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STUDY OF FORCED CONVECTIVE HEAT TRANSFER OVER A FLAT 
PLATE 

 
Aim: To determine the forced convective heat transfer coefficient for flow of air inside a horizontal pipe. 

 

 
Theory: Convective heat transfer between a fluid and a solid surface takes place by the movement of 

fluid particles relative to the surface. If the movement of fluid particles is caused by means of external 

agency such as pump or blower that forces fluid over the surfaces, then the process of heat transfer is 

called forced convection. 

 
In convection heat transfer there are two flow regions named laminar and turbulent. The non- 

dimensional number called Reynolds number is used as criterion to determine change from laminar to 

turbulent flow. For smaller value of Reynolds number viscous forces are dominant and the flow is 

laminar and for larger value of Reynolds numbers the inertia forces become dominant and the flow is 

turbulent. Dittus-boelter correlation for fully developed turbulent flow in circular pipes is: Nu = 

0.023(Re)0.8 (Pr) n 

Where: n = 0.4 for heating of fluid 
 

n = 0.3 for cooling of fluid 
 

hD 
Nu = Nusselt number = 

k 
 

Re = Reynolds Number =
Vd 

= 
eVd

 

  

Pr = PrandtlNumber =
 CP

 

k 
 

Description of The Apparatus: The apparatus consists of a blower to supply air. The air from the 

blower passes through a flow passage, heater and then to the test section. An orifice meter placed near 

the test section measures airflow. A heater placed around the tube heats the air, heat input is controlled 

by a dimmer stat. Temperature of the air at inlet and at outlet are measured using thermocouples. The 

surface temperature of the tube wall is measured at different sections using thermocouples embedded 

in the walls. Test section is enclosed by a water jacket where the circulation of water removes heat from 

outer surface tube. 
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Figure: FORCED convection heat transfer over a Flat plate. 
 

Specifications: 
 

Specimen : Brass Tube 

Specimen Dimension : 25 mm  500 mm (I.D  Length) 

Heater : Nichrome wire internally heated 

Voltmeter : 300 V, 2 A, Digital type 

Ammeter : 300 Volts, 2 Amps, Digital type 

Dimmer Stat : 0 – 230 Volts, 2 Amps 

No of thermocouples : 4 

Centrifugal Blower : 230 V, 1.5 A, 50 Hz, 3000 rpm, 2.3 m3/min 

Measuring Jar Capacity : 500 ml 

Orifice Diameter : 20 mm 
 

Precautions: 
 

1. Never switch on main power supply before ensuring that all ON/OFF switches given on the panel are 

at OFF position. 

2. Never run the apparatus if power supply is less than 180 or higher than 230 volts. 

3. Before switch ON main power supply ensure that variac knob is at zero position, provided on the 

panel. 

4. Operate the thermocouple selector knob and variac knob gently. 
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Procedure: 
 

1. Start the blower after keeping the valve open, at desired rate. 

2. Put on the heater and adjust the voltage to a desired value and maintain it as constant. 

3. Start the water circulation. 

4. Allow the system to stabilize and reach a steady state. 

5. Note down all the temperatures T1 to T7, Voltmeter reading Ammeter reading flow rate of water and 

manometer readings. 

6. Repeat the experiment for different heat input and flow rate. 

Observations & Tabulation: 
 

 
 

 
Sl. 

No 

 
Heat input 

 

 
Diff. In 

Manometer 

reading 

hwmm 

Air Temp 

 
In 0C 

Thermocouple 

Readings0C 

 
V 

 
Volts 

 
I 

 
Amps 

 
V X I 

Watts 

 

 
In 

T1 

 

 
Out 
T7 

 
 
 
 

T2 

 
 
 
 

T3 

 
 
 
 

T4 

 
 
 
 

T5 

 
 
 
 

T6 

            

            

            

 

Specimen Calculations: 

 
1. 

 
 
 
 
 
 
 
 
 
 
 

2. 

