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1. Line Diagram of Test Set up 
Draw the line diagram of the experimental set up, label important components. Also indicate the location of 

different test parameters 

 

 

 

 

 

 

 

 

 

2. Schematic Diagram of the Cooling Tower 
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3. Data Sheet 

A. Physical Dimension: 

I. Cooling Tower: 

a. Length,  L = 2.00 m 

b. Breadth,  b = 1.88 m 

c. Height,   h = 2.61 m 

Fill material of the cooling tower:  __________________ 

II. Air Duct:  

a. Duct Dia,  dd = 0.482 m 

b. Orifice Dia,  da = 0.216 m  

III. Water Pipe:  

a. Pipe Dia,  dp = 0.076 m 

b. Orifice Dia,  dw = 0.032 m  

B. Ambient Condition: 

I. Atmospheric Pressure,   P =  ______________mm of Hg =  ____________kPa 

  

II. Dry Bulb Temperature,   TDB, i =   ___________ C 

III. Wet Bulb Temperature,   TWB, i =  ___________C 

 

C. Operating Condition during Experiment: 

No. of 

Obs. 

Water Flow Data Air Flow Data 

HHg (mm) Tw, i (C) Tw, o (C) Hw (mm) TDB, o (C) TWB, o (C) 

1       

2       

3       

4       

5       
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4. Calculation Sheet 

No of Observations 1 2 3 4 5 

Density of Air,  (kg/m3)      

Mass Flow Rate of Air, ma (kg/s)      

Mass Flow Rate of Water, mw (kg/s)      

Water Air Ratio, mw/ ma      

Specific Humidity of Inlet Air, i  (kg water vapor/kg 

of dry Air), corresponding to (TDB, i, TWB, i) 
     

Specific Humidity of Outlet Air, o (kg water vapor/kg 

of dry Air) corresponding to (TDB, o, TWB, o) 
     

( kg water vapor/kg of dry Air)      

Make-up Water (kg/s)      

% Make-up      

Actual Cooling Range, RA (C)      

Theoretical Cooling Range, RT (C)      

Cooling Efficiency      

Heat Content of Incoming Hot Water (kW)         

Heat Content of Outgoing Cold Water (kW)      

Heat Content of Dry Inlet Air (kW)      

Heat Content of water vapor in air at Inlet (kW)      

Heat Content of Dry Air at Outlet (kW)      

Heat Content of water vapor in air at Outlet (kW)      

Unaccounted Heat (kW)      
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5. Equations Used for Calculation of various test parameters 

Sl. Test Parameter Equation Nomenclature 

1.  Density of Air 

(kg/m3) 
iDB

a
RT

P

,

  
R: Universal Gas Constant= 287 Jkg-1K-1 

TDB,i = Dry Bulb Temperature at 

ambient/inlet condition 

2. Velocity of Air @ 

Orifice (m/s) 




























4

1

2

d

a

air
a

d

d

Hg
V

 Hw: Equivalent Air Column Height 

corresponding to the manometric deflection 

of air orifice meter  

3. Mass Flow Rate of 

Air, ma (kg/s) aaadaaaoda VdCVACm 


 







 2

,
4

 
Cd: Co-efficient of Discharge of Air Orifice 

meter (0.6) 

4. Velocity of Water 

@ Orifice (m/s) 
































4

1

2

p

w

water
w

d

d

Hg
V

 Hwater: Equivalent Water Column Height 

corresponding to the manometric deflection 

of water orifice meter  

5. Mass Flow Rate of 

Water, mw (kg/s) wwwdwwwodw VdCVACm 


 







 2

,
4

 
Cd: Co-efficient of Discharge of Water 

Orifice meter (0.6) 

6. Water Air Ratio 
aw mm   

7. Make Up Water 

(kg/s)  
 ioaaupmake mmm     

8. % Make Up 
%100

w

upmake

m

m
 

 

9. Actual Cooling 

Range, RA (C) 
 owiwA TTR ,,    

10. Theoretical Cooling 

Range, RT (C) 
 iWBiwT TTR ,,    

11. Cooling Efficiency 
%100

T

A
c

R

R
  

 

