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Abstract 

 

The main objective of this thesis was to design an incinerator which was fuelled by cow 

dung. The purpose of this study was to investigate if the designed incinerator can 

provide the heat needs of a medium size farm in the north of Iran. This project was 

conducted to study local energy sources accessible in a farm to cut the costs of fossil 

fuels in one hand and reduction of environmental impacts caused by use of those fuels 

in the other hand. The whole system was composed of heating elements inside the farm 

building and an incineration system to heat generation by combusting dry cow dung 

outside the farm building. The wet manure contained 40% moisture that should be 

dried by passing through two dryers in series before entering the incinerator. An 

appropriate water-tube boiler has been designed to boil water which condensed in a 

condenser so that the latent heat of steam has used for heating the building. A shell and 

tube heat exchanger has been designed for condensing the steam in the shell side and 

warming up water flow circulated through heating elements in the tube side. Therefore 

there are two water cycles one within the heat generation system and the other cycle 

through heating elements which are designed to exchange heat inside a condenser. 

About the dryers it is attempted to use recoverable heat of flue gas so that the heat 

required for the drying section is supplied by the stack of incinerator. As the result of 

the project, proposed system is evaluated in terms of heat balance and thermal 

efficiency. Calculation shows that the system is quite sufficient to supply heat needs of 

the farm and the theoretical thermal efficiency of the system is about 78%. 
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1. Introduction 

1.1 Background 

Vast pastures together with an appropriate climate have made the northern provinces 

of Iran as a region of high potential for developing industrial and traditional types of 

farming. Although farming is a good business for the local people, providing the energy 

carriers is not easy for the farmers. The narrow rural roads which are not suitable for 

heavy trucks, insufficient fuel pipeline and high price of oil are some of impediments to 

transport the energy carriers in this region. Therefore proposing an efficient heating 

system which is based on local biofuel might be a good solution to supply heat needs of 

the farms in this area. 

 

Animal dungs as an alternative fuel source has been used since a few decades in rural 

areas of the European countries. Embedded energy stored in animal waste can be 

released during a controlled combustion process which is called incineration. In rural 

areas of Iran animal manure has been used as a fuel for cooking and heating purposes 

for many years but in inefficient ways. The significant difference between efficient and 

inefficient method of animal manure incineration is the drying step before combustion; 

because considerable water content of cow dung decreases the flame temperature 

which caused lowering efficiency of combustion process. Therefore, feed drying can be 

an important step of feed preparation in an efficient manure incineration system. 

 

The benefits gained from manure incineration are considerable; the energy stored in 

animal dung is released and can be utilized to heat and electricity production. It also 

helps to reduce the odour in the surrounding zone of manure disposal. Moreover it 

caused reduction in carbon footprint. According to statistics [1] in the United States, the 

share of carbon dioxide emitted by manures was measured about 10% in 1997. By 

incinerating the manure, exploitation of fossil fuels in one hand and the amount of 

carbon dioxide emission in the other hand is reduced. It is also caused a reduction in the 

emission of methane and nitrous compounds. Recent study in Texas Agricultural 

Experiment Station revealed that co-firing coal plants with manure decreases the 

amount of nitrous oxide (NOX) production. [2] 
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The main idea of this thesis can be seen in Fig. 1. This sketch shows that embedded 

energy stored in the cow dung can be released through the combustion process. The 

main products of this process are; carbon dioxide, water vapour and heat. Generated 

heat is proposed to be used for heating of interior space of the farm building. 

Available embedded 

heat 

Heat demand of 

farm building 

Dry cow dung

Drying process

 

Fig. 1 Schematic of the thesis proposal 

 

 

The basic idea of the incinerator is originated from a practical project done in India to 

design a kitchen stove which was fueled by dry powdered cow dung [3]. A simple 

sketch of that stove designed by Kumar and Shende can be seen in Fig. 2. In their design 

powdered cow dung enters the stove while a fan blows air to the stove from the bottom 

side in order to fluidize the fuel for enhancement of combustion process. Fluidizing 

state of system prevents ash collection on the grate and also it forms a homogeneous 

flame. 
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Fig. 2 Kumar and Shende’s design [3] 

 

 In this thesis effort is focused on changing this stove into an incineration system to 

supply heat for interior space of a building.  

 

At the first sight it seems that direct heat obtained from a furnace can be an appropriate 

way to warm the building. But in this case a simple furnace causes low efficiency of the 

combustion process due to high moisture content of the wet cow dung. Therefore by 

adding a drying process before the combustion, thermal efficiency of the system will be 

increased. 

 

In order to have a uniform heat distribution inside the building, use of wall mounted 

heating elements can be a good suggestion. These heaters work with hot water. 

Therefore combustion heat produced in incinerator would be used to supply hot water 

for these elements. 

 

It would also be a good idea if water circulated in heating elements absorbs heat by 

contacting with a hot gas of higher temperature such as steam. In that case the 

temperature of water can be controlled by adjusting the flow rate of the steam and 

surplus steam can be used for rotating blades of a mini steam turbine to produce 

electricity. However this idea is outside of the scope of this thesis and can be proposed 

for further study.  

 

Steam generation occurs in an incinerator which operates as a water-tube boiler fueled 

by dry cow dung. Produced steam is stored in a steam drum. Schematic of the water-
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tube boiler is shown in Fig. 3. This type of boiler is designed in which water circulates in 

tubes heated by the hot gas produced by combustion process. The heated water rises 

into the steam drum and saturated steam will be drawn off from the top of this drum.  

 

Fig. 3 Schematic of the water-tube boiler 

 

Saturated steam exchanges its latent heat through a heat exchanger so that circulated 

water contacts with generated steam. In this equipment absorbed heat by the water is 

transferred to ambient air through heating elements and condensed steam returns to the 

water-tube boiler. 

 

In order to heat recover of flue gas before releasing to the atmosphere, a tubular air 

heater can be designed in which the recovered heat is used for drying wet cow dung. 

On that case the thermal efficiency of the system will be increased and the portion of 

unused energy stored in cow dung will be decreased. Therefore a drying unit could also 

be designed to use recovered heat of flue gas.  

 

In a general view, this project can be divided into two parts. In the first part main goal 

could be designing proper heating elements which are used to keep the interior space of 

building in a certain temperature. In the second part main task would be designing a 

heat generation system responsible for supplying hot water which flows through the 

heating elements. A preliminary sketch of the whole system can be seen in Fig. 4. 
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Fig. 4 Preliminary design of the system 

 

In this sketch the heat exchanger is considered to be a boundary between the two parts. 

Therefore if the heat duty of the water-tube boiler equals the heat duty of the heat 

exchanger the efficiency of the incinerator would be maximized; in that case all latent 

heat of saturated steam will be absorbed by the water circulated through the heating 

elements. 

 

In this project attempts are made to balance the heat demands with the heat supply so 

that at the end of this project the questions “how much energy the farm needs” and 

“how much energy can be obtained by incinerating available cow dung in the farm” 

should be answered. 

 

 

1.2 Design criteria 

The calculation part starts with determining heat demand of a farm of medium size. 

Medium size farm has different definitions in different literature. Corresponding to 

literature [4], it is assumed that 65 dairy cows (Holstein) are kept in a medium size 

farm. It is also derived that the surface are required for this farm in cubicle form 
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(65head of cattle) is 845m�[5]. 

The dimensions of the building are extracted from a similar farm of the same capacity 

(Fig. 5) [5]. 

 

 

 
Fig. 5 Schematic of the area of the cubicle farm building [5] 

 

In this building the height of exterior walls is assumed 7 meter (as it is in local farm)  in 

which 3 meter of upper part of two walls in dimension of 44m×3m are entirely covered 

by the glass windows and the heating elements will be mounted under the windows in 

6 rows. As it can be seen in Fig. 6 heat loss through the walls, door, roof, ventilation 

system and so on has to be compensated by these heating elements. 

  

 

Fig. 6 Schematic of the exterior walls of the farm 

 

 

The exterior wall (4 m) is designed in 5 layers (Fig. 7) in which it is attempted to avoid 

heat loss during winters. According to regional construction pattern in this area the roof 

is assumed to be horizontal, constructed in 4 layers (Fig. 8)  
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Fig. 7 Exterior wall layers                            Fig. 8 Roof layers 

 

The ideal temperature range for dairy cows is between 5℃ and 25℃ [6]. Therefore the 

average temperature, 16℃, is taken as the desired temperature which is supposed to be 

constant for the interior space of the farm building. 

 The farm is assumed to be in Anzali port, a northern city of Iran. Based on Fig. 9 the 

average temperature of this city during summer and spring is more than 16℃. It means 

that the proposed heating system will be in use mostly during the autumn and winter 

time. 

 

Fig. 9 Average temperature of Anzali port during a year [7] 

 

In order to estimate available heat, the amount of dry cow dung produced by 65 dairy 

cows should be calculated. According to calculation done in Appendix A this value is 

about 31kg/h. For this project it is assumed that the base of calculations is 10kg/h dry 

cow dung as the one third of cow dung production by 65 dairy Holstein cows, to 
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simplify computation processes. The rest of dung can be used as the manure for soil 

enrichment or it can be sold. 

All design criteria of this project are summarized in Table 1. 

 

 

Table 1 Design criteria of the project 

Desirable temperature for interior space 16℃ 

Duration of cold season 6 months 

Lowest average temperature 6℃ 

Mass flowrate of dry cow dung (incinerator fuel) 10kg/h 

Initial moisture content of the fuel 40%  

 

 

In Table 2 the ultimate analysis of the fuel which taken from literature [3] is presented 

which will be used to estimate flame temperature and flue gas production (Appendix 

B).  

 

Table 2 Ultimate analysis of the Fuel [3] 

Constituents % By the weight 

Carbon 31.6 

Hydrogen 5.18 

Oxygen 37.8 

Nitrogen 6.12 

Ash 19.3 

 

 

 

 

 

2. Purpose of the thesis 

The purpose of this thesis is to study heat supply for a medium size farm located in the 

north of Iran by incinerating dry cow dung. The main objective of this project is 

designing a heating system based on an incinerator which is fuelled by dry cow dung. 