Mass dens ity of air: ea = 
P 

kg/m3 

RTa 

Where P = Atmospheric pressure = 101325 N/m2 

 
R = Gas constant for air = 287 J/kg-K 

 Ta = Room temperature in K 

whw 

Pressure drop across orifice meter in ‘m’ of air: ha= 
Pa 

Where a = Mass density of water = 1000 kg/m3 

hw = Differential manometer reading in ‘m’ of mercury 

d0 = Dia of the orifice 

dp = Dia of the pipe 
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1 − d  
 

 

    

 
 

2gha 

 

 1000 

 

 

 

 

3. Velocity of air at the orifice: V0 = Cd m/s do→dia of the orifice 
 
 

 
 

Where Cd = 0.62 

 
 

 
V0 d0 

 

 

 

V d 2 

do→dia of the pipe. 

4. Velocity of air in the tube: Va = 4  

dP 

= 
    0   0  

2 

P 

 

 
 

5. Average surface temperature of the tube: Ts = 
T2  + T3  + T4  + T5 + T6 

0C 
5 

T1 + T7  Ti + T0  6. Mean temperature of air: Tf =   0C or =   0C 

 2  

Properties of Air are taken at Tf 

 2  

 

At temperature Tf, kinematic viscosity  , Prandtl Number Pr and thermal conductivity K are taken 

from properties of air table 
 

 
7. Reynolds Number: Re = 

V0 d 
 

  1000 
 
 

8. Nusselt number: Nu = 0.023 Re0.8 Pr0.3 (When Re>2300 flow is turbulent) 
 

hD 
9. Nusselt number: Nu = 

k
 

 

 

Nu  k 
Forced convective heat transfer h =   

D
 W/m2-K 

 

10. Rate of heat transfer: Q = hA (Tf - Ts) 

hdL(Tf 

Q = 
− Ts )  Watts 

106 
 

 
 

Result: 

d 

2 



DEPARTMENT OF AERONAUTICAL ENGINEERING - ACSCE  

23  

 

 

  

STUDY OF FREE CONVECTIVE HEAT TRANSFER OVER A FLAT PLATE 

       

     AIM : 

To determine the heat transfer co-efficient in natural convection for Flat Plate. 

 

Introduction: 

Heat transfer can be defined as the transmission of energy form one region another as a result 

of temperature difference between them. There are three different modes of heat transfer; namely 

conduction, convection and radiation 

Conduction: The property which allows passage for heat energy, even though their parts are 

not in motion relative to one another. 

Convection: is the transfer of heat within the fluid by mixing one portion of fluid with another. 

 

Heat Radiation: The property of emit or to absorb different kind of ratio of electromagnetic 

waves. Out of these types of heat transfer the convective heat transfer which of concern, divides into 

two categories viz., 

Natural Convection: If the motion of fluid caused only due to difference in density resulting 

from temperature gradients without the use of pump or fan, then the mechanism of heat transfer is 

known as “natural or free convection”. 

Forced convection: If the motion of fluid is induced by some external means such as a pump or 

blower. 

 

The Newton‟s law of cooling in convective heat transfer is given 

by Q=h A ∆ T, where Q=heat transfer rate in watts 

• A=surface area of heat flow in m2 

• ∆T=over all temperature difference between the wall and fluid 

• h= convection heat transfer co-efficient in watts 

• This setup has been designed to study heat transfer by natural or free convection 
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Apparatus: 

 

1. A metallic tube of diameter (d) 45 mm and length (L) 450mm with a electrical heater coil 

along the axis of the tube. 

2. Seven thermocouple are fixed on the tube surface. 

3. Control panel instrumentation consists of multichannel digital display 

a. Temperature indicator to measure surface temperature T1 to T7 of the tube and 

ambient temperature T8. 

b. Digital ammeter and voltmeter to measure power input to the heater. 

c. Regulator to control the power input to the heater. 

4. Front transparent acrylic enclosure for safety of the tube when not in use. 

Operational Procedure: 

 

1. Switch ON the mains and the control. 

2. Set the regulator to set the heat input. 

3. Wait for sufficient time to allow temperature to reach steady values. 

4. Note down temperatures T1 to T8 using channel selector and digital temperature indicator. 

5. Note down the Ammeter and Voltmeter readings. 

6. Tabulate the heat input and transfer co-efficient using the procedure. 

7. Calculate the convection heat transfer co-efficient using the procedure given below. 

8. Repeat the experiment by changing the heat input. 
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Tabulation: 

 

Sl.N

O 

Heat Input Temperature along the tube 

Average 

tube 

Temperature 

Ambient 

Temperature 

Convective 

heat transfer 

coefficient 

V I Q T1 T2 T3 T4 T5 T6 T7 Tav T8 
ht

h 
hex 

1               

2               

3               

 

Calculations: 

 

Determination of experimental heat transfer co-efficient: For steady state condition, heat given to heater 

= Heat lost from the tube surface by natural convection. 