12. Heat of Incoming 

Hot Water (kW) 
iwwiW hmH ,,   hw, i: Enthalpy of incoming  hot water 

(Assume saturated water at Tw,i)   

13. Heat of Outgoing 

Cold Water (kW) 
owwoW hmH ,,   hw, o: Enthalpy of outgoing cold water 

(Assume saturated water at Tw,o)   

14. Enthalpy of Dry Air  

at inlet (kW) 
 iDBaiaaia TmhmH ,,,

005.1   

15. Enthalpy of water 

vapor in air  at 

inlet(kW) 

 iDBiawwiw TmhmH 86.12500,     

16. Enthalpy of Dry Air  

at outlet (kW) 
 oDBaoaaoa TmhmH ,,,

005.1   

17. Enthalpy of water 

vapor in air  at 

outlet(kW) 

 oDBoaowwow TmhmH ,,, 86.12500 
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6. Modular Cooling Tower 

Draw the line diagram of the modular cooling tower in the lab and label important 

components.  

 

 
Modular Cooling Tower 

 
Fan Motor 

 
Distributor System and Fill Material 
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7. Results and Discussion 

I. Plot Cooling Efficiency and % Make-Up water against water –air ratio in plain 

graph. 

II. Analyze the process data and obtained results and write a comprehensive discussion 

on construction and performance of cooling tower. 
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EXPERIMENT NO. 02 

STUDY OF A BOILER 

 

1.  Write down the specification of the fire tube boiler studied. 

 Brand Name:         Model: 

 Country of Make:        No of Tubes: 

 Maximum working pressure:       Safety valve pressure settings: 

 Type of Burner:        Fuel/fuels used: 

 Capacity:__________kg/h,_________Ton                No of Pass: 

 

2. Identify different mountings & accessories on the boiler photograph shown: 

 

 

 1-      2-      3-  

 

4-      5-      6- 
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5-       6-    

  

7-       8- 

 

3. Define tonnage rating of a Boiler.  

 

 

 

4. Briefly state the control mechanism of maintaining the water level in a boiler. 
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5. a) Draw a line diagram of the water flow circuit which includes the water treatment 

plant.  

 

 

 

 

 

 

 

 

 

 b) List the parameters that are controlled by water treatment system- 

 

  

6.  Draw the fuel flow circuit showing both the gas and liquid fuel options. 

 

 

 

 

 

 

 

 

 

 

Page 11 of 31 



7. Briefly state air and fuel flow conditions for Purging, Pilot flame and main flame. 

 

 

 

 

 

 

 

8. Briefly state the functions and pressures setting of safety valve. 

 

 

 

 

 

 

9. Define Hydraulic test of a boiler. 
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10. Study the thermal balance of the boiler. 

 

a)  Equations for Thermal heat balance are as follows: 

Qin+Qfeedwater= Qsteam+ Qexhaust+ Qunaccounted 

Consider, 

[
𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠 = 38 𝑀𝐽 𝑁𝑚3⁄

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠 = 0.67 𝑘𝑔 𝑁𝑚3⁄
] 

 

  Qin = Qfuel = �̇�𝑓𝑢𝑒𝑙 × HHV of fuel (Natural Gas), 󠇠 where �̇�𝑓𝑢𝑒𝑙 × ρfuel = �̇�𝑓𝑢𝑒𝑙  

            = 

            = 

  Qsteam = �̇�𝑠𝑡𝑒𝑎𝑚 × hsteam (Steam at 10° of superheating) 

            = 

            = 

Qfeedwater = �̇�feedwater × hfeedwater at inlet temp. 