At the end of this thesis the main question which asks whether the designed incinerator 

can supply the minimum heating needs of the farm or not will be answered.  
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3. Method 

The method used in this project was literature review and design method. Several 

chemical engineering handbooks have been reviewed to find the suitable calculation 

methods and appropriate correlations which could be used to design different 

equipment.  

 

4. Theory 

In the present study main part of calculations are based on heat and mass transport 

between different elements of the system. The main operation units involved in this 

project are heat exchanging, combusting and drying. 

 

4.1 Heat transfer modes 

 Heat is usually defined as a form of energy that is conveyed between two media of two 

different temperatures to approach the energy equilibrium state [8].Heat can be 

transferred in three mechanisms: conduction, convection and radiation.  

 

4.1.1 Conduction 

Conduction may be defined as the transfer of energy through microscopic motions and 

collision of particles without motions of the material as whole due to the temperature 

gradient. To formulate the heat conduction between two homogeneous solid materials 

in one direction, Fourier’s law can be considered. It relates when a temperature gradient 

exists between two points of a homogenous material, thermal energy is transferred 

from the high temperature region to low temperature region. The heat flow is 

proportional to temperature gradient in the direction of heat flow: 

 
��


≈ ��

��
                                                   (4.1) 

 

where, qx is the amount of heat to transfer, A is the area of heat transfer, dT is the 

temperature difference and dx is the distance between two points.  

 

When the proportionality constant is inserted: 

�� = −�� ��

��
                                           (4.2) 

where, k is the thermal conductivity and the minus sign is inserted to satisfy the second 

law of thermodynamics [9].Thermal conductivity (k) is a physical property of the 
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materials that implies the ability of the material to conduct the heat. 

 

4.1.2 Convection 

Convection heat transfer is comprised of two mechanisms. In addition to energy 

transfer due to random molecular motion (diffusion), energy is also transferred by the 

bulk or macroscopic motion of the fluid. Convection is usually categorized regarding 

the nature of the flow. This phenomenon is known as “free convection” when the flow 

is caused by the buoyancy forces due to density difference formed by the temperature 

variations in the fluid. In contrary the “force convection” occurs when flow is induced 

by an external means such as fan [8].Convection of the heat is related by the Newton’s 

law of cooling: 

 

�” = ℎ(�� − ��)                                      (4.3) 

 

where, q” is the heat flux per unit area,�� and �� are the surface and ambient 

temperature respectively and h is the convection heat transfer coefficient. Convective 

heat transfer coefficient (h) is used to calculate heat exchange between a fluid and a 

solid surface. This coefficient is mostly obtained from empirical equations. 

 

4.1.3 Radiation: 

Thermal radiation is the energy emitted by matter that is at a nonzero temperature. This 

emission may occur from solids, liquids and gases. There is an upper limit to the 

emissive power, which is governed by the Stefan-Boltzmann law: 

�� =  ��
!                                                  (4.4) 

 

where,�� is the energy emitted from a black body,   is Stefan-Boltzmann constant and 

�� is the surface temperature. The heat flux emitted by a real surface is less than that of a 

blackbody at the same temperature and is given by: 

� = " ��
!                                                   (4.5) 

 

Emissivity (ε) is a radiative property of the surfaces that implies how efficiently surface 

emits thermal energy in compare to the black surfaces. Emissivity is between zero to 

one and is strongly dependent on the surface material [8].The importance of heat 

radiation is revealed when the temperatures are high. 
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4.1.4 Rate of heat transfer 

The rate of heat transfer is the product of overall heat transfer coefficient (U) by the heat 

transfer area (A) and the temperature driving force (ΔT): 

 

# = $�∆�                                                       (4.6) 

 

The overall heat transfer coefficient (U-value) refers to how well heat is conducted over 

a series of mediums. 

Overall heat transfer coefficient is a function of conduction, convection and radiation 

heat transfer coefficient. 

 

4.1.5 LMTD method 

Log Mean Temperature Difference (LMTD) is a logarithmic average of the temperature 

difference between the hot and cold streams at each end of a heat exchanger. This value 

(ΔTm) is used in equation (4.6) as a temperature driving force for calculating heat 

transfer in flow systems: 

# = $�∆�& 

where, U is the overall heat transfer coefficient, A is the heat transfer area and ΔTm is 

the log mean temperature difference. In designing water-tube boiler and tubular air 

heater this method has been used [9]. 

 

4.1.6 NTU-effectiveness method 

NTU (Number of Transfer Units) -ε (effectiveness) method is one of design method 

which is commonly used for designing or evaluating performance of a heat exchanger. 

In this method effectiveness factor of heat exchanger is defined as: 

'((')*+,'-'.. = " = /012/3	45/1	16/78956&/�:&2&	;<88:�35	45/1	16/78956                       (4.7) 

 

Maximum possible heat transfer rate can be calculated as following: �&/� = =&:7>�4,: − �0,:@                              (4.8) 

where, =&:7 is the minimum heat capacity rate which is produced by multiplying the 

mass flow rate by the specific heat capacity of the minimum fluid. =&:7 = (A.);)&:7                                         (4.9) 

Minimum fluid can be cold or hot fluid depends on A.); minimum value.  

In the case of phase changing such as boiling or condensation process the fluid 
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temperature stays essentially constant. It means that fluid acts as if it had infinite 

specific heat. In this case the relationship between NTU and ε is very simple: 

                              " = 1 − 'DE�F                            (4.10) 

Number of Transfer Unit (NTU) is a dimensionless parameter which is defined as: 

                             G�$ = FHIJK                                  (4.11) 

In this project the method used for designing heat exchanger (Condenser) is the NTU-

effectiveness method [8]. 

 

4.2 Combustion 

Combustion can be defined generally as an oxidation process which is accompanied by 

the production of heat and light. Two basic combustion reactions which are related to 

this project are as follows: 

                             = + M� → =M� + O'P*                (4.12) 

     O� + 1 2R M� → O�M + O'P*        (4.13) 

But in the present study the case is not combustion of the elements (Carbon and 

hydrogen); it is combustion of mixture of chemical compounds. Then consideration of 

heat released through complete combustion process of these two chemical elements 

causes overestimation in further calculations. To avoid this problem, calorific values are 

more convenient to be used. 

 

4.2.1 Calorific value 

One of the important properties of fuels is heating value. It can be defined as the 

amount of heat released during a complete combustion of a certain amount of fuel.  

Calorific value is measured either as Gross Calorific Value (GCV) or Net Calorific Value 

(NCV). The difference is described by the latent heat of condensation of the water 

vapour produced during the combustion process. In the term of GCV, it is assumed that 

all vapour produced during the combustion process is completely condensed. In 

contrary, NCV term implies the water leaves with the combustion products without 

entirely being condensed [10]. 

 

4.2.2 Excess air 

The excess air is defined as the amount of fresh air more than the stoichiometric amount 

of air required to be mixed with certain amount of fuel for a complete combustion. 

Excess air can be used as a measure to control the combustion temperature. [10] 
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4.2.3 Flue gas 

A mixture of combustion products is called flue gas. The importance of flue gas in a 

boiler design is due to heat transfer occurs between the hot flue gas and the water tubes 

of the boiler. Hence in this project, calculation of composition, temperature and flow 

rate of the flue gas are necessary. 

 

4.2.4 Adiabatic combustion temperature 

Adiabatic combustion temperature is the maximum temperature that can be attained 

from combustion of air and fuel. It cannot be reached in reality due to dissociation of 

flue gas and radiation heat loss. To calculate temperature of combustion products the 

idea of using energy balance about combustion system can derive a straightforward 

way for estimation of this temperature.  

 

4.2.5 Water-tube boiler design 

The starting point in designing a water-tube boiler is the estimation of overall heat 

transfer coefficient. The cross-sectional data such as the number of tube wide, spacing 

and length of tube are being assumed. From the duty and log mean temperature 

difference, the heat transfer area can be obtained. Then the number of rows deep and 

gas pressure drop can be calculated.  

 

 

4.3 Drying 

Drying is a process in which the water content of the materials is being reduced. This 

process can be a result of a mechanical or thermal operation [11]. Based on the fact that 

thermal drying needs a certain amount of heat for vaporization of water content of 

material, the operational cost of this unit is higher than mechanical drying; therefore the 

mechanical drying is preferable in most of the cases. But in this project thermal 

operation is applied due to heat recovery of the boiler and the main reason of the 

drying unit is removing moisture content of fuel to avoid lowering flame temperature. 
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4.3.1 Rate of drying 

In drying process it is expected that the free moisture content from the surface and also 

moisture content from the interior space of the material is removed. Therefore if the 

moisture content of the material is plotted against the time a continuous curve will be 

resulted. The first part of the curve is levelled off which means that the rate of drying is 

constant. This area shows that the moisture content is removing only from the surface 

of the material. In the next area of drying curve the rate is falling down which illustrates 

that moisture content is removing from the interior space of the material [12]. In this 

project due to tiny layer of wet cow dung (6mm) on the screen conveyor belt, 

evaporation is assumed to occur only from the surface of the solid; then the drying rate 

stays constant. 

 

4.3.2 Types of dryers 

The dryers can be classified based on different principles such as the method of heating, 

the method of air circulation and so on. Selection of the dryer is mainly dependent on 

the desired application and also the cost of the dryer. For this project two direct heating 

dryers are designed so that the wet material is exposed to a force induced air flow 

which is heated by the stack of the incinerator. These two dryers are selected because 

they are less costly due to absence of tubes and jackets within which the heating 

medium should be contained. 

