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ABSTRACT
In Thermal Power Station to raise all efficiency related issues, there are problems to be lit up. For an unendingly 

working plant there is remarkable warmth temperature differentiate in warm exchange process. If the large amount of 
warmth produced during the process cycle is not effectively used it may affect the overall plant efficiency and raises its 
related problems. More seriously, the exhaust steam from the turbine is about 120°C. The part of heat is equal to 37% of 
heating load. High temperature is removed as waste heat through condenser. In light of the circumstance, this paper 
incorporates an application called Autoclave (disposal of medical waste) to proper utilization of waste heat by forming 
coal cogeneration using countercurrent flow through heat exchanger. Compared with the existing system, the above 
mentioned system runs with a greater beneficial network to utilize energy effectively by designing and analyzing an 
appropriate heat exchanger that is required for the circuit.
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1. Introduction
From the law of conservation of Energy can neither be created nor destroyed; it can only be re-born from one form to another 
the other form. The output of the efficiency depends on the amount of energy that is been effectively utilized. Energy output 
cannot be exceeding the input this is said from the law of conservation of energy. The thermal efficiency should be in the range 
between 0 to 100 percent. Efficiency is typically less than 100% because there are some major losses in the working style of 
the machinery such as wear, tear, friction and heat loss. For example, a large coal-fired plant has an overall plant running 
efficiency of only 40 percent. The Output of energy is always lower than the input energy is shown in Figure 1.
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Figure 1: Output energy is always lower than the input energy

A Thermal power plant burns coal to produce steam which runs a turbine-generator to generate electricity. We studied the 
operation of the power plant in Chennai and found that there is a major heat loss from the condenser.                    This reduces the 
efficiency of heat utilization from the burned coal. Our work focused on the improvement to decrease the loss in warmth transfer 
and to effectively utilize the warmth for further reuse. We have also discovered an effective utilization of warmth that has been left 
out from the turbine to a process called Autoclave. With continuous working of large coal-fired thermal power plant with more 
than 60 per cent loss in efficiency leads to improper utilization of coal burning in furnace. Major heat loss happens during the 
energy conversion process in thermal power plant. This improper energy conversion in thermal power plant may also increase the 
environmental pollution. The pie chart for heat loss in thermal power plant is shown in Figure 2.
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Figure 2: Pie chart for heat loss in thermal power plant

A system has been developed for absorption heat exchanger to utilize flue gas waste heat [1]. Absorption heat exchanger units are 
set up in thermal station to lower temperature of water in heat network to about 20ºC. Here a new technique is developed to 
recover a bit more heat energy for the cogeneration plant applications. The various parts in gas cogeneration plant where the 
heating network loses its tendency to transport the heat [2]. The utilizing heat load efficiency for cogeneration process from 
43.57% to 60.27% at same operating conditions. It also reduces gas consumption 19.4 million Nm3/year [3].
The reason to select a thermal power plant for analyzing of waste heat generated includes the following reasons; Thermal power 
plant operates with major loss in efficiency to about 60 per cent.
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A type of system for coal-fired boiler is reduced exhaust flue gas temperature to 60-70ºC and recycles waste heat in the flue gas 
to heat the return water [4]. It utilized plate heat exchangers and absorption heat pump systems to heat return water, which 
helps to improve the heating efficiency.
The most economical exit flue gas temperature is 40-55ºC, studied the law of heat transfer with water vapor condensation both 

theoretically and experimentally when wet flue gas passes downwards through a bank of horizontal tubes and obtained the 
normalized formula for convention-condensation heat transfer coefficient based on the experimental data [5] [6]..   
           The objectives of this research work are to utilize waste heat that is liberated to atmospheric air. To maximize the overall 
efficiency of coal-fired thermal power plant form 38% to 63.37% through cogeneration process. To increase input power for 
combined heat and power cycle. Furthermore is increases availability in disposal of medical waste by integrating thermal 
power plant and Autoclave medical disposal method. The scope of the Project are for valuing the coal burned in the boiler is 
increased and to encourage Cogeneration plant (CHP) in Coal fired Thermal Power Plant and to reduce cost involved in 
building a separate medical disposal industry.