   = 

  = 
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Considering �̇�feedwater = �̇�𝑠𝑡𝑒𝑎𝑚 

Qexhaust = �̇�exhaust × Cp × ΔTexhaust  

Where, Cp = Cp of air at exhaust temp (Troom and Texhaust is measured) 

 �̇�exhaust = Achimney × ρexhaust × Vexhaust = �̇�𝑓𝑢𝑒𝑙 + �̇�𝑎𝑖𝑟  

 AF for Natural Gas (mainly CH4) 󠇠≈ 󠇠17.2 󠇠Kg 󠇠of 󠇠Air/Kg 󠇠of 󠇠NG 󠇠 

�̇�𝑎𝑖𝑟  = �̇�𝑓𝑢𝑒𝑙× AFNG × %Excess Air   

So, 

�̇�exhaust = (17.2× 1.2 +1) × �̇�𝑓𝑢𝑒𝑙 , (Consider 20% excess air) 

 = 

 = 

 Hence, Qexhaust =  

 

 And Qunaccounted =  

 

 b) Efficiency of the boiler 

𝜂𝑏𝑜𝑖𝑙𝑒𝑟 =
�̇�𝑠𝑡𝑒𝑎𝑚(ℎ 𝑠𝑡𝑒𝑎𝑚 − ℎ𝑤𝑎𝑡𝑒𝑟)

�̇�𝑓𝑢𝑒𝑙 × 𝐻𝐻𝑉𝑓𝑢𝑒𝑙
× 100% 

         = 

         = 

 

Here, _________ % of input heat is used in making steam, _________ % is lost with 

exhaust and _________ % for unaccountable loss. 

 

 c) Equivalent Steam Rate = 
�̇�𝑠𝑡𝑒𝑎𝑚(ℎ𝑠𝑡𝑒𝑎𝑚−ℎ𝑓𝑒𝑒𝑑𝑤𝑎𝑡𝑒𝑟)

2257
 , Where h in kj/kg 

       = 

      = 
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11. Discussion: 
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 Experiment no.: 03

Study and Performance Test of a Refrigeration Unit 

 

Objectives: 

 

 

 

 

 

 

 

Apparatus: 

 

 

 

 

Specifications: 

1. Model  

2. Type of refrigerants  

3. Power input  

4. Compressor side maximum pressure  

5. Suction side minimum pressure  

6. Type of transducer used for measuring 

temperature 

 

7. Compressor  

8. Sub-cooling availability  

9. Super heating availability  
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P-h Diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Enthalpy of the refrigerant at different state 

State point Temperature (℃) Enthalpy (kJ/Kg) 

1 
  

  

2 
  

  

3 
  

  

4 
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Table 2: Flow rate data of Refrigerant and water 

 

No. 

Of  

Obs. 

Refrigerant Water 

Flow rate Suction 

Specific 

Volume 

(m3/kg) 

Flow 

Rate 

(kg/s) 

Temperature 

L/min Kg/hr 
Inlet 

(℃) 

Outlet 

(℃) 

1       

2       

 

 

Table 3: Results 

 

No. 

of 

Obs. 

Volumetric 

Efficiency 

Ƞv (%) 

Heat rejection 

capacity 

Refri. 

Effect 

(kW) 

Coefficient 

Of 

Performance 

(COP) 

kW/Ton 
Based 

on 

Cooling 

Water 

(kW) 

Based on 

Enthalpy 

of 

Refrigerant 

(kW) 

1      

 

2      
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Sample Calculation: 

For observation no. -  

The total cylinder displacement volume = 2.57x10-4 m3 

Specific heat of water = 4.187 kJ/Kg℃ 

Flow rate of refrigerant, mr =  

 

 

Flow rate of water, mw =  

 

 

Specific volume of refrigerant, vr =  

 

Compressor speed, n =  

 

Displacement volume, Vp = 2.57x10-4 m3 

 

Volumetric efficiency of compressor, 

Ƞv =  
𝑚𝑟 ∗ 𝑣𝑟

60 ∗ 𝑛 ∗ 𝑉𝑝
 

 

 

 

 

Heat rejection capacity of the compressor: 

a) Based on heat extracted by condenser cooling water, 

Qc = Cw*mw*(T8-T7) 
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b) Based on enthalpy of refrigerant, 

Q𝐶 =  
𝑚𝑟 ∗ (ℎ2 − ℎ3)

3600
 

 

 

 

 

Refrigeration Effect 

Q𝐸 =  
𝑚𝑟 ∗ (ℎ1 − ℎ4)

3600
 

 

 

 

 

