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Numerical Investigation of Heat and Mass Transfer 
through the Preheater System in Cement  

Manufacturing Plant 
 
 
 
 
 
 

 
Abstract 

 

In this study, the last part of the preheater system in a cement manufacturing plant which is 

called pyroclon system is studied. The study covers the amount of tertiary air from cooler and its 

temperature effect on temperature of calcination also its effect on the amount of fuel that is 

supplied to pyroclon. Also, the study of the amount of hot gases from rotary kiln and its temperature 

effect on the temperature of calcination, and on the amount of supplied fuel. The results of the 

present work explained also the effect of quantity of the raw meal that enter the pyroclon and its 

temperature effect on the temperature of calcination and the amount of supplied fuel .Heat balance 

for pyroclon system and mass balance for all preheater systems and its chemical reactions are 

included. Then a computer program is constructed in order to calculate temperature distribution for 

gases and particles along pyroclon by considering the amount of the heat lost, which is transferred 

from the gas to particle and from the particle to the wall, also from the gas to the wall, depending on 

conduction, convection and radiation  in order to find the exit temperatures of gas and particles 

from pyroclon and to find the range of the pyroclon working for different values of gas velocities 

and the amount of fuel supplied. 

 

 

 ةـــــــلاصـالخ
منظومة  أجزاءمن  الأخٌروهو الجزء  (Pyroclon system)فً هذا البحث تم دراسة عمل منظومة المكلسن 

. حٌث تم دراسة تأثٌر كل من كمٌة الهواء الثلاثً فً عملٌات صناعة السمنت (Preheater system) الأولًالمسخن 
 وتأثٌرهTemperature of calcination  ى درجة حرارة الكلسنةدرجة حرارته علوتأثٌر  (Cooler)القادم من المبرد

 القادمة من الفرن الدوار و المكلسن إلىكمٌة الغازات الحارة الداخلة  أٌجاد على كمٌة الوقود المجهز. وكذلك أٌضا
Rotary kiln  تأثٌر كمٌة  على درجة حرارة الكلسنة وكمٌة الوقود المجهز. كذلك تم دراسة وتأثٌرهاو درجة حرارتها

على درجة حرارة  اودرجة حرارته (Cyclones) الدولاب الأسمنتً الحلزونً من القادمةRaw meal الأولٌة المواد 
 ٌنبالكامل اخذ الإنتاجًتم عمل موازنة للحرارة والكتلة عبر الخط  فً الدراسة الحالٌةلكلسنة وكمٌة الوقود المجهز. ا

. بعد ذلك تم عمل برنامج لحساب الأولًالتً تحدث ضمن منظومة المسخن  مٌاوٌةالكٌ بنظر الاعتبار جمٌع التفاعلات
اخذٌن بنظر الاعتبار كمٌات  المنظومة التً تمت دراستهاتوزٌع درجات حرارة كل من الغاز والمسحوق على طول 

الجدار وذلك بالاعتماد  إلىالجدار وكذلك من الغاز  إلىالمسحوق ومن المسحوق  إلىالحرارة المفقودة والمنتقلة من الغاز 
درجة حرارة خروج الغاز والمسحوق من  إٌجادمن اجل  رة بواسطة التوصٌل  والحمل  والإشعاععلى طرق انتقال الحرا

 المكلسن وبٌان المدى الذي ٌتم فٌه عملٌة الكلسنة لقٌم مختلفة من سرعة الغازات وكمٌات الوقود المجهز. 

1. Introduction 
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The heat and mass balance across the four stages preheater system play an important 

role to find the effect of amount of fuel on calcination process. In pyroclon system the amount 

of raw meal inlet does not equal to the amount of raw meal outlet and the difference between 

the two quantities depends on the amount of gases between two positions. There are many 

factors affecting heat balance in pyroclon, such as, by pass opening, the moisture content in 

raw meal, amount of excess air which limits the amount of gases production in this system, 

also the amount of fuel, temperature of fuel and amount of temperature of raw meal 
[1]

. 