 

 

5.  Results  

 

5.1 Heat demand 

The first part of this project is determination of heat needs of the farm building at the 

coldest day of the year. According to weather reports, lowest average temperature in 

Anzali city is about 6℃ in February. Therefore the proposed heating system is designed 

to rise the temperature from the lowest annual average temperature (6℃) to the 

desirable temperature (16℃). In some of cold winters, temperature may drop below 6℃ 

in some days or nights. To take it into consideration, heat demand can be multiplied by a 

correction factor. To make an estimation of heat demand it is assumed that this value is 

the same as the rate of heat loss which occurs when the room temperature drops from 

16℃ to 6℃. The major part of heat loss occurs through ventilation system, sanitary floor 
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space, glass windows, entrance door (especially when it is open), exterior walls and 

roof. But in this project it was not possible to find data for this from literature and it is 

outside the scope of this thesis to design and calculate on the ventilation system. In 

most of HVAC calculations it is usual that the heat load of the system is multiplied by a 

factor larger than 1 to take into consideration unexpected heat loss through the system. 

Hence by multiplication of calculated heat loss by a correction factor (1.5), validation of 

calculations can be secured. The computed value of heat loss is about 6.63kW (see 

Appendix A for calculations). Therefore, the main purpose of this project is providing 

6.63kW thermal energy by incinerating 10kg/h of dry cow dung. 

 

 

5.2 Heating system  

Second part of this project is designing an efficient system to provide heat needs of the 

farm. In order to start calculations, 10kg/h of dry cow dung is taken as the basis of all 

calculations. The ultimate analysis of dry cow dung is shown in Table 2. 

By consideration of stoichiometric coefficients of the oxidants and oxidation agent 

(oxygen), the amount of combustion products can be determined. The amount of excess 

air needed for complete combustion is assumed 24%, which is quite near to the value of 

20% expressed in the article [3].  

 

Table 3 Theoretical composition and physical properties of flue gas (see Appendix B for 

calculations) 

Flue gas constituents(Theoretical) kg/kg of dry fuel k mol/ kg dry fuel 

CO2 1.16 0.026 

H2O 0.466 0.026 

N2 3.71 0.13 

O2 0.21 0.007 

Total air supplied 

(Theoretical + Excess air) 

4.74 0.16 

Total mass of flue gas 5.546  

Mean flue gas properties Value at 689℃℃℃℃ 

C Pm 1.26 kJ/kg.K 

µ m 0.039cp 

k m 0.064W/m.K 
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Flue gas data together with considering an energy balance about combustion system 

makes the possibility for computation of combustion gas temperature. This value is 

calculated 1648℃ (Appendix B). In following the temperature of 864℃ is assumed for the 

flue gas at the exit point of combustion chamber.  Regarding the difference between 

these two temperatures and also assumption a temperature for the generated steam 

(120℃), water-tube boiler design can be performed (detailed calculation can be found in 

Appendices C). 

 

The proposed incineration system is composed of a combustion chamber, and two 

dryers which are designed to dry wet cow dung before entering the combustion 

chamber.  

 

Wet cow dung is received to the first dryer in moisture content of 40% and it leaves the 

second dryer in the moisture content of 9%. A flow of flue gas will be formed by 

incinerating dry dung. To recover thermal energy of the flue gas a tubular air heater is 

designed which is responsible for providing sufficient flow of hot air for two dryers. 

In order to start design calculations, the size and total number of tubes should be 

assumed. Therefore the number of tubes is assumed to be 6 (3 in width and 2 in depth), 

their nominal diameter at 2.54cm (1in) and the tubes length is assumed at 1.22m (4ft). 

Then the steam generation rate is calculated 7 × 10Df �g .⁄ . 

The next step of calculations is designing the air tubular heater (Fig. 10).  

To accomplish this task first the rate of air flow should be assumed. This value is 

assumed at 0.158 kg/s. By making an energy balance over the air and flue gas system 

and assuming 100℃ for the outlet temperature of flue gas, the exit temperature of air is 

calculated at 104℃.  
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Fig. 10 The schematic of the tubular air heater 

 

Calculation shows that the required number of tubes is 24. In following the nominal 

diameter of tubes is assumed 5cm (2in) in an in-line arrangement.  

The next equipment is the dryers. The first dryer is selected as a screen conveyor dryer 

(Fig. 11). 

 

 

Fig. 11 The schematic of screen conveyor dryer 

 

This equipment is designed to evaporate 17% of moisture content of the feed. Then at 

the end of the first dryer the moisture content of the fuel is reduced from 40% to 23%. If 

the drying time is considered as 1 hour, following results can be obtained (Appendix C); 

the length of dryer is 3.6m (12ft), the width of conveyor belt is 0.6 m (2ft), and the air 

canal of the dryer is in rectangular form in diameter of	0.6A × 0.6A. 

 

The second dryer is decided to be a rotary dryer (Fig. 12). This equipment is designed to 

reduce the moisture content of cow dung from 23% to 9%.  
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Fig. 12 The schematic of rotary dryer 

 

An inclination of 10  ̊is applied for dryer to facilitate discharging of dry cow dung. At 

the end of cylinder a perforated plate is installed to let the hot and humid air out of the 

dryer. Detail calculation of the equipment is available in appendix C. 

The sketch of the incinerator and dryers can be seen in Fig. 13. This Figure presents the 

whole heat generation system. As it can be followed on the sketch wet cow dung is 

introduced to the dryers using a conveyor belt and after reduction of its moisture 

content it is combusted in an incinerator. The stack of the incinerator acts such as a 

tubular air heater. The benefit gained from this heater will be recovering thermal energy 

of the smoke before releasing it to the atmosphere which enhances thermal efficiency of 

the system. Two air fans are used to blow air through the system. One of them is used 

to introduce hot air flow for the dryers and the other one is used to supply air required 

for complete combustion. The main purpose of this part will be steam generation in a 

certain pressure and temperature. This steam will be collected in the steam drum and 

sent to a heat exchanger for energy transfer.  
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Fig. 13 Schematic of the incineration system including the dryers and the boiler 

 

The heat exchanger is placed in boundary of two parts of the system which links them 

together. The type of heat exchanger is decided to be shell and tube and the thermal 

process that occurs inside the heat exchanger is total condensation (Fig. 14). Therefore 

condenser is designed so that the phase of saturated steam changes from vapor to liquid 

due to latent heat loss. This latent heat is absorbed by the circulated water through 

heating elements. 

 

To design the condenser, NTU-effectiveness method is applied. In order to easy 

replacement of the tubes due to fouling effect of water stream, it is decided that steam 

flow passes through shell side and water flow runs through tube side of the heat 

exchanger. 
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Fig. 14 The schematic of condenser 

 

The nominal diameter of tubes of condenser is assumed at2.54cm (1 in) and it is 

considered that the duty of this equipment is equal to the latent heat of the generated 

steam in the boiler. Hence, the required length of tube is calculated of1.41m 

(calculations are available in appendix C). 

 

To keep warm interior space of the building tubular finned elements are selected to be 

used (Fig. 15). The diameter and length of each element are assumed at 5cm (2in) and 

60cm respectively. Calculations show that heat transferred by one of these heating 

elements is about 12.46W. As the result of calculations, the number of elements required 

for this building is 576. The arrangement of supply and return line can be seen in Fig.16. 

 

 

Fig. 15 The schematic of finned tubular heating element 

 

As it can be followed two water cycles are designed in this project. Figure17 refers that 

the connecting point of these two water cycles is the condenser (heat exchanger). 
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In the first cycle water conveys the thermal energy to the ambient air at the temperature 

of 60℃. Heat is transferred between hot water and ambient air of interior space of the 

building and the water temperature is reduced so that the returned water is received by 

the condenser at 40℃. This amount of energy is resulted from dry cow dung during 

combustion process. Implementation of this project requires designing an appropriate 

automatic temperature control system that adjusts the water flow by receiving feedback 

from the indoor and outdoor temperature. This control system could be very basic such 

as installation thermostats at the heating elements or more complicated.  The energy 

carrier in the second cycle is the steam at temperature of 120℃ and pressure of 3 atm. 

This fluid enters the shell side of the condenser and its temperature stays constant while 

the phase change occurs. 

 

 
Fig. 17 Water cycles in the system 

 

In a fluid flow system frictional forces are formed by the resistance to the flow. The 

main factors of resistance to fluid flow are fluid velocity through the pipe and 

fluid viscosity. To have a continuous flow of fluid through the pipe, pressure drop 

should be compensated by a circulation pump (Fig. 18). By considering total length of 

tubes and maximum velocity of water, pressure drop of the whole piping system is 

calculated of 27.6kPa. Therefore the selected pump should be capable to raise water 

pressure at least 28kPa.  

Volume of water needed for the whole heating system is estimated about 3 m3. Then the 

capacity of water tank could be taken of 3 m3. Therefore for filling up the system at the 

start up time, only this tank needs to be filled with water. 

Existence of water tank is also needed to supply the Available Net Positive Suction 
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Head (NPSHA) of the recirculation pump in order to avoid cavitation. 

 

 

 

Fig. 18 Circulation pump and its suction drum 

 

Drawing two parts of this project which are linked together by the heat exchanger 

(condenser) presents a complete sketch of the system. Figure 19 shows different 

elements of the system and the links between them. The proposed system can be 

applied to a farm in cubicle form in capacity of 65 head of dairy cows.  

 

 
Fig. 19 Schematic of the detail proposed system 
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A complete list of detailed specification of the equipment can be seen in Table 6 

(Appendix C).The schematic of two-dimensional views of the incinerator is also 

available in Fig. 23.To summarize important process data, a Process Flow Diagram 

(PFD) is shown in Fig. 20 and table 4. 

 

 

 

 

 

 

 

Fig. 20 Process flow diagram (PFD) of the heating system (numbers refer to the stream 

data in Table 4). 

 

Table 4 Stream data regarding the process flow diagram (Fig. 20) 

 

As a final result of calculations it can be concluded that this project is feasible in terms 

of availability of fuel requirement and capability of supplying heat demand of the farm 

by incineration process. 