Coefficient of Performance 

COP =  
ℎ1 − ℎ4

ℎ2 − ℎ1
 

 

 

 

 

 

kW
𝑡𝑜𝑛⁄ =  

𝑊𝑎𝑡𝑡𝑚𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔

𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑒𝑐𝑡 𝑖𝑛 𝑡𝑜𝑛
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Questions and Answers: 
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Discussion: 
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EXPERIMENT 4: STUDY OF GAS TURBINE SYSTEMS

a) Study of a Rover Gas Turbine

b) Study of an Turbo Jet Engine of an Aircraft

c) Performance Test of Gilkes (GT85-2) Two Shaft Gas Turbine at Constant Load

EXPERIMENT 4(a): STUDY OF A ROVER GAS TURBINE

Objectives:

1) To Study the assembled Rover gas turbine and to identify different components

2) To draw a schematic of the combustion chamber and

3) To identify the following systems with suitable block diagrams 

 Air intake system to the turbine  

 Fuel supply system 

i.

ii.

  

 

                      Fig. Different Components of a Rover Gas Turbine Engine 
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EXPERIMENT 4(b): STUDY OF A TURBO JET ENGINE

Objectives:

1) To collect specifications of the jet engine and identify why it was used

2) To become familiar with different components of the Turbo Jet Engine

3) To draw a schematic of the system

4) To draw a schematic of a combustion chamber

5) To check the following:

i. Are the compressor and turbine on the same shaft? 

ii. Is the compressor radial flow type or axial flow type? 

iii. How many stages are there in the compressor and turbine? 

iv. How many moving blades are there at the final stage of the tu rbine? 

v. Mention the numbers of the combustion chambers, spark plug and fuel 

injectors in the system. 

vi. Take out a blade from the turbine on your own and fix it. 

vii. How is a Jet engine different from a Gas Turbine? 

 

 

 

 

 

 Fig.01: Turbo Jet Engine 
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Other Types of Jet Engine: 

 

 

 

 

 

 

 

 

 

 

                                                              Fig.02: Turbo Fan Jet Engine  

 

 

 

 

 

 

                   Fig.03: Turbo Prop Jet Engine 
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Discussion: 
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Experiment 4(c) Performance Test of Gilkes Two Shaft Gas Turbine at 

Constant Load 

Objectives: 

(1)  To become familiar with different components of the system. 

(2)  To draw a schematic of the system. 

(3)  To calculate different performance parameters of the system. 

 

 

Fig. Experimental Setup of Gilkes Two-Shaft Gas Turbine 

Technical Data: 
Working Fuel    -- Kerosene 

Starting Fuel     -- Methanol 

Compression ratio       --  2.2:1 

Gas generator speed    --  50,000 to 90,000 rpm 

Power Turbine speed range       --  5,000 to 40,000 rpm 

Power turbine power output      --  6 to 7 kW at 40,000 rpm 

Optimal overall thermal efficiency      --  4.3% 

Maximum System Temperature          --  700°C 
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OPERATION OF GAS TURBINE (GT 85-2) 

The following sequence of operations should be used to start the gas turbine: 

Warm-Up: 

a) Turn on the cooling water valves. 

b) Ensure that the fuel valve is closed and load control valve is in minimum position. 

c) Switch on the electrical power supply. 

d) Press the "START OIL" button. This starts the lubricating oil pump. 

e) When the oil pressure becomes normal (3 bar), Press and release the "LOW OIL 

PRESSURE" button. It should switch off. 

f) Press the "STOP button to switch on the fans. This is used to warm up the system to 

T3b = 35 °C. 

g) Release the "STOP" button (turn it clockwise) and ensure that all fans are stopped. If 

the fans continue to run, press and release the "FANS OFF" button. 