2 Methodology

2.1 Problem Identification

The Schmatic view of Problem identification is shown in Figure 3.

Figure 3: Schmatic view of Problem identification

The problem we identified with the condenser is as follows,
1. Even though condenser helps in phase change of steam to water it reduces the overall value for the coal burning.
2. During phase change a range of 60-75°C is wasted as non reusable waste heat to sea.
3. Change of phase in condenser is a necessary thing to do for a thermal power station but this should be effectively utilized 

through cogeneration.
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2.2 Problem Diagnosis:

1. To implement a cogeneration plant.
2. By inserting an effective heat exchanger before the condenser to extract as much heat that can be drawn from it.
3. By selecting the effective fluid flow model suitable for this type of application.

3.3 Design of Heat Exchanger

Application: AUTOCLAVE
It is a medical disposal method, by which hot water is used to treat the medical waste such as injections, needles etc. The 
systematic representation of input data is shown in Figure 4.

Ci = 35°C
m=359.84Kg/s

Hi=90°C

m=513.8Kg/s
Ho=63.4°C

Co=73.5°C

Figure 4: Systematic representation of input data

Determination of cold water out and mass flow rate:
For cold medium:
mh (Hi-Ho) = mc (Co-Ci)
513.88(90-63.4) = 359.84(Co-35)
Co=73.5°C
(mCp)(Hi-Ho) = (mCp)(Co-Ci) (1850*1000/3600)Kg/s(90-63.4)C = m(73.5-35)C mc=359.84Kg/s
Bundles selected
Staggered Type tubes arrangement is shown in Figure 5. 

Figure 5: Staggered type tube bundles
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LMTD Method
Delta T1= Hi-Co = 289.5K
Delta T2 = Ho-Ci = 301.04K
Delta Tm = Delta T2 - Delta T1 / Ln (Delta T2 /
DeltaT1)
Delta Tm = 21.7°C

Required heat transfer
Qc=mCp(Co-Ci)

=359.84Kg/s*4185J/KgK*(346.5-308)
Qc=57978.3KW.

Factor of safety=0.5

Picking Dimensions:
Diameter of tube (D) =50mm
Longitudinal Pitch (SL) = 69mm
Transverse Pitch (ST) = 69mm
Diagonal Pitch (SD) = ˩ (SL2 +(ST/2)2 (SD) = 77.14mm
Width =ST (N+2)

W =0.69m
Choose BF =2/3W =0.5m

Flow area = BF * W = 0.46 * 0.69 =0.3174m2

V˳=  m / Pa = 359.84 / (1000*0.3174)
=1.133m/s

Vmax = ST / (ST-D) V˳
=4.114m/s

Reynolds Number = p * Vmax * D / ȗ =563500

Nusselt Number =C2*1.13*C1*Re*Pr(1/3)
C1 = 0.518  (by referring HMTDB

Pg:123)
C2 = 0.89
NuD = 1082

Heat transfer coefficient inside the tube hi = NuD*Ke/D
hi = 1082*0.668/0.05
hi = 14455052W/m2K.

Heat transfer coefficient outside the tube Vm tube = m / p * A * N
=  8.1786 m/s.
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Reynolds number =pw*Vm*0.05/446.8*10-6 = 915240.

NuD =0.023 Re (4 / 5) Pr
= 1879.71

ho = NuD*K/D
= 1879.71*0.650/0.05 ho = 24436.23W/m2K.

Overall heat transfer coefficient:

Assume
Do = Di
Ao = Ai
No Fouling

1 / UA = 1 / HoA + 1 / HiA
U = ho + hi
U = 14455052 + 24436 .23

Overall heat transfer coefficient
U = 38891.75W/m2K

Determining the required Number of Baffles:
m = (L/BF) – 1

= (2/0.5) -1 m = 3

Pump Required:
q = 1440 m3 / hr p = 1000 Kg / m3 g = 9.8 n = 20
ȵ = 0 .6

Hydraulic power =q * p * g * h / (3600000)
= 78.48 Kw

Horse power = 78.48 / 0.746
= 105.24 hp.

