limit of compression ratio is limited by the self-ignition temperature of the fuel. This limitation on the 

compression ratio can he circumvented if air and fuel are compressed separately and brought together at the time of combustion. In such an 
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arrangement fuel can be injected into the cylinder which contains compressed air at a higher temperature than the self-ignition temperature of 

the fuel. Hence the fuel ignites on its own accord and requires no special device like an ignition system in a spark-ignition engine. Such engines 

work on heavy liquid fuels. These engines are called compression-ignition engines and they work on a ideal cycle known as diesel 

cycle(Constant pressure cycle) 
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VI) b) Given 

-Otto cycle 

-P1= 1 bar 

-P2 = 11 bar 

-Ϫ= 1.4 

To find  r and air standard efficiency 

we have         P1. V1Ϫ= P2. V2Ϫ 

                            = (V1 / V2)Ϫ = P2/P1  

comp.ratio  r    =  V1 / V2  = (P2/P1)(1/Ϫ) 

                        = (11/1)(1/1.4)=5.54  

So air standard efficiency of otto cycle is given by, 

 

ie      Ϫ= 1-(1/5.540.4) = 0.4958 

                               = 49.58% 

VII) a) Morse Test: Used for multi cylinder engines 

 

Procedure: 
 

• The engine is run at the required speed and the torque is measured. 

• One cylinder is cut out by shorting the plug if an S.I. engine is under test. 

• The speed falls because of the lass of power with one cylinder cut out but is restored by reducing the load. 

• The torque is measured again when the speed has reached its original value. 

• If the value of I.P. measured simultaneously for each cylinder In this method the BP of whole engine is first of all 
measured at a certain speed and load with the help of dynamometer. Then from total number of cylinders of the engine 
one of the cylinders is cut out by short circuiting the spark plug. The output is measured by keeping the speed constant. 
The difference in the outputs is measure of the indicated power of disconnecting cylinders. Thus for each cylinder the IP is 
obtained and then is added together to find the total IP of the engine. 

Where BP= Brake power 

IP= Indicated power 

FP = Frictional power 

Let F.P. of cylinder 1,2,3,4 be F1, F2, F3, F4 respectively. 

Then total FP of engine = F1+F2+F3+F4 

Let IP of cylinder 1 2 3 and 4 be I1, I2 I3& I4 respectively. 

The total IP of engine is given by, 

IP= I1 +,I2+ I3 + I4 

The total BP of engine when all cylinders are working 
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BP= Total IP – Total FP 

B = (I1 +,I2+ I3 + I4)–(F1+F2+F3+F4)----------1 

When cylinder 1 is cut off, the BP developed by the remaining three cylinders, 

B1= (0+,I2+ I3 + I4)–(F1+F2+F3+F4)------------2 

Subtracting (2) from (1) we get 

B- B1 = I1 

Therefore, IP of cylinder 1, I1 = B-B1 

Similarly , 

IP of cylinder 2, I2 = B-B2 

IP of cylinder 3, I3= B-B3 

IP of cylinder 4, I4 = B-B4 

Total IP of Engine = I1+I2+I3+I4 

Friction Power F.P. = I.P – B.P 

 

 b) Centrifugal compressor 

• It consists of an impeller, diffuser and involute casing. 

 

• As the impeller is rotated, the air from the atmosphere is entered through the impeller eye and discharge to the diffuser at high 
velocity. 

• At the diffuser, the velocity of air is decreased but pressure is increased. 

• Now this high pressure air is discharged to the involute casing (gradually increasing area). 

• As the air is passing through the involute casing to the outlet, since the area is increasing, the pressure energy is again increased. 

• Hence highly pressurized air is discharged at outlet and supplied to the engine. 

 

Advantages 

MADIN
 P

OLY
TECHNIC

 C
OLL

EGE



www.madinpoly.com    

 

• Loss of power due to friction is very low. 

• Simple arrangement. 

• Noise of operation is low. 

• Require less maintenance. 

• Less costly. 

Disadvantages 

• Since the impeller has to rotate at higher speed,high stress may develop in the blades, hence special material is needed (alloy 
steel). 

VIII) a) HEAT BALANCE SHEET 

• A heat balance sheet is an account of heat supplied and heat utilized in various ways in the system. Necessary 
information concerning the performance of the engine is obtained from the heat balance. 

• The performance of an engine is generally given by a heat balance sheet. To draw a heat balance sheet for the I.C. 
engine, it is run at constant load and constant speed. The Indicator diagram is drawn with the help of an indicator. The 
quantity of fuel used in a given time and its calorific value, the amount, inlet and outlet temperature of cooling water and 
the mass of exhaust gases are recorded. 

• The heat balance sheet is generally done on a second basis or a minute basis or an hourly basis. 

• The engine should be equipped with a suitable loading arrangement to measure the brake power of the engine. 
Provisions are also made to measure the amount of air intake. amount of fuel consumed, the temperature of cooling water 
at inlet and outlet of the engine amount of cooling water circulated and temperature of exhaust gases. 