The cement preheater system is considered as an important and a necessary part in the 

cement production process. The four-stage preheater which is studied in the present work 

consists of three cyclones of 5.4 m diameter, and two of 3.175 m. Typical temperatures and 

pressures of gas passing through the preheater system are as follows: 

 
Table (1) Typical temperatures and pressures of gas passing through  

the preheater system [2] 
 

 Pressure 

mm WG 

Temperature 

C 

Gas leaving kiln -30 1050 

Gas leaving bottom cyclone -140 822 

Gas leaving lower middle cyclone -195 667 

Gas leaving upper middle cyclone -270 575 

Gas entering I.D. fan -490 316 

Meal to kiln  783 

 
2. Fuel in the Cement Industry 

 

Fuels may be classified as solid, liquid, and gaseous. All three states may be employed 

in the cement industry. The solid fuels are coal (anthracite), lignite, peat, wood, and coke. 

Coal and lignite are used in cement rotary kilns and in dryers. Coke is used in cement shaft 

kiln. Among liquid fuels there is a heavy fuel oil which is predominantly used in cement 

manufacturing. Natural gas is the most common gaseous fuel in use of other gases of minor 

importance 
[2]

. The most important property of fuel oil is its ability to burn in the liquid state. 

Paraffins, olefins, napthenes and aromatic compounds are the four main groups of 

hydrocarbons forming fuel oils. The most significant fuel oils are: 

a. Mineral fuel oil (from crude oil). 

b. Caol-tar oil (from low-temperature carbonization of coal). 

c. Bituminous coal-tar oil (from low-temperature carbonization of bituminous coal). 

Fuel oils consist of several hundred compounds of hydrocarbons. Generally, fuel oils 

consist of 85-90% carbon, 5-10% hydrogen, oxygen, nitrogen, and sulfur amount of about    

(3-4%). In some kinds of fuel oil, the sulfur content amounts up to 3%. The heating values are 
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within the limits of LHV = (8500-10000) kCal/kg 
[3]

. In the present work 246000 m
3
/h of 

exhaust gas is drawn from the preheater by a variable speed induced draught fan of            

(370-970) rpm driven by 1000 hp motor. The 4.2 m diameter kiln is used and its length from 

the cooler inlets to the feed inlets is 60m. The slope of the klin is 3.4% and the maximum 

speed is 3.0 rpm 
[1]

. In Fig.(1) the different parts of the studied system are explained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Different parts of pyroclon system which is studied  
in the current work  

 
3. Combustion of Fuel Oil 

 

The following fuel oil composition may be assumed, to calculate the combustion gases: 
 

C:  85%  850 g 

H2:  12%  120 g 

S:  2.4%  24 g 

H2O:  0.6%  6 g 

Total   100%  1000 g = 1 kg 

C = 0.85 kg * 1/12 kgmol / kg = 708*10
-4

 kgmol 

H2 = 0.12 kg * 1/2 kgmol / kg = 0.06 kgmol  

S = 0.024 kg * 1/32 kgmol / kg = 7.5*10
-4

 kgmol  

4 

3 

2 

1 

5 

1. Rotary kiln gases 

2. Tertiary air 

3. Row material from cyclone (III) 

4. Fuel inlet to pyroclon system 

5. Gases outlet of pyroclon 
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H2 O = 0.006 kg * 1/18 kgmol / kg = 3.3*10
-4

 kgmol 
 

0.07083333 C + 0.06 H2 + 0.00075 S + 0.00033334 H2O + a O2 + 3.76 a N2                X 

CO2 + Y H2O + Z SO4 + 3.76 a N2   
 

After balancing the component of the equation then: 
 

C: balance  X = 708*10
-4

 kgmol 

H2: balance  Z = 7.5*10
-4

 kgmol 

S: balance  Y = 603.333*10
-4

 kgmol 

O2: balance  a = 1015.83133*10
-4

 kgmol 

N2 = 3.76 * a      = 0.381952582 kgmol 
 

Therefore, for 1 kg fuel oil produce: 
 

CO2 = 3.1166 kg / kg fuel  =1.576 Nm
3
 

SO4 = 0.048 kg / kg fuel  = 1.351 Nm
3
 

H2O = 1.086 kg / kg fuel  = 0.016 Nm
3
 

N2 = 10.8946 kg / kg fuel  = 8.698 Nm
3
 

Total = 15.130 kg / kg fuel  = 11.641 Nm
3
 

 

