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ABSTRACT: An observational analyze is made to choose the thermal production by action and action inside a closed 
enclosure, intersecting by two rounded tubes. The aim of this analyze is to choose the amount of energy necessity, then 
to example it for actual applications (drying, solar collectors etc.). An amount of dry biomass is treated in two 
interdependent fireplaces with two rounded tubes which covers a compressed envelopment. The conclusion of the 
amount of energy emitted by irradiation and activity in the closed envelopment and which establishes the effective 
energy in the case of drying, accounts for 33% of the normal energy comprised in the fuel (wood). 
 
KEYWORDS: Thermal conveyance, combustible material, cylindrical pipes, natural process and irradiation. 
 

I.  INTRODUCTION 
 
The improvement of the heat balance of an energizing data converter depends upon the assure which one can have on 
mainly radiative heat commutation and convectional [1]. If the skill of an isotherm hot surface gets in possible to 
correctness consider the total importance of the thermal changes of convection and radiative beginning inside an 
envelopment, the taking into account of the dispersion of the temperatures of this grade-constructed is necessity for the 
assure and the rating of the respective heat flows emitted. Whatever its employ, a heat exchanger cannot function 
invariably in steady functioning. Transitional levels interpose particularly for the menses of start-up or stop of the 
system [2]. Varied manners are to be conceived since a flow or an inlet temperature alters in the course of time. 
Substantial gains in transfer of heat are due to the gain in turbulence [3]. In order to better measure the amount of 
energy carried in the enclosing by the exchanger, we put forth the following effronteries. 
 

 The flow of energy contributed into play arrives from the radiative channelize of the exchangers and the 
instinctive natural action around the exchangers. 

 The fuel (wood) has a fixed water capacity 
 The growths of thermic inactiveness relating to the air and the thermic casualties in the piping of connection 

are paltry. 
 The fashion of the flow of clobber in the pipe is troubled and the feed of is fixed [4]. 
 The atmosphere is crystal clear with the infra-red radiation. 
 The inlet fundamental measure of the clobber in the pipe are superposable to each period of foundation of 

wood into the fireplaces. 
 The attributes of the air and smoke are appreciably adequate. 
 The developments of flow are superposable in the two pipes. 
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II. FABRIC AND METHOD ACTING 
 
A. FABRIC 
 
The filled up document, of proportion 3 m X 2 m X 1,2 m, is constructed in little base bricks over of 22 cm X 11 cm X 
6,5 cm. It is the framework of a drier. Each heat exchanger consists of two galvanized steel pipes of external diameter 
134mm and internal diameter 125mm. Each pipe measures 3m length. One of the ends of the pipe emerges in the hearth 
and the other closed end, allows the drain of smoke in the chimney of racking (figure 1). The fabric employed for 
measurements comprises of a mechanical balance (spring balance) of maximal charging of 10 kg and which is wont to 
weigh wood in heaps of 1, 2, 4, and 6 kg. 
 
An electronic measuring device comes through possible to assess the temperatures of smoke inside the pipes and on 
comes out of the pipe through the thermocouple. The temperature in the enclosing is measured by a thermocouple. A 
aired drying oven [5] is used to decide the anhydrous mass of beam. An electronic balance Musculus sartorius is 
employed for the menstruation of the deviations of mass of wood during the decision of the anhydrous mass. Type K 
thermocouple junction comes through possible to measure the temperature of the smoke, of the surface of pipe and the 
enclosing. An electronic chronometer makes it possible to follow the development of the various parameters in time. 
 
B. SCIENTIFIC METHOD 
 
The beam advance was considered and put in batches and brought in adequate measure into the two firesides. The 
various temperatures and the air velocity at the entry are recorded with regular interval (15 to 20 min). As soon as the 
fundamental measure in the enclosing casts off  up to 55 °C, the two fireplaces are in charge of the same amount of 
wood as previously and the cycle starts again. The same procedure is taken again for several flow rates of beam. The 
fundamental quantity measuring of the bullet is made on only one pipe. In analogue, a sample of beam is put in the 
drying out ventilated oven to decide its anhydrous mass in order to derive the water content of beam. 
 

 
Figure 1: Cut in duration and breadth of the device with the manners of changes 

 
III. CONSEQUENCES AND TREATMENT 

 
A. WATER CAPACITY OF BEAM 
 
The water capacity (wet base) of beam found is 22.7 %. This consequence is wont to find the potential energy of beam. 
 
B. HEAT CORRESPONDENCE OF THE ENVELOPMENT 
 
The ability of the thermo properties of some materials used in the construction of device is necessary to demonstrate an 
energy correspondence. Table 1 demonstrates these belongingness for fabrics employed where is the density, 
thermal conductance and the constant of emission. 
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Table 1: attributes of fabrics 

 
The examinations pulled round potential to find the mean temperature exchanged and assesses at the several points in 
the device. These values are charged in table 2 where ef is the mean fundamental measure of bullet at the entering of 
the pipe, f the mean temperature of smoke region the pipe, sf the average fundamental quantity of smoke at the outlet 
side of the exchanger, the mean temperature of the exchanger, ai the average temperature of the air in the 
envelopment, pi the mean internal temperature of the walls of the envelopment and am the ambient temperature. 
 

 
Table 2: Mean temperatures at the several points of the enclosure 

 
The assesses of table 2 are wont to decide the thermopile attributes of the air or smoke which will make it potential to 
compute the various constants of heat commutation. The higher calorific value of beam lies among 18 and 22 MJ/kg 
[6]. The water capacity of beam used, assessed at the research lab, is 22.7% wet base. The lower calorific value of 
beam (PCi) is adequate to 2800 kcal/kg [6]. 
 