 

Therefore, Q= h As (Ts-T∞) 

 

Where, 

 

Q = (Ammeter reading) x (Voltmeter reading), in watts 

 

D= Diameter of tube=  mm 

L= length of the tube = mm 
 

As=surface area = π D L  m2 
 

 

Ts= (T1+T2+T3+T4+T5+T6+T7)/7 =    °C 

 

T∞= T8 = Ambient air temperature=T8=     °C 
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Therefore, 

Heat transfer co-efficient, hexpt = Q/As (Ts-T∞) = W/m2K 

 

Determination of Theoretical heat transfer co-efficient: The theoretical value of the natural heat 

transfer co-efficient is calculated given by: Note down the properties of air t from data hand book 

Tm = (Ts+ T∞)/2 = °C 

 

 

 

 

RESULTS 

 

The heat transfer coefficient for natural convection over the flat plate was determined to be ___ 

W/m²·K under the given experimental conditions.
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MEASUREMENT OF BURNING VELOCITY OF 

PREMIXED FLAME 

Aim: 
 

To measure the burning velocity of the premixed flame. 
 

Apparatus: Small Gas cylinder with gas, Bunsen burner, Air flow rotameter, Glass chamber, flame 

cone angle measurement protractor, mixing chamber, gas rotameter. 

Theory: 
 

The Laminar burning velocity - The classical device to generate a laminar premixed flame is Bunsen 

burner shown in figure (a).Gaseous fuel from the fuel supply enters through an orifice into the mixing 

chamber into which air is entrained through adjustable openings from outside. The cross sectional area of 

fuel orifice may be adjusted by moving the needle through an adjustment screw into the orifice. Thereby 

the velocity of the jet entering into the mixing chamber may be varied and entrainment of the air and the 

mixing can be optimized. The mixing chamber must be long enough to generate a premixed gas issuing 

from the Bunsen tube into the surroundings. If the velocity of the issuing flow is larger than the laminar 

burning velocity to be defined below, a Bunsen flame tube cone establishes itself at the top of the tube. It 

represents a steady premixed flame propagating normal to itself with the burning velocity into the 

unburnt mixture. 

The kinematic balance of this process is illustrated for a steady oblique flame as shown in the 

figure(b).The oncoming flow velocity vector Vu of the unburnt mixture(subscript u) is split into a 

component Vt,u which is tangential to the flame and into a component Vn,u normal to the flame front. 

Due to a thermal expansion within the flame front the normal velocity component is increased, 

since the mass flow “ρv” through the flame must be the same in the unburnt mixture and in the burnt 

gas (subscript b). 

ρ (Vn) u = ρ(Vn)b, 

Vn, b=Vn, u (ρu /ρb) 

------------------------------------------------------1 
 

------------------------------------------------------2 

The tangential velocity component Vt is not affected by gas expansion and remains the same 

Vt,b=Vt,u ------------------------------------------------------- 3 

Vector addition of the velocity components is the burnt gas in figure(b) then leads to Vb which 

points into a direction which is deflected from the flow direction of the unburnt mixture. Finally, 

since the flame front is stationary in this experiment the burning velocity, 

SL,u=Vn,u ----------------------------------------------------- 4 

With the Bunsen flame cone angle in fig 6.1 denoted by α the normal velocity is 

Vn, u=VuSin α and it follows , SL, u=VuSin α ------------------------------------------------------------------- 5 
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Figure (a): The Bunsen burner. 
 
 

Figure (b): Kinematic balance for a steady oblique flame. 
 

This allows to experimentally determine the burning velocity by measuring the cone angle α under 

the condition that the flow velocity Vn is uniform across the tube exit. If this is not the case the flame 

angle also varies with radial distance since the burning velocity SL, u is essentially constant. 