In terms of energy balance point of view, the calorific heating value of this fuel is 

about13775kJ/kg [14] and the amount of heat released during complete combustion 

process of 10kg/h dry cow dung is about 38.3 kW. The recovered heat by the boiler and 

air tubular heater is calculated around 29.7kW and the unused energy will be 8.6kW 

(Fig. 21). Then thermal efficiency of the system is about78% which implies that an 

appropriate system has been designed. 

 

 

 

Stream 1 2 3 4 5 6 

Comp. cow dung cow dung Steam Water Hot water Cold water 

Temp. 20℃ 82℃ 120℃ 120℃ 60℃ 40℃ 

Humidity 40% 9% ------- ------- -------- ------- 

Flow rate 14kg/h 10kg/h 0.007kg/s 0.007kg/s 0.187kg/s 0.187kg/s 

Dryer Boiler 
Heat 

Exchanger 

Feed 

1 2 

3 

4 

5 

6 
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Fig. 21 Energy balance on the incineration system 

 

6. Discussion 

6.1 Process description 

As it can be seen in Fig. 22 wet cow dung (40% moisture content) is transported to the 

first dryer by a screen conveyor belt of surface area of 2.23 A� and the thickness of 

6mm. The structure of the combustion chamber is a developed sketch of a kitchen stove 

designed in India [3] which is fueled by dry cow dung. The wet feed is passed through 

two dryers. The heat need of the dryer is supplied by the stack of the incinerator. The 

stack of the boiler is divided into 24 tubes in inline- arrangement to supply sufficient 

heat transfer area for 0.157kg/s air flow in temperature of 104℃which is sufficient for 

drying process. Induced hot air flows through the screen conveyor dryer (the first 

dryer) and the rotary dryer (the second dryer). In the first drying unit the moisture 

content of the wet dung is reduced up to 17% and the semi dried feed with the moisture 

content of 23% enters the second dryer. To increase the heat transfer area between the 

cow dung and hot air a screen conveyor dryer is selected. Therefore evaporation 

process occurs from both sides of the surface. 

 

 Through the second drying unit the moisture content of the cow dung is reduced and 

the dry manure of 9% moisture content is received by combustion chamber. In 

combustion process dry manure is incinerated and considerable amount of thermal 

energy is released. The feeding rate of this incinerator is 10kg/h dried cow dung in 

calorific value (CV) of13775 kJ/kg [14]. According to the literature each cow can produce 

more than 0.02 m3 manure per day [13]. It is also reported that the moisture content of 

the cow dung at the time of spreading is about 46% [15]. 

Combustion 

heat 

Duty of 

Boiler 
Duty of 

Air heater 

Unused 

energy 

38 kW 

16 kW 14 kW 8 kW 
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The flue gas produced from combustion process at the temperature of 1648℃ flows over 

carbon steel tubes and heat is exchanged from the hot flue gas to the water which flows 

inside the tubes. In this view the incinerator can be considered as a water-tube boiler. 

Steam flow is produced at temperature of 120℃ and pressure of 3atm [16]. It is also 

assumed that the flue gas exits the combustion chamber in temperature of 864℃. 

Generated steam enters a condenser for exchanging its thermal energy. The heat 

exchanger is designed to raise the temperature of cold water from 40℃ to 60℃. Then the 

water flows through the heating elements proposed for keeping the farm building 

warm. The temperature of the steam at the condenser outlet is not changed and only the 

phase of water is changed from vapor to liquid and it returns to the boiler. The flue gas 

enters the stack in the temperature of 864℃ and exits to the atmosphere in the 

temperature of 100℃. The stack of incinerator is composed of 24 tubes of
l

�
in (ID=1.4cm) 

in an in-line arrangement. The concept behind stack design is recovering the heat 

wasted to the atmosphere through hot exhausted gas. The detail calculation and the 

equipment size are available in appendix C and Table 6.  

 

Produced dung during spring and summer can be stored in a closed tank. In that case 

the odour and methane emission of the manure will be reduced. One of profitable 

applications of accumulated fresh cow dung is methane production through anaerobic 

digestion process. This process is favoured in tropical and subtropical weather 

condition due to high activity of mesophilic and thermophilic microorganisms. 

Therefore in warm seasons (about half-year) this system would be shut down. During 

this time biogas production by cow dung anaerobic digestion can be applicable. To 

reach this goal, system should be seasonally changed. This temporary change is 

including conveyor belt removal so that the tank can be kept in isolation due to 

avoidance of oxygen penetration. To stimulate anaerobic digestion process sufficient 

amount of water should be added to the cow dung stored in the storage tank. Final 

products of biochemical reactions would be methane and carbon dioxide which could 

be collected in a gas accumulator. Produced methane can be used for household 

purposes or it can be purified by passing through a simple water column (water 

scrubbing process) to prepare it for car fuel. 

 

As it can be seen in Fig. 22 incinerator, condenser, cow dung storage tank and biogas 

accumulator are installed under ground near the farm building. This arrangement 
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would be suited to avoid heat loss due to long distance between heat generator and 

heat user. It could also be suitable in terms of noise abatement which is caused by 

incinerator. 

 

Fig. 22 The sketch of whole proposed system (numbers refer to Table 5) 

 

Table 5 Description of different streams in Fig. 22 

Stream Material To From 

1 Steam Steam drum Boiler tubes 

2 Steam Condenser Steam drum 

3 Condensed steam Steam drum Condenser 

4 Water Boiler tubes Steam drum 

5 Cold water Condenser Heating elements 

6 Hot water Heating elements Condenser 

7 Methane gas Kitchen stove Accumulator 

 

According to the calculations, available heat for drying section is only enough to 

evaporate about 30% of fuel moisture. Since the initial moisture content of cow dung 

may be higher than 50% in humid weather condition, it seems that the dryers cannot 

reduce the final moisture content of fuel to an appropriate level. Therefore wet cow 

dung causes lowering flame temperature and decreasing thermal efficiency of the 

system. In that case water temperature in heating elements may not be reached the 

design temperature, 60℃, and consequently room temperature drops below 16℃. 
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6.2 Alternatives for use of cow dung in a farm 

Cow dung is commonly used as a fertilizer. Rich nutrition of cow dung and also its high 

availability caused this animal waste as an effective fertilizer. By growing human 

knowledge about renewable energy sources other applications of animal dung has also 

become important. For example farmers have used animal dungs for heating their 

houses or for fueling their kitchen stoves.  

 

The other significant application of cow dung is biogas production. Due to simplicity of 

anaerobic digestion process in tropical and subtropical areas, methane extraction has 

grown enormously in those countries such as India. 

Although it seems that the best use of animal dung might be biogas production but in 

present work attempts are focused on incineration dry cow dung to study the 

possibility of substitution fossil fuels by animal dung in this manner. 

 

6.3 Advantages of the system 

In this study advantages of the proposed heating system can be considered in two main 

aspects; saving energy resources and reducing environmental impacts. 

In the first aspect use of cow dungs as a renewable fuel source saves the fossils fuels 

from exploitation. It also assists the government to avoid unnecessary investment to 

install fuel pipeline in outlying areas. Fuel is currently transported to these areas by 

truck. Therefore by implementation of this project the cost of fuel transportation is also 

reduced.  

 

In the second aspect by construction of this system methane emission, as an important 

greenhouse gas, from fresh manure can be decreased. It is also studied that the other 

kind of emission such as Nitrous oxides which are categorized as the harmful emissions 

will be reduced. 

Finally by incinerating cow dung the odor of manure disposed in the farm will be 

reduced significantly. 

 

6.4 Disadvantages of the system 

The most important disadvantage of this project is the electricity consumption by the 

rotary machines. These machines are two air fans, a conveyor belt, a rotary dryer and a 

water circulation pump. 
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The other weakness point of this project is the absence of an appropriate scrubber. It 

will become more important if the manure contains considerable amount of sulfur 

compounds.  

Due to the fact that no experimental work has been done in this project, several 

assumptions and approximations have been made to enable the study to proceed. This 

factor may bring a degree of uncertainty for the calculations and can be counted as a 

drawback for this study. 

And finally no economic calculation has been done in this project to estimate 

investment cost or operating cost.  

 

 

6.5 Future prospect 

The future prospect of this project can be designing a scrubber to eliminate flying ash 

from flue gas and also performing cost estimation. The other future activity can be 

detailed mechanical design of the equipment and building a small scale plant to study 

actual efficiency of the system. On that case most of estimated value and 

approximations can be replaced by experimental data which makes the calculations 

more reliable. 

 

7. Conclusion 

As a conclusion to this study the heat efficiency of the system is calculated about 78%. 

In terms of feasibility of this project it would be mentioned that the amount of cow 

dung produced in the farm is sufficient to supply heat requirement of the farm building 

so that the interior space can be kept at 16℃.  

In terms of environmental point of view heat generation by cow dung incineration can 

be an approach to greenhouse gas reduction due to avoidance of methane emission. 

This project also has benefit for the farmer by reduction of the fuel cost.  

The important impediment for implementation of this project is high demand of 

electricity. Rotary machines included in this project consume electrical power and may 

cause a huge expense. 