4. The Mathematical Analysis 
 

4-1 Mass Balance                                                                                                       

The analysis of mass balance through the four stage pyroclon system can be represented 

by the following equations 
[4]

: 

 

IR (1) = MK . RC1 + S (2) …………………………………………………... (1) 

 

IR (2) = M (1) . RC2 + S (3) ………………………………………………… (2) 

 

IR (3) = M (2) + RC3 . S (4) ………………………………………………… (3) 

 

IR (4) = M(3) . RC4 + KD …………………………………………………... (4) 

 

where:   

IR(i): represents total material inlet to cyclone (I) in kg/kg clinker 

S(i): represents dust quantity from cyclone (i); kg/kg clinker and RC1, RC2, RC3 and RC4 

are the reaction factors of free moisture evaporation.  

Chemically bound moisture evaporation, recombination reaction and calcination 

reaction respectively, which is given by 
[5]

: 

 

RC1= [1 – (H2O free from feed) / MK] …………………………………………. (5) 
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RC2 = [1 – (H2O chem. from feed) / MK] ……………………………………….. (6) 

 

RC3 = [1 + (0.44 . Cb)] ………………………………………………………. (7) 

 

RC4 = [1 – (0.44 . RR . Cb)] ………………………………………………… (8) 

 

where:    

Cb: is Kiln feed calcination degree and RR is quantity of CaCO3 in 1 kg of raw meal. 

and, 

 

M(i) = Ec(i) . IR (i) …………………………………………………………... (9) 

 

S(i) = [1 – Ec(i) ] . IR(i) ……………………………………………………. (10) 

 

where:  

Ec(i): is separation efficiency of cyclon (i).  
 

The overall mass balance for pyroclon system is given by: 

 

M3 + S3 + KD = IR(4) ……………………………………………………… (11) 

 

mioses = M3 + S3 + KD – IR(4) ……………………………………………... (12) 

 

where:  

 

KD = (1 – By) .SK (1 – GK) ……………………………………………….. (13) 

 

in this equation KD means the quantity of kiln dust reaching to preheater system in kg/kg 

clinker, By  is By pass opening and GK is ignition loss of kiln dust. 

 

4-2 Heat Balance 

The balance of the pyroclon system is considered as follows, see Fig.(1) 

The heat input to pyroclon by fuel is calculated by: 

 

Q1 = mf . Cpf . (Tf – Tref) + mf . Hc  ……………………………………... (14) 

 

The heat input to pyroclon by hot goses kiln is given by: 

 

Q2 = mg . Cphg . (Thg – Tref) ………………………………………………... (15) 

 

The heat input to the pyroclon by raw meal from cyclone (III) is calculated according to 

the following equation: 
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Q3 = ms . Cps . (Ts – Tref) …………………………………………………... (16) 

 

The heat input to pyroclon by tertiary air that comes from clinker cooler is calculated as 

follows: 

 

Q4 = ma . Cpa . (Ta – Tref) ………………………………………………….. (17) 

 

The heat exit of pyroclon to cyclone is calculated by heat balance according to the 

following equation: 

 

Q + Q2 + Q3 + Q4 – Qlosses = Q5  …………………………………………… (18) 

 

To find temperature of pyroclon at bottom (temperature of calcination) the following 

equation will be used: 

 

Q1 + Q2 + Q3 + Q4 = Q5  ……………………………………………………. (19) 

 

where:   

Qlosses: are neglected, and 

Q1: Heat input to pyroclon from fuel. 

Q2: Heat input to pyroclon from hot gases. 

Q3: Heat input to pyroclon from raw meal. 

Q4: Heat input to pyroclon from tertiary air. 

Q5: Heat inside of the pyroclon.   

 

4-3 The Heat Input to Pyroclon by Fuel 

To calculate heat input to pyroclon by fuel the following equation is used 
[6]

: 

 

Cpf = 0.40241 + 8.0918*10
-5

 Tf + 5*10
-8

 *Tf
2
 [kcal/kg.C] …………..... (20) 

 

where:  

Cpf: is a specific heat of the fuel oil which have specific weight of [0.75-1] at temperature 

15C and  

Tf: is the temperature of fuel at [0-120] C. 
 