A particular phenomenon occurs at the flame tip. If the tip is closed which is in general the case for 

hydrocarbon flames the burning velocity at the tip being normal and therefore equal to the flow 

velocity, is by a factor (1/sinα) larger than the burning velocity through the oblique part of the cone. 

This analysis also includes the effect of non-unity Lewis number by which, for instance, the 

difference between lean hydrogen and lean hydrocarbon flames can be explained. Finally, it is 

shown in figure (b) 
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that flame is detached from the rim of the burner. This is due to conductive heat loss to the burner 

which leads in regions very close to the rim to temperatures at which combustion cannot be sustained. 

Another example for an experimental device to measure laminar burning velocities is the combustion 

bomb within which the flame is initiated by a central spark. Spherical propagation of flame then takes 

place which may optically be detached through quartz windows and the flame propagation velocity 

(drf/dt) may be recorded. Now the flame front is not stationary. If the radial flow velocities are 

defined positive inward direction, the velocities of the front must be subtracted from these in the mass 

flow balance. 

Procedure: 
 

1. First ensure all the valves of the rotameter, gas cylinder, and compressor are all closed. 
 

2. Then open regulator valve of the LPG cylinder slightly. 
 

3. Simultaneously open the rotameter valve, fire the burner using the matchstick or lighter. 

4. By observing the flame through the glass window, adjust the rotameter valve so as to get the 

quality blue flame (Ensure the laminar flow condition). 

5. Now the flame cone is established 

6. Measure the cone angle with respect to the centerline of the cone (flame) by using angle protractor 

(First set the angle protractor to 90 degrees position and by holding in same position bring the 

protractor arm tangential to the flame boundary the lock the scale by turning the locking knob on the 

protractor, now observe & note down the reading from the circular scale). 

7. Repeat the same procedure by changing the gas and airflow rate. 

8. After the reading are taken, ensure that all the valves (LPG cylinder, rotameter, etc. are closed). 

Formulas used: 
 

1) Mass flow of air(m3/s) = Air flow Rota meter reading in LPM/(1000×60) 
 

2) Velocity of air (Vu, m/s) = Mass flow of air /Area of burner 
 

3) Area of burner =Л×d2/4 
 

Where d=diameter of burner, d=5mm 
 

Area of burner= Л×(0.005)2/4=1.9637e10-5 m2 
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Tabulation: 
 

S.No LPG flow rate in LPM Air flow rate in LPM Cone angle 

1 0.01 0.5 3degree (Laminar flow, 

blue flame) 

Calculations: 
 

Mass flow of air =Air flow Rota meter reading in LPM/(1000×60) 
 

=0.5/(1000×60) m3/s 
 

=8.333E10-6 m3/sec 
 

Velocity of air =mass flow rate of air/Area of burner (m3/sec) 
 

=8.33E10-6/1.9637E10-6 

 

=0.4243m/sec 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Results:  

    The semi cone angle of the premixed flame was found to -----degrees and hence the burning velocity was 

calculated to be ----------------------------------------- m/sec. 
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Study of the Flame Lift-Up and Fall-Back Phenomenon 

for Varied Air-Fuel Ratio 

Aim 

To study the phenomena of flame lift-up and fall-back in a laboratory combustor setup 

by varying the air-fuel ratio, and to understand the conditions under which the flame 

stabilizes, lifts off, or falls back. 

Apparatus Required 

• Laboratory-scale premixed or partially premixed gas burner 

 

• Air supply with flow control (rotameter or mass flow controller) 

 

• Fuel supply (e.g., LPG or methane) with flow control 

 

• Transparent combustion chamber or test section 

 

• Flame visualization setup (UV sensor or camera or visual inspection window) 

 

• Ignition system 

 

• Manometer or pressure gauge (optional) 

 

• Infrared thermometer (optional) 

 

3. Theory 
In gas turbine and aircraft propulsion systems, flame stability is crucial for efficient 

and safe combustion. Two important flame instability phenomena are: 

Flame Lift-Up: The flame moves away from the burner nozzle and detaches at high 

airflow velocities or lean mixtures. This can lead to flame blow-off or incomplete 

combustion. 