The other major drawback is the lack of experimental works. This factor imposes high 

degree of uncertainty on the calculations in terms of frequent used assumptions. 
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List of notation 
                                                                   SI unit       British unit 
A         Surface area………………………………………………………………………………………………….m2                            ft2 

CP        Specific heat capacity…………………………………………………………………………….kJ/kg.℃       Btu/lb. ℉ 

D         Diameter………………………………………………………………………………………………………....m                 ft 

De        Equivalent diameter………………………………………………………………………………m                 ft 

ffi          Inside fouling factor 

ffo         Outside fouling factor 

G         Mass velocity………………………………………………………………………………………………lb/ft2h           kg/m2s 

H        Enthalpy…………………………………………………………………………………………………………..J                    Btu 

h         Convection heat transfer coefficient……………………………………………W/m2.℃        Btu/h.ft2. ℉ 
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k         Thermal conductivity………………………………………………………………………………….W/m.℃    Btu/h.ft. ℉ 

L         Length………………………………………………………….............................................................................................m           ft 

m.       Mass rate of flow; mn
. of gas; mo

.  rate of vaporization……...............kg/s         ft/h 

Mw    Molecular weight……………………………………………………………………………………………kg/mole    lb/mole 

Nt       Number of transfer unit 

Nu      Nuselt number, hL/k (dimensionless number) 

Nw       Number of tubes wide 

Pr        Prandtle number, CP μ/k (dimensionless number) 

Re       Reynolds number, DG/ μ (dimensionless number) 

RC       Constant drying rate………………………………………………………………………………………kg/m2.s     lb/ft2h 

ST            Transverse pitch……………………………………………………………………………………………….....m              in 

SL        Longitudinal pitch……………………………………………............................................................................m            in 

T         Time…………………………………………………………………………………………………………………………….s                h 

T         Temperature ………………………………………………………………………………………………………℃ (K)         ℉(R) 

T∞       Ambient temperature………………………………………......................................................................℃ (K)       ℉(R) 

U        Overall heat transfer coefficient……………………………………………………………..W/m2.℃      Btu/h.ft2.℉ 

Q, q    Heat flow………………………………………………………………………………………………………………...W               Btu/h 

q”       Heat flux per unit area…………………………………………………………………………………..W/m2         Btu/h.ft2 

x,y,z   Space coordinates in Cartesian system……………………………………………….m               ft 

 

 

Subscript 

a          Air 

b          Black 

c          Cold 

f           Fin 

g          Gas 

h          Hot 

I          Inside 

m Mean value 

o          Outside 

s Solid 

w        Wall 

wb      Wet bulb 
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Greek letters 

ε          Emissivity 

σ          Boltzmann constant          

μ Dynamic viscosity……………………………………………..kg/m.s    lbm/ft.s 

υ          Kinematic viscosity……………………………………………m2/s         ft2/s 

η Efficiency 

λ Latent heat 

θ Temperature difference between a surface and ambient air(Ts-T∞) 

ρ Density ℋ Humidity 
 

 
 

 

 

 

 

9. Appendices 

Appendix A 

 

A-1 dry cow dung production by 65 dairy cows 

With assumption of 65 head of Holstein cows, following calculation can be made 

according to literature [13]: 

 

Cattle dung density = 1041 �g Af⁄  

Produced fresh dung per day = 0.02 Af 

Fresh discharge = Produced fresh dung per day	× number of cows × cattle dung density 

Fresh discharge =0.02	Af sPt⁄ × 65 × 1041.3	 �g Af⁄ ≅ 1387	 �g sPt⁄ = 57.8	 �g ℎ⁄  

If moisture content of fresh cow dung at time of spreading is assumed 46%: 

Dry cow dung production = 57.8 �g ℎ⁄ × 0.54 = 31.2 �g ℎ⁄  

 

A-2 loss from the building 

Transferred heat between two surfaces in different temperature is calculated by using 

the governing equation (A.1) 
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# = $ × � × (�: − �<)    (A.1) 

The inverse of overall heat transfer coefficient (1/U) is commonly called the overall heat 

resistance. This value is the summation of all thermal resistance existing between two 

surfaces. Conductive heat resistance is the product of dividing the distance between 

two surfaces (Δx) by the thermal conductivity of materials (k). 

Convective heat resistance is defined as the inverse of heat convection coefficient (h).In 

this project heat loss of the farm building mainly occurs from the exterior walls, roof, 

glass windows, ventilation system and sanitary system. 

 

 

a. Exterior walls 

 

Formula: lv = lwx + lwy + z{|{ + 1}~} + 1�~� + z�|� + z�|�    (A.2) 

The first and second term in right hand side of equation (A.2) is the convective heat 

resistance on both sides of the walls. The rest of terms in the right hand side are the 

conductive heat resistance through different wall layers; plaster, brick, air space, 

concrete and mortar respectively. Thermal conductivity of these materials is available in 

literature [9].  

 

To compute ℎ:	the air temperature inside and outside the building are assumed 16℃	and	6℃.	For	the wall temperature the mean value of the inside and outside air temperatures 

is taken at 11℃ (�� = l���� ). This value is assumed for both sides of the wall. 

According to equations (A.3) and (A.4) proposed in Holman textbook [9]: ℎ: = 1.42 × (�JD��� )l !⁄                (A.3) 

ℎ: = 1.42 × (16 − 117 )�.�� = 1.305	 � A�.℃⁄  

ℎ< = 1.31 × (�� − �<){�      (A.4) ℎ< = 1.31 × (11 − 6)�.ff = 2.24	 � A�.℃⁄  

Hence: 1ℎ: + 1ℎ< = 0.766 + 0.446 = 1.212	A�.℃ �⁄  

1$ = 1.21 + 0.020.48 + 0.150.69 + 0.030.028 + 0.10.76 + 0.031.16 = 2.7 → $ = 0.37	� A�.℃⁄  

The whole wall surface: 
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�l = 2 × 44 × 4 + 2 × 19.2 × 4 = 505A� #l = $�l∆� = 0.37 × 505 × (11 − 6) = 936� 

 

 

b. Roof 

Formula: 1U = 1h� + 1h� + tlkl + t�k� + tfkf + t!k! 

→ U = 1.21 + 0.020.76 + 0.15 + 0.030.1 + 0.071.4 = 1.73 → U = 0.57 �� = 19.2 × 44 = 844A� #� = $��∆� = 0.57 × 844 × (11 − 6) = 2405� 

 

 

c. Windows 

k=0.78, t1=5mm 1U = 1h� + 1h� + tlkl = 1.21 + 0.0050.78 = 1.216 → $ = 0.82	 � A�.℃⁄  

�f = 2 × 3 × 44 = 264A� #f = $�f∆� = 0.82 × 264 × (11 − 6) = 1082� 

Therefore the total heat loss from the walls, windows and the roof is # = #l + #� + #f = 936 + 2405 + 1082 = 4423� 

There are more ways of heat loss such as heat loss through ventilation system. To take 

those into consideration, and also to predict surplus heat required for the cold winter 

days when the temperature goes below 6℃, calculated value for total heat loss just 

decided to be multiplied by 1.5(6.63 kW). 

 

 

 

Appendix B 

 

B-1Calculation of combustion products 

According to the sample of cow dung [3] the components present in dry cow dung are 

presented in Table 2. In following, chemical composition, volume flowrate and 

physicochemical properties of the combustion products are required in different steps 

of equipment design. 
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 Dry cow dung contains by mass (Table 2): 

31.6% Carbon, 5.18% Hydrogen, 6.12% Nitrogen, 37.8% Oxygen and 19.3% Ash. 

 

Combustion processes =	 + M� = =M�         (B.1) 12	 + 	32 = 44 Hence	0.316	kg	of	carbon	needs	>32 12R @ × 0.316 = 0.843	kg	of	Oxygen	 and	the	amount	of	carbon	dioxide		produced	>44 12R @ × 0.316 = 1.16	kg 

 2H� + O� = 2H�O   (B.2) 4 + 32 = 36 Hence	0.0518	kg	of	hydrogen	needs	>32 4R @ × 0.0518 = 0.414	kg	of	Oxygen and	the	amount	of	water	produced	>36 4R @ × 0.0518 = 0.466	kg	 
 Therefore	total	oxygen	demand	is		0.843 + 0.414 − 0.378(oxygen	content	of	fuel)= 0.879	kg	 
 

Total	air	needed	is 0.8790.23 = 3.82kg				(since	O�	content	in	air = 23%	by	weight) 
 Nitrogen	in	flue	gas = N�	present	in	combustion	air	and	fuel = 0.77 × 3.82 + 0.0612 = 3kg Total	weight	of	flue	gas(without	considering	Excess	air) 1kg	of	fuel⁄ = 3 + 0.466 + 1.16= 4.63	kg 

 

 

The measured constituents in actual flue gas from incinerating 20 g dry fuel can be 

found in the article [3] 

According to that experiment, 20% excess air is used for complete combustion. In this 

project, 24% excess air is considered due to keep similarities between two processes. 

 Actual	mass	of	air	per	kg	of	fuel = (1 + Excess	air) × Totalair	flow	rate	required
= (1 + 0.24) × 3.82 = 4.74 kg	airkg	fuel 

 Amount	of	O�	present	in	flue	gas	per	kg	of	fuel = 0.24 × 3.82 × 0.23 = 0.21kg Total	amount	of	N�	present	in	flue	gas	per	kg	of	fuel = 0.24 × 3.82 × 0.77 + 3 = 3.71kg 
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 Total	mass	of	flue	gas	per	kg	of	fuel = 1.16 + 0.466 + 0.21 + 3.71= 5.55kg	flue	gas	per	kg	of	fuel Mass	flow	rate	of	fuel = 10kg/h Total	mass	flow	rate	of	flue	gas= mass	flow	rate	of	fuel × Total	mass	of	flue	gas	per	kg	of	fuel = 10 × 5.55
= 55.5 ≅ 56 kgh ≅ 125 �� ℎ⁄  

 

Results of calculations are summarized in Table 3. 

 

 

B-2 Heating value of the fuel 

The basis of calculation is taken 10 kg dry cow dung (fuel) per hour and the basic 

combustion reactions which generate heat are: C + O� → CO� + Heat	of	Combustion               (4.12) H� + 1 2R O� → H�O + Heat	of	Combustion     (4.13) 

Heat of combustion will be overestimated if the combustion heat of each element 

(carbon and hydrogen) is considered as the available heat; then in following calorific 

value (CV) of the fuel is considered as the basis of available heat source. This value, 

13775kJ/kg, is extracted from literature [14]. 