The heating value of the fuel (HV) is given by 
[7]

: 
 

HV = 12957 – 3228 fuel at 15C - 70 S  
 

where:   

S: is specific fuel consumption in Kcal /kg.                                       
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4-4 The Heat Input to Pyroclon by Hot Gases from Kiln 

To calculate the heat input to pyroclon by hot gases from kiln, the following equation is 

used. 

 

2
gg CTbTapC
  …………………………………………………….. (21) 

 

where: 

Tg: temperaturace of gas in (k), and,  

)pC( : Specific heat for any gas in (cal/gmol.C) and,  

(a, b, c): are constants found from Table (2). 

  

Totalhg

OONNOHOHCOCO
 g

M

Cp*MCp*MCp*MCp* M
Cp 22222222


  …... (22) 

 

where: 

Cpg: specific heat of hot gases. 

Mhg Total: Mass flow rate of hot gases from kiln in kg/s. 

 
Table (2) Values of constants (a, b and c) for hot gases from kiln [6] 

 

Gas a b*10
-3 

c*10
-5 

CO2 10.57 2.1 -2.06 

N2 6.83 0.9 -0.12 

O2 7.16 1 -0.40 

H2O 7.3 2.46 0.0 

SO2 11.04 1.88 -1.84 

 
4-5 The Heat Input to Pyroclon from Raw Meal 

To calculate the heat input to pyroclon from raw meal, the following equation is       

used 
[8]

: 

 

2
pp fTeTdpC
  ………………………………………………………. (23) 

 

where:  

Tp: is temperature of particle (k) and (d, e, f) are constants given at Table (3). 
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Table (3) Values of constants (d, e and f) for hot gases from kiln [7] 
 

Solid d e*10
-3 

f*10
-5 

CaCO3 24.98 5.24 -6.2 

Fe2O3 23.49 18.6 -3.55 

SiO2 11.22 8.2 -2.70 

MgO 1.018017 0.977 -0.0225 

Al2O3 3.748708 15.526 -2 

 
and, 

 

sTotal

CaCOCaCOOeFOFe

SiOSiOMgOOAlOAl

 s
M

Cp* MCp* M

Cp*MCp*MCp* M

Cp
333232

22MgO3232



















  ………. (24) 

 

where: 

MsTotal: quantity of raw meal and )pC( s
is specific heat for any powder in (cal/gmpl.C). 

 

4-6 The Heat Input to Pyroclon from Tertiary Air 

To calculate the heat input to pyroclon from tertiary air, the following equation is used. 

 

2
aaa ITHTGpC
   …………………………………………………….. (25) 

 

where: 

Ta: is the temperature of tertiary air in (k) 

)pC( a
: Specific heat for any gas inside the air in (Cal/gmol.C), while G, H and I are 

constants which is given in Table (4). 

 
Table (4) Values of constants (G, H and I) for a tertiary air from cooler [7] 

 

Gas G H*10
-3 

I*10
-5 

O2 7.16 1 -0.40 

N2 6.83 0.9 -0.12 

 

 
where: 

 

air

NNOO
a

M

Cp*MCp* M
pC 2222


  ………………………………………… (26) 
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The heat at the bottom of pyroclon (Q5) may be found as follows:  

 

Q5 = M5 * Cp5 * (Tk – Tref) ………………………………………………… (27) 

 

from which: 

 

Tk = [Q5 / (M5 * Cp5)] + Tref ……………………………………………….. (28) 

 

where:  

Cp5: represents the specific heat at bottom of pyroclon and it is given by: 

 

Total

ffaaggss
 5

M

Cp*MCp*MCp*MCp* M
Cp


  …………………... (29) 

 

where:  

 

Mtotal = Ms + Mg + Ma + Mf ………………………………………………... (30) 

 

4-7 Heat Transfer through the Pyroclon 

Inside the pyroclon the heat may be transferred to several directions as follows: 

1. to the walls from particle to particle. 

2. from gas to particle. 

3. from gas to wall. 