Flame Fall-Back: Occurs when the flame moves toward the burner or upstream into 

the premixing zone due to low air velocities or overly rich mixtures. This can cause 

damage to the burner or backfire. 
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These phenomena are influenced by the air-fuel ratio (AFR), which determines the 

equivalence ratio (ϕ): 

 
 

 

 
 

The velocity of the incoming flow and the laminar flame speed determine the flame's position. 

If the flow velocity exceeds the flame speed, the flame lifts. If it's too low, the flame may fall back. 

 

Procedure 

• Ensure safety protocols are followed. Check all connections and ventilation. 

• Set up the burner with proper air and fuel lines connected and leak-checked. 

• Ignite the flame using the ignition system at a safe air-fuel ratio. 

• Gradually increase the air flow rate, keeping fuel flow constant. Observe and 

record: 

o Flame appearance 

o Flame position (anchored, lifted, or blown off) 
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• Reduce the air flow and increase fuel to make the mixture richer. Observe 

and record: 

o Any fall-back of flame 

o Changes in flame stability 

• Vary the air-fuel ratio systematically and record corresponding flame 

behaviors. 

• Shut down the system safely after observations. 

 
S. 

No 

Fuel Flow Rate 

(LPM) 

Air Flow Rate 

(LPM) 

Equivalence Ratio 

(ϕ) 

Flame 

Behavior 
Remarks 

1    Anchored  

2    Lifted up  

3    Fall-back  

 

Result 

The flame was observed to lift up at high air-fuel ratios (lean mixtures) and fall back at low 

air-fuel ratios (rich mixtures).The critical values of air-fuel ratio for lift-up and fall-back 

were identified. 
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Performance Studies on a Scaled Jet Engine 

Aim 

To evaluate the performance characteristics of a scaled-down turbojet engine through 

experimental measurements and analysis, focusing on parameters such as thrust, fuel 

consumption, exhaust temperature, and specific fuel consumption (SFC). 

Apparatus Required 

• Scaled Turbojet Engine Test Rig (e.g., JetCat or equivalent) 

• Fuel supply system (usually kerosene or Jet A1) 

• Air intake with flow conditioning 

• Thrust measurement system (load cell or thrust stand) 

• RPM sensor (optical or Hall-effect) 

• Thermocouples  

• Pressure sensors 

• Data acquisition system or manual measurement instruments 

Theory 

A turbojet engine works on the principle of Newton’s third law, generating thrust by 

accelerating a mass of air and fuel through the combustion process and exhausting it at high 

speed. 

The basic thermal cycle is based on the Brayton cycle, involving: 

1. Isentropic compression in the compressor 

2. Constant-pressure heat addition in the combustion chamber 

3. Isentropic expansion in the turbine 

4. Jet acceleration in the nozzle 
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The key performance parameters include: 

 

 

Procedure 

• Ensure the test rig is securely mounted and all safety protocols are in place. 

• Connect all measurement sensors: thrust, temperature, pressure, and RPM. 

• Prime the fuel line and perform pre-start checks. 

• Start the engine using the electric starter and stabilize at idle RPM. 

• Gradually increase the throttle in steps (e.g., 50%, 75%, 100% RPM). 

• At each step, record: 

o RPM 

o Thrust (N) 

o Inlet and Exhaust Temperatures (°C) 

o Fuel Flow Rate (mL/min or kg/s) 

o Inlet and Exit Pressures (Pa) 

• Allow the engine to cool down after the test. 

• Shut off fuel, disconnect sensors, and clean the test area. 
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S. 

No 

RPM 

(%) 

Thrust 

(N) 

Fuel Flow 

Rate (g/s) 

Tinlet 

(°C) 

Texit 

(°C) 

SFC 

(g/N·s) 

Remarks 

1 
       

2 
       

3 
       

4        

5        

 

Calculations 

• Convert all temperatures to Kelvin. 

• Calculate Specific Fuel Consumption at different thrust values. 

• Estimate thermal efficiency using calorific value of fuel. 

• Plot Thrust vs RPM and SFC vs RPM graphs. 

 

Result 

• The thrust output and fuel consumption were measured at different throttle settings. 

• The optimum RPM and minimum SFC were determined. 