B.1. ALTER BY ACTION 
 
The energy action substituted by convectional among the pipe and the air in the enclosing is ascertained by: 
 

c = 2.h.S (c - a) ------------------------- (1) 
 
Where c is the activation energy action substituted by convectional, h the constant of commutation by convectional, S 
the heat-transmitting surface, c and a the fundamental quantity of the exchanger and air in the envelopment 
respectively. The fixed h, in the case of a instinctive action, is decided by the following coefficients of correlation of 
Mac Adam [7, 8]. 

 
C and m vary granting to (Gr.Pr). Taking into account proportions of the exchanger, the value of h is guessed at 6 W/m 
2 °C and the equation (1) becomes: 

c = 14,4.( c - a)--------------------------- (6) 
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B.2. COMMUTATION BY IRRADIATION 
 
The flow substituted by irradiation is decided by the correlation: 
 

 
Where is the constant of emission of the pipe and = 5,675E-8 W.m-2.°K-4 .The equation (7) gets. 
 
r=11.(((c+273,15)/100)4 -((a+273,15)/100) 4) -----------------------------------------------------(8) 
 
The total energy flowage experienced by the envelopment is: t=r+c -----------------------------------------(9) 
 
B.3. ENERGY FEEDS ENSUING FROM BURNING 
 
We build the acquisition that deflagration is done with an extra of 20% of air (value generally proposed in the 
literature). By failing the comportment of nitrogen in beam, the equality of flame is given in the following global form. 
 
CxHYOZ + W (O2 + 3,77.N2) (1+e)X.CO2 + 0,5 Y H2O + 3,77.W.N2 + e W (O2+3,77.N2)---10 
 
Where e constitutes the extra of air (e = 0,2). By appreciating of the constitution of wood, the equation (10) turns. 

 
 
The smoke-producing capacity (PF) deduced from the equation (11) is of 6,125 Nm3 / kg of wood. The energy flow 
transmitted by smoke through the exchanger is determined by the expression. 
 

f = 2.mf Cpf (e-s) -----------------------------------------------------------------(12) 
 
Where e (°C) and s (°C) are severally the fundamental measure at the entrance and the exit side of the exchanger, mf 
(kg/s) is mass flow of smoke, Cpf (J.kg--1.°C-1) is heat-storage capacitance of  smoke . 
 
High Mass flow of smoke at the fundamental measure q is compulsive by the following equation. 
 

 
Where Db (kg/h) is the rate of flow of beam, and is density of smoke at the fundamental measure . 
 
The force flow carried by smoke to the surroundings (smoked loss) is decided by the formula below. 
 
pf = 2.mf Cpf (s - am)----------------------------------------------------------- (14) 
 
Where am is the fundamental measure of the surroundings. The potential energy (Qb) of the beam is decided by the 
equation below. 
 
Q b= Pci.(1-Xb)-Lv. Xb---------------------------------------------------------------------------------- (15) 
 
Lv (J/kg) and Xb (%) are severally the heat of transformation of evaporation of water and the water content of beam. 
Table 3 demonstrates various energy bleeds for three flow rate of beam. 
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Table 3: Value of different catamenias of energy for several flow rate of beam 


b is the potential energy action of beam. The fluctuations of force flow from for various flow rate of wood are 
constituted on figures 2 a, b and c. The various crooks show that the used to energy of activation flow carried by smoke 
in the envelopment is equal to the sum of the activation energy flow diversified by the exchanger and the energy flow 
carried by convection. 
 

 
Figure 2 a: Fluctuation of several energy flows for a beam flow rate of 6 kg/h 

 
Figure 2 b: Fluctuation of several energy flow rate for a beam flow rate of 4 kg/h 

 

 
Figure 2 c: Fluctuation of several force airflows for a beam flow rate of 2.7 kg/h 
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The flow rate of force carried by smoke in the confining is equal to the amount of the ability contained in the enclosure 
by beam of the exchanger and the power substituted by natural action among the exchanger and the natural enclosure. 
Figure 3 demonstrates a numerical model of the useful output for a beam flow rate of 6 kg/h. 
 

 
Figure 3: Exhibiting of the practicable output for a beam flow rate of 6 kg/h 

 
B.4. THERMAL EFFICIENCY APARTMENT OF THE EXCHANGED 
 
If (t) is the activation energy flow carried by a origin to a natural world. During a time T, total energy Q is observed 
by: 
 

 
The total activation energy broadcast in the enclosing during a time T is deducted from the equations (9) or (12). It is 
decided by the following equalities. 
 
 

 
The beam distilled activation energy throughout the same time is determined by the formula 
 

 
Where b is the ability furnished by beam. The thermal efficiency apartment exchanger is determined by the 
following formula. 

 
The practicable activation energy is the come out arraying between the curve of the energy flow and the x-axis. The 
energies derived from figures 1 a, b, c, are consigned in table 4. 
 

 
Table 4: Activation energy and output for several catamenias of beam 
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IV. CONCLUSION 
 
The analyze of the thermal change in a closed enclosing made it possible to decide the various heat catamenias 
substituted in the enclosing and the device composed of two startled steel pipes. The conclusion of the practicable 
output or the practicable energy by two unlike methods of calculation made it potential to obtain a thermal efficiency 
apartment of the exchanger of about 33%. This consequence can be used for the mocking up of the drier in load. 
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