 

 

B-3Temperature of the Flue gas: 

Applying energy balance about combustion system results: 

 O¡ = =¢ + O£              (B.3) 

where, HP and HR are the enthalpy of the products and reactants respectively.  

 

Reactants Products 

0.32 kg C 1.16 kgCO2      

0.05kg H        0.47 kg H2O 

1.47kg O2       0.21kg O2 

3.71 kg N2 3.71 kg N2 
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If the initial temperature of the reactants is assumed 16℃ and the value of HR is the 

sensible heat of the reactants (ref. 25℃): O£ = (16 − 25) × ¤0.32 × =¡¥¦§¨©K + 0.05 × =¡ª«¬§©®K + 1.47 × =¡¯�«®K + 3.71 × =¡°J±§©®K² (B.4) 

 

Heat capacity of each element at any temperature can be extracted from literature [17]. 

The mean temperature of the reactants over this interval is 20.5℃	((16+25)/2).  
At this temperature the values of the specific heat capacity for the following elements 

are:  

C  0.71 kJ/kg.K 

H            14.54 

O2  0.91 

N2  1.03 

Therefore    

HR = -55.02≈-55 kJ/kg of dry cow dung 

Hence, the enthalpy of products: O¡ = =¢ + O£ = 13775 − 55 = 13720	 �³ �g⁄  

Let’s assume that the temperature of the product is 1575℃. Then mean temperature of 

the products above 25℃ is: 1575 + 252 = 800℃ 

At this temperature specific heat capacity of the products are as following: 

CO2  1.27 kJ/kg.K 

H2O       2.31 

O2  1.59 

N2  1.39 

 

Therefore; 13720 = >�9 − 25@{1.16 × =¡.H<� + 0.47 × =¡.µ�¶ + 3.71 × =¡.E� + 0.21 × =¡.¶�} �9 = 1729	℃ 

The new mean temperature of the product is: 1729 + 252 = 877℃ 
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The new set of CP values of products: 

CO2  1.27 kJ/kg.K 

H2O             2.39 

O2  1.11 

N2  1.19 

Tf= 1918℃ 

 

Then the new mean temperature of product will be: 1918 + 252 = 971℃ 

The new CP data will be: 

CO2  1.29 kJ/kg.K 

H2O                2.45 

O2  1.12 

N2  1.21 

Temperature of product will be 

Tf=1886 ℃ 

By repeating the same procedure, new value of Tf will be the same. 

Then the last value is reported as the final temperature of the product (1886℃). 

 

 

 

B-4 Mean properties of a gas mixture 

 

In order to do calculation of water-tube boiler, following physiochemical properties of 

the flue gas at film temperature (T=1272℉ (689℃)) are needed: 

 

 

Specific heat capacity  

 C¹º = ∑¼½y¾¿yÀy∑¾¿yÀy    (B.5) 

C¹n = �.�Áfl×!!×�.l!��.�fÁ×lÂ×�.l!��.�Ã��×�Â×�.�Á��.��Â�×f�×�.�f!!×�.l!�lÂ×�.l!��Â×�.�Á�f�×�.�f = 0.302	 Ä*Å ��	℉⁄ =1.26 �³ �g.℃⁄ , T=1272℉(689℃) 
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Dynamic viscosity of a gas mixture 

μº = ∑ÀyÇyÈ¾¿y∑ÀyÈ¾¿y     (B.6) 

μÉ = �.l!×�.�Á!l×√!!��.l!×�.�Â�!×√lÂ��.�Á×�.�Á��×√�Â��.�f×�.ll!�×√f��.l!×√!!��.l!×√lÂ��.�Á×√�Â��.�f×√f� = 0.094 �� (*. ℎ⁄ =			3.89 × 10D� �g A. .⁄ , T=1272℉	(689℃) 
 

 

Thermal conductivity of a gas mixture 

kº = ∑Ày|y È¾¿y�
∑Ày È¾¿y�     (B.7) 

�É = �.l!×�.�fÃ!× √!!� ��.l!×�.�!ÂÃ× √lÂ� ��.�Á×�.�f�× √�Â� ��.�f×�.�!��× √f��
�.l!× √!!� ��.l!× √lÂ� ��.�Á× √�Â� ��.�f× √f�� = 	0.0372Ä*Å (*	ℎ	℉⁄ =

0.064� A.℃⁄  , T=1272℉ (689℃) 

 

Final results for flue gas at 1272℉ can be found in Table 3. 

 

 

 

 

Appendix C 

C-1 Water-tube boiler 

A water-tube boiler is a kind of boiler in which water circulates inside the tubes and 

absorbs heat generated by fire.  

To start design procedure, size and material of the tubes should be selected. Therefore it 

is assumed that the tubes are made from carbon steel in nominal size of 1inch and in 

pipe schedule of 80, with Outside Diameter (OD) of 1.315inch and Inside Diameter (ID) 

of 0.957inch and wall thickness of 0.179 inch. 

 Number of tubes are assumed; in width (Nw)=3, Length=4ft, ST=SL= 2 in, and the 

arrangement of the tubes is assumed staggered. 

Initial gas temperature (Tg1) is assumed, 3000℉ (90%ofthe flame temperature) due to 

take into consideration the non-adiabatic condition of the boiler; and the outlet gas 

temperature (Tg2) is assumed at1587℉. Then the average gas temperature is: 

�,'ËPg'	gP.	*'AÌ'ËP*ÅË' = �Él + �É�2 = 	3000 + 15872 = 2293℉ 

It is also assumed that the temperature of generated steam inside the tubes is 248℉	
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(120℃). Let’s take tube wall temperature at 250℉. Therefore the film temperature: 

Í+�A	*'AÌ'ËP*ÅË' = 2293 + 2502 = 1272℉ 

Gas properties at film temperature (detailed calculations can be seen in Appendix B-4) 

are as following: =¡É = 0.302Ä*Å ��.℉⁄ ÎÉ = 0.094 �� (*	ℎ⁄ �É = 	0.037Ä*Å (*	ℎ	℉⁄  

 

Boilerduty 

 # = AÉ × =¡É × >�Él − �É�@ 
 Boilerduty(Q) = 125 × 0.302 × (3000 − 1587) = 53340	 Ä*Å ℎ⁄ = 15.63�� 

 

The amount of energy absorbed by the steam is the same as enthalpy change when the 

liquid water is evaporated at 248℉. At this temperature the pressure of saturated steam 

is 29.82 psi [16]: ∆O = OÐ − O� = (1164 − 216.48) = 947.52Ä*Å ��⁄  

Ñ*'PA	g'-'ËP*+Ò- = 53340947.52 ≅ 56	��/ℎ 

Gas mass velocity Ó = Ô×l�E�×�×(�ÕD�)  (C.1) [16] 

Ó = 125 × 123 × 4 × (2 − 1) = 125	 �� (*�ℎ⁄  

 

 

 

Reynolds number 

Ö' = Ós12Î = 125 × 112 × 0.094 = 111 

To calculate convective heat transfer coefficient (hc) Grimison’s equation [16] can be 

used. (N=0.556, B=0.482) GÅ = Ä × (Ö')E = 0.482 × (111)�.���         (C.2) GÅ = 6.61 

Then the convective heat transfer coefficient 

ℎ0 = GÅ × 12 × �s = 6.61 × 12 × 0.0371 = 2.93Ä*Å (*�ℎ℉⁄  
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To compute nonluminous heat transfer coefficient partial pressure of H2O (Pw) and CO2 

(Pc) should be known. This value is 0.14 for both gases; therefore the beam length [16]: 

Ä'PA	�'-g*ℎ = 1.08 × Ñ� × Ñ� − 0.785 × s�s = 1.08 × 2 × 2 − 0.785 × 11 = 3.47	+-= 0.088A 

 

 

 

To compute K one may use the following equation [16]: 

× = (�.Â�l.�¡�)×>lD�.fÂ� l���⁄ @È(¡Ø�¡�)� × (Ù0 + Ù�)     (C.3) 

 �,'ËPg'	gP.	*'AÌ'ËP*ÅË' = 2293℉ ≅ 1530× 

Therefore: × =0.765 

Gas emissivity   "É = 0.9 × (1 − 'DÚ�) = 0.9 × (1 − 'D�.Ã��×�.�ÂÂ) = 0.059 

Then hN[15]: 

ℎE =  "É ��D�©��D�©        (C.4) 

ℎE = 0.173 × 10DÂ × 0.023 × 3000! − 250!3000 − 250 = 1.17 

Assuming boiling heat transfer coefficient of 2000 Btu/ ft2.h, tube thermal conductivity 

of 25 Btu/ft h ℉	and	fouling	factors	of	0.001:	
 lF = l4°�4Ø + ((< + ((: × �©�J + s< ÛÜ(�© �J⁄ )�!~I + �©�J×4J  (C.5)  [16] 

 1$ = 13 + 2.93 + 0.001 + 0.001 × 1.3150.957 + ln Ý1.3150.957Þ × 1.31524 × 25 + 1.3150.957 × 2000 =			 0.169+ 0.001 + 0.001 × 1.37 + 7.28 × 10D! + 6.87 × 10D! = 0.247 

 $ = 4.04Ä*Å (*�ℎ⁄ ℉ 

 

Equation (C.5) is the summation of the heat resistance through a cylindrical pipe with 

consideration of fouling effect on heat transferring.  
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Log mean temperature difference: 

∆T = (3000 − 248) − (1587 − 248)
ln ß(3000 − 248) (1587 − 248)à á

= 1961℉ 

Required surface area; 

� = #$ × ∆� = 533404.04 × 1961 = 6.73	(*� � = 3.14 × 1 × G� × 3 × 4 12⁄ = 6.73	 → 	G� = 2.14 ≈ 2 

 

 

 

Gas pressure drop 

To calculate gas pressure drop, friction factor, f, should be estimated [16]: 

f = ReD�.l� ã0.044 + �.�Â�ä �⁄(åæ çR Dl)è.��é{.{�¬ êä⁄ ë       (C.6) 