• The engine's thermal performance under scaled conditions was analyzed. 
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Study of Fuel Injection Characteristics 

Aim 

To study the fuel injection characteristics in a gas turbine engine combustion system by 

analyzing parameters such as spray cone angle, droplet size, atomization quality, and 

penetration length under varying injection pressures and nozzle configurations. 

Apparatus Required 

• Fuel injection test rig or spray test chamber 

• Fuel injector (pressure swirl, air blast, or pintle-type) 

• High-speed camera or shadowgraph imaging system (for spray visualization) 

• Laser diffraction or Phase Doppler Particle Analyzer (PDPA) (if available, for droplet 

sizing) 

• Graduated scale or calibrated screen for spray pattern analysis 

• Pressure gauge and regulator 

• Fuel tank and delivery system (Diesel/Kerosene/Jet A1) 

• Safety equipment: gloves, fire extinguisher, fume extraction 

Theory 

Efficient combustion in aircraft engines requires fine atomization of fuel, ensuring better 

mixing with air and rapid evaporation. Fuel injection systems are designed to: 

• Produce uniform spray patterns 

• Generate small droplets (improving evaporation) 

• Control flow rate and spray penetration 

• Adapt to varying pressure and altitude conditions 

1. Spray Cone Angle (θ) 

The angular spread of the fuel spray, which affects the combustion chamber coverage and 

air-fuel mixing. 

2. Sauter Mean Diameter (SMD) 

A measure of the average droplet size, balancing surface area and volume: 

 

Smaller SMD leads to better atomization and faster combustion. 
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3. Spray Penetration (L) 

The axial distance reached by the fuel jet from the nozzle tip. Excessive penetration can lead 

to wall wetting and poor combustion. 

The injection characteristics depend on: 

• Fuel injection pressure 

• Nozzle design (orifice size, swirl angle) 

• Ambient air conditions (pressure, temperature) 

 

Procedure 

• Ensure the spray chamber is clean, ventilated, and properly illuminated. 

• Fill the fuel reservoir with test fuel and remove air from lines. 

• Mount the injector in the vertical or horizontal position for visualization. 

• Adjust the fuel pressure using the regulator (e.g., 2 to 10 bar). 

• Activate the injector briefly and capture the spray using: 

1. High-speed imaging for cone angle and penetration length 

2. Laser diffraction or PDPA (if available) for droplet size 

• Repeat the test for different pressures and nozzle configurations. 

• Record all observations and measurements. 

• Clean the equipment and shut down the system safely. 

 

Sl. 

No. 

Injection 

Pressure (bar) 

Spray Cone 

Angle (°) 

Penetration 

Length (mm) 

Mean Droplet 

Diameter (µm) 
Remarks 

1 
     

2 
     

3 
     

4      

5      
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Calculations 

• Calculate SMD (if droplet sizing data is available). 

• Determine the variation of cone angle and penetration length with pressure. 

• Plot: 

o Spray Cone Angle vs. Injection Pressure 

o Droplet Size vs. Injection Pressure 

o Penetration Length vs. Time (if time-resolved data available) 

Result 

Fuel injection characteristics such as spray angle, droplet size, and penetration were 

successfully measured. Increasing injection pressure led to wider cone angles and finer 

atomization. Data supports the design requirements for efficient atomization in gas turbine 

combustion chambers. 
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Flame Lift-Up and Fall-Back Phenomenon for Varied Air-Fuel Ratio 
1. What is meant by flame lift-up and fall-back? 

2. How does air-fuel ratio affect flame stability? 

3. What is the difference between premixed and diffusion flames? 

4. What are the practical implications of flame instability in aircraft engines? 

5. Why is it important to maintain a proper air-fuel ratio in combustion chambers? 
 

Performance Studies on a Scaled Jet Engine 

1. What is the working principle of a turbojet engine? 

2. Define thrust and specific fuel consumption. 

3. What is the importance of SFC in aircraft engines? 

4. How does RPM affect thrust in a turbojet engine? 

5. What are the limitations of scaled-down engine testing? 
 

Study of Fuel Injection Characteristics 
1. Why is atomization important in aircraft engine combustion? 
2. What factors affect spray cone angle and droplet size? 
3. Define Sauter Mean Diameter and explain its significance. 
4. How does injection pressure affect fuel spray characteristics? 
5. What is the difference between air-blast and pressure-swirl injectors? 

 
 