The transfer of heat takes place by convection, conduction and radiation. From the 

energy equation for two phase (gas and particle) we found 
[9]

:  
 

For Gas Phase: 

 

  5pgpgp
cgg

gr
g

gzgg QTTAh
r

Q

r

T

z

T
uC 



























  ………………. (31) 

 

For Particle Phase: 

 

      0TTAhQQ
rr

T

z

T
uC1 pgppgrcp

p
pr

p
pzpp 



























  … (32) 

 

In the above two equations, the coordinates (x, y) may be replaced by (r, z) in the 

mathematical analysis. The temperature distribution at any point for gas and particle            

(Tg and Tp) of the pyroclon which can be computed numerically as follows:  

The boundary condition of pyroclon is: 
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at z = 0       

 

Tg(i,j) = 900 – J  ………………………………………………………………. (33) 

 

Tp(i,j) = 915 – J ……………………………………………………………….. (34) 

 

at r = rpy  

 

 
2

g
2

gwgg
x

T
kTTh




   ……………………………………………………… (35) 

 

In this equation kg is thermal conductivity of gas in W/m.k. Equations (31) and (32) are 

solved numerically by finite difference method as follows: 
 

For Gas Phase: 

 

 

 

 )j,i(g)1j,i(g

)j,i(gz

)j,i(gr
)j,i(g

)j,i(gzgg

5
)j,i(p)j,i(g

)j,i(gzggp

gp

)j,i(gz
)j,i(gw

gg
2

1j
2
j

gpy
)j,1i(g

TT

r

z

u
T

uC

zQ
TT

uCd3

zh2

u

z
TT

C)rr(

)f1(hr2
T































  ………... (36) 

 

For Particle Phase: 

 

 

 

  )j,i(p)j,i(p)1j,i(p
)j,i(pz

)j,i(pr

)j,i(pw

)j,i(gzpp
2

)1j(
2

)j(

rppy

)j,i(p)j,i(g
)j,i(pzppp

gp
)j,1i(p

TTT
r

z

u

TT
uC)1)(rr(

z)hfh(r2

TT
uC)1(d2

zh3
T

























  ………………... (37) 

 

The particle area Ap is computed from: 

 

p
3
p

2
p

p
d2

3

d)8/(3/4

d)4/(
A 




  ………………………………………………… (38) 

 

where:   

dp: is  diameter of particle. 
 

Equations (31) and (32) may be solved for gas convection heat transfer with wall to 

give: 
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z)rr(

)TT(z)f1(hd

r

Q

2
1j

2
j

gwgpcg












  ………………………………………….. (39) 

 

for simplification this equation becomes: 

 

 gw2
1j

2
j

gpg
TT

)rr(

)f1(hr2

r

C













  ……………………………………………… (40) 

 

where the coefficient (f) is usually given as a function of average volumetric solid 

concentration (C) 
[10]

 as follows: 

 

f = 3.5 C
0.37

 …………………………………………………………………... (41) 

 

where:   

f : is average time of volumetric solid concentration in sec. 
 

Equation (35) can be solved for the gas connective heat transfer coefficient h g to give:  

 

)AP009.0(
d

k
h

2/1
r

3/1
r

p

g
g   …………………………………………………... (42) 

 

where: 

 

g

gg
r

k

C
P


    (Prandtle number) ……………………... (43) 

 

2
g

ggp
3
p

r
)(

)(dg
A




   (Archimedes number) …………………. (44) 

 

Equations (31), (32) can be solved for the gas particle heat transfer coefficient hgp: 

 

)pRe4.02(
d

k
h

5.0

p

g
gp   …………………………………………………... (45) 

 

where: 

 

Rep = dp * ws * g / g  (Reynolds number)  …………………….. (46)                                     
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To find 













)QQ(

r
rcp

which is given in Equation (32) the following formula may be 

used: 

 

 pw2
1j

2
j

rppy
rcp TT

z)rr(

)hfh(zd
)QQ(

r













  …………………………….. (47) 

 

For simplification this equation can be simplified as: 

 

 pw2
1j

2
j

rppy
rcp TT

z)rr(

)hfh(zr2
)QQ(

r













 ………………………………… (48) 

 

where the heat transfer coefficient of particle hp can be written as: 

 

hp = 3 (1 - ) * kg / dp ……………………………………………………... (49) 

 

where: the coefficient () represents the porosity which has the value of (0.6-0.8) according  

to 
[11]

. Also, the heat transfer coefficient of radiation hr is given by: 

 

)TT)(1
w

1

b

1
(

)TT(
h

wb

4
w

4
b

r










 ………………………………………………… (50) 

 

where the value of (Tb) is calculated using the equation given in 
[12]

: 

 

Tb =  Tg + (1 - )  Tp  ………………………………………………………. (51)   

 

and Tw is  temperature of wall.      