Then: ( = (111)D�.l�(0.044 + 0.08 × 2) = 0.1 ∆ÙÉ = 9.3 × 10Dl� × (Ó� × E¬ì                          (C.7)  [16] 

To calculate the gas density: 

í = î¢  

î =ït:î�: = 0.14 ∗ 44 + 0.14 ∗ 18 + 0.69 ∗ 28 + 0.03 ∗ 32 = 28.96 

í = 28.96 × 492359 × (460 + 2293) = 0.014 

∆Pn = 9.3 × 10Dl� × 0.1 × 75� × ��.�l! = 7.47 × 10D�in WC = 0.019 pa 

The average heat flux on the tube ID basis is: � = 4.04 × (1272 − 250) × 1 0.957⁄ = 4314	 Ä*Å (*�ℎ⁄  

 

 

C-2 Tubular air heaters 

To size an air heater, first the total number of tubes should be determined: G1 = �.��Ô�J}ìÐ                      (C.8)  [16] 

For the gas side convection heat transfer coefficient, hi 
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ℎ: = 2.44 × ��.Â H�J{.ò       (C.9)  [16] 

C is estimated at average flue gas temperature 

To determine air side heat transfer coefficient at the air film temperature 

 *9 = (3*É + */) 4⁄            (C.10)   [16] ℎ< = 0.9 × Ó�.� ó�è.�         (C.11)   [16] 

 

Overall heat transfer coefficient can be calculated by using: 1$ = 1 × sℎ:s: + 1ℎ< 

If the metal resistance is neglected the following equations can be used to determine 

pressure drop in gas and air side: ∆ÙÉ = 93 × 10D� × (�� ����Jì�J�           (C.12)   [16] 

∆Ù/:6 = 9.3 × 10Dl� × (Ó� E¬ì¦J§        (C.13)   [16] 

Specific heat capacities of flue gas and air are assumed at 0.28 and 0.24 respectively. 

For this calculation the air flowrate is assumed 1250lb/h and the inlet air temperature is 

taken 60℉. In order to obtain the outlet air temperature, the outlet gas temperature should 

be assumed. This value is decided to be 212℉ (100℃): 

 

# = 125 × 0.28 × (1587 − 212) = 1250 × 0.24 × (*/ − 60) = 48125 Ä*Å ℎ⁄ = 14.1�� 

 

Then the outlet air temperature is */ = 220℉ and the average flue gas temperature 

*É = (1587 + 212) 2⁄ = 900℉ 

The density of flue gas is  

íÉ =
î
¢

=
28.96 × 492

359 × (460 + 900)
= 0.03 �� (*f⁄  

Therefore if the OD and ID of the tube are assumed at 0.84in and 0.55in respectively, 

((
l

�
)"nominal pipe size) and the velocity of gas is considered 30 ft/h: 

G1 =
0.05�É

s:
�íÉ¢É

=
0.05 × 125

0.55� × 0.03 × 30
= 22.96 ≅ 24 

If  G� = 4 and Ñ� = Ñ� = 3 +-(inline arrangement), the width of the air heater is 

�+s*ℎ = 4 ×
3

12
= 1 (* 

The number of depth 
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G� =
G1

G�
=

24
4

= 6 

Therefore      

ø'Ì*ℎ = 10 × 6
12R = 5(* 

To calculate hi, one can use the correlation (C.14) [16]; therefore at T=9000F, C=0.19 

then 

ℎ: = 2.44 × (l��

�!
)�.Â �.lÁ

(�.��){.ò      (C.14)  [16] 

ℎ: = 5.09 Ä*Å (*�ℎ⁄ ℉ 

To estimate gas mass velocity L should be assumed, it can be assumed 12 ft then 

� =
Ñ� − s

12
× G�ù =

2.5
12

× 4 × 12 = 10(*� 

 

Then            Ó = 1250 10⁄ =  125 �� (*�ℎ⁄  

Average gas and air temperature are 

*É = 900℉ P-s */ =
220 + 60

2
= 140℉ 

Therefore 

*9 = >3*É + */@ 4⁄ = 710℉ 

Hence, F=0.113 

ℎ< = 0.9 × (125)�.� × �.llf

�.Â!è.�        (C.15)   [16] 

ℎ< = 1.98 Ä*Å (*�ℎ℉⁄  

Therefore  

1
$

=
1

5.09
×

1
0.55

+
1

1.98
= 0.86 → $ = 1.16 Ä*Å (*�ℎ℉⁄  

To calculate log mean temperature difference, ∆T: 

 

∆� =
>�}D�¦{@D>�{D�¦}@

ÛÜ [>�}D�¦{@ (�{D�¦})]R
      (C.16)   [16] 

∆� =
(212 − 60) − (1587 − 220)

ln [152 1367]⁄
= 553℉ 

Then 

� =
#

$ × ∆�
=

48125
1.16 × 553

= 75 (*� =
ú × 0.84

12
× G1ù → ù = 14.2(* 

Hence 12 ft is still acceptable for the length of tubes. The exit temperature of flue gas is 

high enough to avoid risk of reaching dew point due to pressure drop. 
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C-3 Screen conveyor dryer 

The basic concept of design used for the dryers is heat and material balance.Hot air is 

induced by using an air fan and then passing through a tubular air heater. The total 

flow of air is 1250lb/h which is distributed into two dryers; 1000 lb/h of the flow is 

decided to flow through the screen conveyor dryer and about 250 lb/hr of the air, flows 

through the rotary dryer. 

G =
1000
2 × 2

= 250 lb ft�h⁄  

The heat transfer coefficient h, in fps units, is determined by: 

h = 0.01 G�.Â Dý
�.�⁄             (C.17) [12] 

where, ø5 (equivalent diameter) is the width of the dryer and is assumed 2ft.  

h =
0.01 × G�.Â

Dý
�.� =  

0.01 × 250�.Â

2�.� = 0.72 Btu ft�h℉⁄  

Substituting in Eq. (C.18) results the constant rate of drying: 

R¼ = ºþ
.

� = 4(�D�{)

�             (C.18)[12] 

ÖH =
h(T − Tl)
λ =

0.72 × (220 − 60)
1054

= 0.11 lb ft�h⁄  

where, T and T1 are the air and wet solid temperatures. Since the conveyor belt is screen 

type, drying occurs from two sides of solid; then the heat transfer area, A, is: 

A = 2 × 2 × 12 = 48 ft� 

The rate of drying mo
.  

mo
. = R� × A = 0.11 × 48 = 5.28 lb h⁄  

The density of the solid is 

í� = 65 �� (*f⁄ [13] 

And the mass of cake (wet cow dung) is 

m = 1.4 × 22 �� ℎ⁄ = 30.8 �� ℎ⁄  

The volume of the cake   

¢ =
A
í

= 0.474(*f 

Therefore the thickness of cow dung on the screen conveyor belt: 

thickness =
0.474 × 12

24
= 0.237+- = 0.6)A 

The quantity of moisture evaporated in 1hr through the first dryer is 5.28lb. Therefore: 

30.8(0.4 − ��) = 5.28 �� → �� = 0.229, 
wet solid at the outlet of the first dryer = 30.8 − 5.28 = 25.52 �� 

Therefore if the length of conveyer belt is 12ft, the speed of the belt should be roughly 

set to 12 (* ℎ⁄ . 
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C-4 Rotary dryer  

Relative humidity of inlet air is assumed 0.01.By using psychometric chart [12] and also 

by knowing dry- bulb temperature of 220℉, inlet wet-bulb temperature���, will be 

100℉. By assuming Nt= 1.5 as the number of thermal unit, 

G1 = �- ��¨D��¨

��¦D��¨
                       (C.19)[12] 

1.5 = ln
220 − 100
�4/ − 100

 

From this equation,�4/ = 127℉ and �8� may reasonably be set at the wet bulb 

temperature (100℉). Other quantities needed for calculation are 

λ at 100℉ = 1037 Btu lb ⁄ and specificheat capacities inBtu lb℉⁄  : 

C¹� = 0.5[18]C�o = 0.45 ,C¹	 = 1.0 

It is assumed that by passing cow dung through the rotary dryer, about 30% moisture 

content of it will be evaporated. 

X� = 0.229X� = 0.01m�. = 25.52 lb h⁄  

Then 

mo
. = 25.52 − 22 = 3.52 lb h⁄ = 25.52(0.229 − ��) → �� = 0.09 

The heat duty is found from substitution the quantities in Eq. (C.20): 
æ

º�.
= C¹�(Tå� − Tå�) + X�C¹	(To − Tå�) + (X� − X�)λ+ X�C¹	(Tå� − To) + (X� −

X�)C¹o(To� − To)                (C.20)   [12] 

If the inlet and outlet temperature of solid (Tsa, Tsb) is assumed at 80℉, 180℉ 
q�
m�.

= 0.5 × (180 − 80) + 0.229 × 1.0 × (100 − 80) + 1037 × (0.229 − 0.09) + 0.1 × 1.0

× (180 − 100) + 0.095 × 0.45 × (127 − 100) = 216 Btu lb⁄  

Only the first and third terms are significant. Therefore, 

q� = 216 × 25.52 = 10554 Btu h⁄  

By assuming  Cå� = 0.5 Btu lb ℉⁄  

mn
. (1 + ℋ�) = æ

¼��(���D���)
                  (C.21) [12] 

mn
. =

5512
0.5(220 − 127)(1 + 0.01)

= 118 lb h⁄  

Therefore predefined flow rate of hot air coming from tubular air heater (250lb/h) is 

sufficient for the rotary dryer. The outlet humidity ℋ� is found from Eq. (C.6): 

ℋ� = ℋ� + &�.
&

.         (C.22) [12] 

ℋ� = 0.01 +
3.52
118

= 0.04 lb lb⁄  
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At the dry-bulb temperature(�4/) of 127℉, wet-bulb temperature (��/) for ℋ� = 0.04 is 

102℉, almost the same as T¿�(100℉) (as it should be for adiabatic drying). The dryer 

diameter can be taken of 2 ft. Therefore the length of dryer can be obtained by using 

following formula: 

L = æ

�.l�����è.��∆�����                                                  (C.23)    [12] 

The logarithmic mean temperature difference is: 

∆T���� =
(220 − 100) − (127 − 100)

ln[(220 − 100) (127 − 100)]⁄
= 62 ℉ 

Therefore, 

L =
5512

0.125 × π × 2 × ( llÂ
�×}}

�

)�.�Ã × 62
= 9.97 ≅ 10 ft (3m) 

 

C-5 Heat Exchanger 

This heat exchanger is used for condensation of steam generated in boiler. The aim of 

this process unit is recovering latent heat of the steam which means indirectly extraction 

of a portion of energy stored in cow dung (fuel).  