Use Of Heat Balance sheet : 

1. To know an account of heat supplied and heat distributed in various ways in the system. 

2. To analyses the performance of the engine. 

Heat Balance Sheet Calculation : 

The heat balance is generally done on a second basis or a minute basis or an hourly basis. 

The heat supplied to the engine is only in the form of fuel-heat and that is given by 

Qs = mf X CV 

Where mf is the mass of fuel supplied per minute or per sec. and CV is the lower calorific value of the fuel. 

The various ways in which heat is used up in the system is given by 

(a) Heat equivalent of BP = kW = kJ/sec. = kJ/min. 

(b) Heat carried away by cooling water 

= Cpw X mw (Two – Twi) kJ/min. 

Where, 

mw is the mass of cooling water in kg/min or kg/sec circulated through the cooling jacket  

(Two – Twi) is the rise in temperature of the water passing through the cooling jacket of the engine  

Cpw is the specific heat of water in kJ/kg-K. 

(c) Heat carried away by exhaust gases 

= mg Cpg (Tge – Ta) (kJ/min.) or (kJ/sec) 

 

Where, 
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mg is the mass of exhaust gases in kg/min. or kg/sec and it is calculated by using one of the methods already explained. 

Tg= Temperature of burnt gases coming out of the engine. 

Ta = Ambient Temperature. 

Cpg = Sp. The heat of exhaust gases in (kJ/kg-K) 

(d) A part of the heat is lost by convection and radiation as well as due to the leakage of gases. Part of the power developed inside 
the engine is also used to run the accessories as a lubricating pump, camshaft and water circulating pump. These cannot be 
measured precisely and so this is known as unaccounted ‘losses’. 

 

The results of the above calculations are tabulated in a table and this table is known as “Heat Balance Sheet”. It is generally practice 
to represent the heat distribution as percentage of heat supplied. This is also tabulated in the same heat balance sheet.This 
unaccounted heat energy is calculated by the different between heat supplied Qs and the sum of (a) + (b) (c). 

b)  

Engine indicator 

An engine indicator is an instrument for graphically recording the pressure versus piston displacement through an engine stroke 

cycle. Engineers use the resulting diagram to check the design and performance of the engine. A mechanical indicator consists of a 

piston, spring, stylus, and recording system. 

Indicated mean effective pressure (Imep) 

The average pressure produced in the combustion chamber during the operating cycle. It is an expression of the theoretical, 

frictionless power known as indicated horsepower.IMEP is equal to brake mean effective pressure (BMEP) plus friction mean 

effective pressure (FMEP). 
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Fro indicator diagram we can calculate the mean effective pressure. 

Imep = mean height of diagram × Spring stiffness 

Imep= (a/l)k                          N/m
2
 

where, a= net area of indicator diagram in meter(m
2
) 

           l = length of indicator diagram- m  

          k= spring stiffness-  N/m
2
/m 

IX) a) Heat Conduction through a Composite Wall: 

A composite wall refers to a wall of a several heterogeneous layers, e.g., walls of dwelling houses where bricks are given a layer of 

plaster on either side. Likewise walls of furnaces, boilers and other heat exchange devices consist of several layers; a layer for 

mechanical strength or for high temperature characteristics (fire brick), a layer of low thermal conductivity material to restrict the flow 

of heat (insulating brick) and another layer for structural requirements for good appearance (ordinary brick). 

Fig. 3.6 shows one such composite wall having three layers of different materials tightly fitted to one another. The layers have 

thicknesses δ1, δ2, δ3 and their thermal conductivities correspond to the average temperature conditions. The surface temperature 

of the wall are t1 and t4 and the temperatures at the interfaces are t2 and t3. 
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Under steady state conditions, heat flow does not vary across the wall, i.e., it is same for every layer. Thus, 

Distributing of temperature in a plane multilayer wall is represented by a polygonal line (Fig. 3.6).  

When the above analysis is extended to an n-layer composite wall, one obtains: 
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where denominator   is sum of the thermal resistances of different layers comprising the composite wall. 

Analysis of the composite wall assumes that there is a perfect contact between layers and no temperature drop occurs across the 

interface between materials. 

b) Three mechanisms of heat transfer include conduction, convection and radiation. 

Conduction: This is a flow of heat by direct contact. Heat travels from a warmer object toward a colder object. A pan warming on a 

stove is an example. 

Convection: This is a transfer of heat by mixing a fluid. Convection occurs within liquids and gases. Examples include boiling water 

and when warm water mixes with cold water. In meteorology, convection is a common heat transfer mechanisms in the troposphere. 

Radiation: Radiation is the transfer of energy by electromagnetic radiation. Radiation does not require a medium in which the energy 

needs to transmit through. Solar radiation warming the Earth’s surface is an example. The radiation transfers from the sun through 

space and then strikes the Earth. All objects emit radiation. Colder objects emit longer wavelength radiation while warmer objects 

emit shorter wavelength radiation. 
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X) a) A heat exchanger is a device used to transfer heat between two or more fluids. The fluids can be single or two phase and, 

depending on the exchanger type, may be separated or in direct contact. 