3. Data analysis and interpretations:

Required heat transfer duty = 57978.3Kw
Over all Heat transfer coefficient = 38.98Kw/m2K
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3.1 Fluids:

Medium Steam Water

Volumetric flow M3/hr 4.114 8.178
rate

Density Kg/m3 0.7 1000

Inlet C 90 35
temperature

Specific heat Cp Kj/KgK 2.0476 4160

4 Results and discussion

Exchanger Data:
Number of Shells in Series = 1

4.1 Calculation Result:

Shell side Tube side

Fluid Cold fluid Hot fluid

Medium Water Steam

Flow rate M3/s 8.178 4.114

Density Kg/m3 1000 0.7

Mass    flow Kg/s 359.84 513.88
rate

Specific heat jKg-1K-1 4160 2.0476

Inlet C 35 90
temperature

Outlet C 73.5 63.04
temperature

International Journal of Pure and Applied Mathematics Special Issue

2037



4.2 Shell and tube side:

Fluids Cold fluid Hot fluid

Number of pass 1 1

Fig 4 .3 number of pass for fluids

4.45 Creo design
The creo design is shown in Figure 6.

Figure 6:  Creo Design

The above shell and tube heat exchanger design has been made in creo modeling software. This design is modeled with all the 
theoretical calculations. All the theoretical calculations satisfy that creo modeling software. The material 
choosing for this type of heat exchangers  doesn’t  really  matters.  For  example  the material used in tube side for effective 
exchange rate that  happens  with both thin  insulating  material  and also with thick plated copper material since these two types  
of  material  usage  does  not  changes  the  heat transfer rate. The outside shell requires only insulating material since heat 
should not be transferred to outside environment.
          The different View of Heat Exchanger are shown in Figure 7.

Figure 7: Different View of Heat Exchanger
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The above shell and tube heat exchanger design has been made in creo modeling software. This design is modeled with all the 
theoretical calculations. All the theoretical calculations satisfy that creo modeling software. The material 
choosing for this type of heat exchangers doesn’t really matters.  For example the material used in tube side for effective 
exchange rate that  happens  with both thin  insulating  material  and also with thick plated copper material since these two types  
of  material  usage  does  not  changes  the  heat transfer rate. The outside shell requires only insulating material since heat 
should not be transferred to outside environment.

5 Conclusion

This paper ends up with a positive implementation of cogeneration plant in coal-fired thermal power plant with an integrated
medical disposal method called Autoclave. The wasted warmth in thermal power plant  will  be  effectively  utilized  

with  Autoclave  process. This implementation also increases the overall coal- fired thermal power plant from 38 percent to 
63.37 percent.

References:

[1] Wang Suilin, Liu Guichang, Wen Zhi,et al. Warmth exchange execution of gathering pipe warm exchangers with 
anticorrosion films[J] .HA&VC, 2005, 35 (2).

[2] Seungro Lee, Sung-Min Kum, Chang-Eon Lee. Exhibitions of a warmth exchanger and pilot evaporator for the 
improvement of a gathering gas heater [J]. Vitality, 36 (2011)

[3] Defu Che, Yanhua Liu, Chunyang Gao. Assessment of retrofitting a traditional flammable gas let go heater into a 
consolidating boiler[J]. Vitality change and administration, volume 45, Issue 20, December 2004.

[4] Defu Che, Yaodong Da, Zhengning Zhuang. Warmth and mass exchange attributes of reproduced high dampness vent gases 
[J]. Warmth Mass Transfer (2005)

[5] Yongbin Liang, Defu Che, Yanbin Kang. Impact of vapor buildup on constrained convection warm exchange of dampened 
gas [J]. Warmth Mass Transfer (2007).

[6] A.E. Jones, Thermal outline of the shell and tube, Chem. Eng. 109 (2002)

International Journal of Pure and Applied Mathematics Special Issue

2039



2040