Starting: 

a) Make 5 turns of the fuel valve (Counter clockwise). 

b) Ensure that the main fuel valve inside the cabinet is closed and the Dynamometer 

loading is set to minimum. 

c) Press and hold "COLD START" button. Simultaneously press and hold the 

"IGNITION" and "ALCOHOL" buttons. 

d) Release the "ALCOHOL" button after 2 or 3 seconds. Release the "COLD START" 

button after 30 sec (One fan will start automatically), continue to press "IGNITION" 

button. (Pressing the ALCOHOL button releases the primary fuel). 

e) Observe the temperature rise in T3b (If the temp does not rise or rises too slowly then 

again press ALCOHOL button for 2 or 3 seconds and release). 

f) When T3b ≈ 100 °C, release the "IGNITION" button and press "START FUEL" 

button. 

g) The GT will now run with main fuel (Kerosene) at N1= 48000 ~ 50000 rpm. 

h) Increase the speed N1 to 50000 rpm by increasing fuel flow rate by opening the fuel 

valve counter clockwise and wait 1 min to become steady. 

i) Press and release the "FANS OFF" button. (Four fans will stop). 

Stopping: 

The following sequence of operations should be used to stop the gas turbine: 

a) Release the load to minimum position rotating the load control knob. 

b) Lower the speed N1 to 50000 rpm by decreasing fuel flow rate using the fuel valve. 

Allow the GT to run for 2 to 3 min in this speed. 

c) Depress the STOP button. (Four fans will start and fuel pump will stop). 

d) Allow the GT to cool down under the action of the fans (for 3 ~5 min). 

e) Release the STOP button. (Turn it clockwise). 

f) Switch off the Power supply. 

g) Switch off the Power supply. 

h) Close the water supply line (after 5 min). 
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EXPERIMENT 4 (c) PERFORMANCE TEST OF GILKES TWO SHAFT GAS TURBINE AT CONSTANT LOAD 

Data Table: 

Compressor-

Turbine Speed, N1 

(rpm) 

Fuel-

Flowrate,𝑉�̇� 

(Liter/hr) 

∆P 

(mbar) 

T1 

(ºC) 

T2 

(ºC) 

P2 

(bar) 

T3a 

(ºC) 

 T3c

(ºC) 

P3 

(bar) 

T4 

(ºC) 

P4 

(mbar) 

 
∆P4/5

(mbar)
 

 

T5 

(ºC) 

Power 

Turbine 

Speed, 

N2 (rpm) 

Load 

(N-m) 

               

               

               

Formulas: 

Mass flow rate of air is given by (kg/s), 

𝑚𝑎̇ √
𝑇1

𝑃1
 =0.9597√

∆𝑃

𝑃1
 

Air-Fuel ratio, 
𝐴

𝐹
=

𝑚𝑎𝑐̇

𝑚𝑓𝑐̇
 

 

 

𝑊𝑡! = (𝑚𝑎𝑐̇ + 𝑚𝑓𝑐̇

Theoretical power output from the compressor 
turbine (W),

̇ )𝐶𝑝𝑔(𝑇3 − 𝑇4) 

Corrected mass flow rate of air (kg/s) 

�̇�𝑎𝑐 = 𝑚𝑎̇̇
1.0133

𝑃𝑎

√
𝑇𝑎

288.16
 

Specific Fuel Consumption (g/kW-hr), 

𝑠𝑓𝑐 = 3.6 × 109
�̇�𝑓𝑐

𝑊𝑡2
 

Theoretical power output from the power turbine 

(W), 

𝑊𝑡2 = (𝑚𝑎𝑐̇ + 𝑚𝑓𝑐̇ )𝐶𝑝𝑔(𝑇4 − 𝑇5) 

Mass flow rate of fuel (kg/s), 

𝑚𝑓𝑐̇ =
𝑉�̇�

4500

1.0133

𝑃𝑎

√
288.16

𝑇𝑎
 

 

 

Theoretical power output from the compressor,

𝑊𝑐 = 𝑚�̇� 𝑐𝐶𝑝𝑎(𝑇2 − 𝑇1)
 

 

Overall Thermal Efficiency, 

𝜂𝑡ℎ =
𝑊𝑡2

44.3 × 106𝑚𝑓𝑐̇
 

       

          

Take, T1 = atmospheric temperature (ºC), P1 = Pa - (∆P/1000), ∆P is in mbar, Pa = atmospheric pressure (bar), Cpa = 1000 J/kg-K

Cpg=1150 J/kg-K 
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Discussion: 
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