Classification of Heat Exchangers by Flow Configuration 

• Counter Flow 

• Cocurrent Flow (parallel flow) 

• Crossflow 

• Hybrids such as Cross Counterflow and Multi Pass Flow 
Fig. 1 illustrates an idealized counterflow exchanger in which the two fluids flow parallel to each other but in opposite 
directions. This type of flow arrangement allows the largest change in temperature of both fluids and is therefore most efficient 
(where efficiency is the amount of actual heat transferred compared with the theoretical maximum amount of heat that can be 
transferred). 

 

In cocurrent flow heat exchangers, the streams flow parallel to each other and in the same direction as shown in Figure 2, This is 

less efficient than countercurrent flow but does provide more uniform wall temperatures. 

 

Crossflow heat exchangers are intermediate in efficiency between countercurrent flow and parallel flow exchangers. In these units, 

the streams flow at right angles to each other as shown in Figure 3. 
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In industrial heat exchangers, hybrids of the above flow types are often found. Examples of these are combined 

crossflow/counterflow heat exchangers and multi pass flow heat exchangers. (See for example Figure 4.) 

 

Classification of Heat Exchangers by Construction 

 

Regenerative heat exchangers 

In a regenerative heat exchanger, the flow path normally consists of a matrix, which is heated when the hot fluid passes through it 

(this is known as the "hot blow"). This heat is then released to the cold fluid when this flows through the matrix (the "cold blow"). 

Regenerative Heat Exchangers are sometimes known as Capacitive Heat Exchangers. A good overview of regenerators is provided 

by Walker (1982). 

 

Regenerators are mainly used in gas/gas heat recovery applications in power stations and other energy intensive industries. The 

two main types of regenerator are Static and Dynamic. Both types of regenerator are transient in operation and unless great care is 

MADIN
 P

OLY
TECHNIC

 C
OLL

EGE



www.madinpoly.com    

 

taken in their design there is normally cross contamination of the hot and cold streams. However, the use of regenerators is likely to 

increase in the future as attempts are made to improve energy efficiency and recover more low grade heat. However, because 

regenerative heat exchangers tend to be used for specialist applications recuperative heat exchangers are more common. 

 

Recuperative heat exchangers 

There are many types of recuperative exchangers, which can broadly be grouped into indirect contact, direct contact and specials. 

Indirect contact heat exchangers keep the fluids exchanging heat separate by the use of tubes or plates etc.. Direct contact 

exchangers do not separate the fluids exchanging heat and in fact rely on the fluids being in close contact. 

 

Heat Exchanger Types 

This section briefly describes some of the more common types of heat exchanger and is arranged according to the classification 

given in Figure 5. 

 

Indirect heat exchangers 

In this type, the steams are separated by a wall, usually metal. Examples of these are tubular exchangers, see Figure 6, and plate 

exchangers, see Figure 7. 

 

Tubular heat exchangers are very popular due to the flexibility the designer has to allow for a wide range of pressures and 

temperatures. Tubular heat exchangers can be subdivided into a number of categories, of which the shell and tube exchanger is the 

most common. 

A Shell and Tube Exchanger consists of a number of tubes mounted inside a cylindrical shell. Figure 8 illustrates a typical unit that 

may be found in a petrochemical plant. Two fluids can exchange heat, one fluid flows over the outside of the tubes while the second 

fluid flows through the tubes. The fluids can be single or two phase and can flow in a parallel or a cross/counter flow arrangement. 

The shell and tube exchanger consists of four major parts: 

 

Front end–this is where the fluid enters the tubeside of the exchanger. 

 

Rear end–this is where the tubeside fluid leaves the exchanger or where it is returned to the front header in exchangers with 

multiple tubeside passes. 

 

Tube bundle–this comprises of the tubes, tube sheets, baffles and tie rods etc. to hold the bundle together. 

 

Shell—this contains the tube bundle. 
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b) Given 

 
CEMENT    
L1= 20 mm  
K1=0.294 
w/mk 

 
         BRICK 
      L2= 300 mm 
K2 = 0.252 w/mk 

 
WOOD 
L3=10 
mm 
K3=0.168 
w/mk 

 

HEAT TRANSFER RATE PER UNIT AREA(Q/A) = 

(T1 –T2)/{ (L1/K1)+ (L2/K2)+ (L3/K3)} 

     Q/A = (30-5)/ {(0.02/0.294)+(0.3/0.252)+(0.01/0.168)} 

=  25/1.31 = 18.96 W/m2   (ie 18.96 (J/s)/m2) 

so       =  18.96 × 60 = 1138.06 W/m2 per minute 

 

INSIDE TEMP  

T2= 5 
0
C  

OUTSIDE TEMP.  

T1 = 30 
0
C 
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