Available latent heat is calculated of 53340 Btu/h. A shell and tube heat exchanger in 

which steam flows inside the shell and water flows inside the tubes is selected as the 

condenser.  

It is also assumed that the inlet temperature of the water is�0: = 104℉ = 40℃ 

And the outlet temperature of the water is�0< = 140℉ = 60℃ 

The mean temperature would be 122℉ and in this temperature the heat capacity of 

water is almost 1 Btu/lb.℉. Then the total flow rate of water is given by: 

A�
. = 53340 1 × (140 − 104)⁄ = 1482 �� ℎ⁄  

Therefore the flow rate in the header of supply is1482	lb h⁄  

First the overall heat transfer coefficient should be determined to use for the NTU-

effectiveness method.  

$ = 1l4J + l4©
 

 

where, ℎ: can be estimated by using an internal flow correlation.  

Ö' = 4A�.úøÎ = 4 × 0.187ú × 0.025 × 1.31 × 10Df = 7274 > 2100 

The flow is turbulent and from Eq. (C.24) [8]: 
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GÅ� = 0.023Ö'�! �R ÙË�.! = 0.023 × (7274)�.Â × (3.65)�.! = 47.43 

Hence 

ℎ: = GÅ� �ø = 47.43 × 0.5850.025 = 1110� A�×⁄  

where, k is the thermal conductivity of water at 50℃.  

To design the heat exchanger NTU-effectiveness method is employed. Using the design 

calculation methodology, for the condensation process: Cw = Cº�� = ∞ Cº�Ü = m¼. C�� = 0.187 × 4180 = 782W K⁄  

From which Cº�ÜCº�� = C" = 0 

 

The maximum possible heat transfer rate is: qº�� = Cº�Ü>Tw,� − T�,�@ = 782 × (120 − 40) = 62.56KW 

From which 

ε = 
$�% = l��f�&�����& = 0.249     (4.7) 

Therefore G�$ = − ln(1 − ")       (C.25)    [8] G�$ = 0.287 

 ℎ<  is assumed to be 11000 w/m2K therefore: 

U = 1llll�+ lll���
= 1008� A. �⁄  

 

From Equation 11.24, it follows that the tube length per pass is; 

ù = E�F.HIJKF(E�'�) = �.�ÂÃ×ÃÂ�Ô ÚRl��Â×l×�×'×�.���	& = 1.41A       (4.11) 

 

Friction factor can be obtained from Eq. (C.26) [8], ( = 0.184 × (7274)D�.� = 0.031 

Maximum velocity of water inside the tube: $& = 4A�. íúø�R = 4 × 0.187 997 × ú × 0.025�R = 0.382A .⁄  
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C-6 Heating elements 

 Increase in heat transfer associated with using fins is the main goal of this section. With 

the fins in place, the heat transfer rate is given by Eq. (C.27) [8]; �1 = ℎ�1 (1 − E)*± >1 − +9@, -�                                     (C.27) 

 

where, �9 = 2ú(Ë�� − Ël�) = 2ú[(0.048)� − (0.025)�
 = 0.0105 

 

And from Eq. (C.28) [8], Az = N × A. + 2πrl × (H − N × t) (C.28) Az = 20 × 0.0105 + 2π(0.025) × [0.6 − 0.006 × 20
 = 0.285m� 

The fin and the body of heating elements are made of 2024-T6 Aluminum alloy with 

thermal conductivity of k=186 W/m.K 

In following  r� rlR = 1.92, L¼ = 0.023, A¹ = 1.38 × 10D!m�, h=1.305 

We obtain;  L¼f �R (h kA¹R ){} = 0.025. Hence from Fig. 3.19 in Incropera handbook [8], 

efficiency of the fins is 98%, the total heat transfer rate is then 

qz = 1.305 × 0.285 × /1 − 20 × 0.01050.285 × (1 − 0.98)0× (50 − 16) = 12.46W 

Without the fins, the convection heat transfer rate would be: q¿ = h(2πrlH)θ� = 1.305 × (2π × 0.025 × 0.6) × (50 − 16) = 4.18W 

 

Hence the difference in heat rate from a heating element with and without using fins: ∆q = qz − q¿ = 8.28W 

 

The total number of heating elements supplied by 0.68m3/h water of 60℃: ¢�. = 0.68 = G1 × ú × Ël� × � = G1 × ú × 0.025� × 0.6 → G1 = 578 

 

 To check the possibility of supplying 6.63kW heat by using these elements in length of 

60cm which are mounted on two walls in size of 44m×4m under the glass windows: 

G1 = 6635�12.46� = 533 < 578 

Then it means that the number of heating elements is sufficient to warm up the farm 

building. To arrange the elements on the walls it is decided to install 6 elements on each 
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column. Therefore: 

GÅA�'Ë	Ò(	)Ò�ÅA-.	Ò(	ℎ'P*+-g	'�'A'-*.	Ò-	'P)ℎ	�P�� = 578 2R6 ≅ 48 �Ò*P�	GÅA�'Ë	Ò(	ℎ'P*+-g	'�'A'-*. = 48 × 6 × 2 = 576 �Ò*P�	PAÒÅ-*	Ò(	ℎ'P*	.ÅÌÌ�+'s	�t	ℎ'P*+-g	'�'A'-*. = 576 × 12.46 = 7177� 

 

Then it means that heat supplied is more than heat demand. 

 

 

 

 

C-7 Circulation pump 

As a rough estimation of the tube length used in this project: ù = 4 ∗ 44 + 2 ∗ 20 + 576 ∗ 0.6 + 50 = 612A 

Therefore by assuming 2 in for the entire tubes and maximum water velocity inside the 

tubes (section C-5), pressure drop can be determined: 

 

∆Ù = ( í$&�2ø ù = 0.031 × 997 × (0.382)�2 × 0.05 × 612 = 27602G A�⁄ = 27.6�ÌP 

Then the hydraulic power of circulation pump should be at least equal to this value. 

 

 

C-8 Overall heat balance on the system 

The amount of combustion heat applied to the water-tube boiler and tubular air heater: # = #�<:356 + #/:6	45/156 = 15.63�� + 14.1�� = 29.73�� 

The amount of heat released to environment from the incinerator: #�<88 = #H − # = 38.26�� − 29.73�� = 8.53�� 

Then the fraction of the heat recovered in boiler and tubular air heater: ##H = 29.7338.26 ≅ 0.78 = 78% 
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Table 6 Detail specification of the designed equipment 

Equipment detail specification 

Water-tube boiler 

Fuel(Dry cow dung) Flue gas Steam outlet Tube 

Temp 16℃ Tg1 1648℃ Temp 120℃ Di 0.024m 

Flowrate 10kg/h Tg2 864℃ Pressure 198.54kpa Do 0.033m 

Composition G 57kg/h Flowrate 25.4kg/h L 1.22m 

C 31.6 wt% ε 0.101 
  

Material C .S 

H 5.18 wt% Composition 
  

Nt 6 

O 37.8 wt% CO2 0.0913 
   

  

N 6.12 wt% H2O 0.084 
 

Duty 15.63Kw 

Ash 19.3 wt% N2 0.093 
 

Length 4 

  
 

O2 0.73 
 

Width 1.22m 

    TotalFlow 57kg/h   Height 1m 

Screen conveyor dryer 

Air   Wet cow dung   Equipment size 

Tin 104℃    A2.  2.4kg/h 
 

Legnth 2.44m 

Tout 104℃   Wet solid 14kg/h 
 

Width 0.61m 

Flowrate 454kg/h 
 

Xa 0.4       

  
 

  Xb 0.23   
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Table 6 Detail specification of the designed equipment (Continued) 

Rotary dryer 

Air   Wet cow dung   Equipment size 

Tin 104℃ 
 

Tin 26.7℃ 
 

L 3.6m 

Tout 53℃ 
 

Tout 82℃ 
 

D 0.61m ℋa 0.04 
 

X1 0.229 
 

Air flow 113kg/h ℋb 0.01 
 

X2 0.09 
  

  

Tubular air heater 

Air 
 

Gas 
 

Equipment size 

Tin 16℃ 
 

Tin 864℃ 
 

Depth 1.52m 

Tout 104℃ 
 

Tout 100℃ 
 

Width 0.3m 

G 567kg/h 
 

G 57kg/h 
 

Nt 24 

  
     

L(stack) 3.6m 

Heat exchanger 

Tube side 
 

Shell side 
 

Equipment size 

Tin 40 ℃ 
 

Tin 120℃ 
 

Nt 1 

Tout 60 ℃ 
 

Tout 120℃ 
 

U 1008W/m.k 

Water flow 672kg/h 
 

steam 25.4kg/h 
 

L(tube) 1.41m 

Heating element 

Tube 
 

Fin 
 

Equipment size 

Tin 60 
 

Q 12.46W 

 
L 0.6m 

Tout 40 
 

ηf 0.98 
 

Fin thickness 6mm 

r1 0.025m   L 0.02m   Nt 576 
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Fig. 23 Incinerator drawing in different view (Steam drum is excluded) 

 

 

 