The value of (w) and (b) are taken from 
[9]

 as follows: 

w = 0.38         

b = 0.0911 

and    = 5.67 * 10
-8

    W/m
2
.k

4
  (Stefan-Boltzman coefficient)   
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5. Results and Discussion 
 

The discussion of the present results is divided into six sections and they are explained 

as follows:  

 

5-1 The Effect of Amount of Tertiary Air 

The results of calculations of the heat input to pyroclon from tertiary air are presented in 

Figs.(1,2, and 3). 

Figure (1) shows the overall fuel consumption of pyroclon as a function of temperature 

of calcination for the operation range of temperature of air. For amount of air equal to 1 kg/s, 

it is clear from this figure that when the temperature of calcination increases then amount of 

fuel is increased. The Figs.(2 and 3) are similar to Fig.(1) but each figure have amount of fuel 

different and these figures shows, when the amount of air increase the divergent between 

curves that represent the relation between (mf) and (Tk) are increased. 

 

650 700 750 800 850 900

Tk(c )

Figure (4-1) :The effect of amount of fuel on temperature of calcination
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Figure (1) The effect of amount of fuel on temperature of calcination 
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Figure (4-2) : The effect of amount of fuel on temperature of calcination
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Figure (2) The effect of amount of fuel on temperature of calcination 
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Figure (4-3): The effect of amount of fuel on temperature of calcination
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Figure (3) The effect of amount of fuel on temperature of calcination 

 
5-2 The Effect of Amount of Hot Gases 

Figures (4, 5 and 6) explain the influence of the amount of hot gases and its 

temperature on the overall fuel consumption of pyroclon. These figures represent the relation 

between (mf) and (Tk), which state that when the amount of fuel increased the temperature of 

calcination increases also. Figure (4) explains if the amount of hot gases increases the amount 

of fuel decreases to reach the same temperature of calcination. This figure is drawn when 

temperature of hot gases equal (Thg= 1000 C). Figures (5) and (6) are similar to Fig.(4) and 

which shows that when temperature of hot gases increases, the amount of fuel decreases to 

reach the same temperature of calcination. 
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Figure (4) The effect of amount of fuel on temperature of calcination 
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Figure(4-5) :The effect of amount of fuel on temperature of calcination
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Figure (5) The effect of amount of fuel on temperature of calcination 
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Figure (4-6) :The effect of amount of fuel on temperature 

of calcination

-1

0

1

2

3

4

5

6

M
f(

k
g

/s
)

Thg=1150 c

Mhg=2 kg/s

Mhg =2.5 kg/s

Mhg=3 kg/s

 
Figure (6) The effect of amount of fuel on temperature of calcination 

 
5-3 The Effect of Amount of Raw Meal 

The results of calculations of the heat input to pyroclon system from the raw meal that 

input to the pyroclon system from cyclone (III) after removed (H2Ochem. and H2Ofree) during 

preheater system present in Figs.(7,8 and 9). 

Figures (7), (8) and (9) show the effect of raw meal and amount of it on temperature of 

calcination to reduce amount of fuel consumption of pyroclon. These figures represent the 

relation between (mf) and (Tk), and that when amount of fuel is increased the temperature of 

calcination increases too. Figure (7) explain if the amount of raw meal increases the amount 

of fuel consumption decreases to reach the same temperature of calcination. In this figure 

when the temperature of raw meals equal (Trm= 700C). Figures (8) and (9) are similar to 

Fig.(7) and from it we show also that when temperature of hot gases increases the amount of 

fuel decreases to reach the same temperature of calcination 
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Figure (4-7) : The effect of amount of fuel on temperature 

of calcination
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Figure (7) The effect of amount of fuel on temperature of calcination 

 

600 650 700 750 800 850 900 950

Tk (c )

Figure (4-8) : The effect of amount of fuel on temperature 

of calcination
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Figure (8) The effect of amount of fuel on temperature of calcination 
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Figure (4-9) : The effect of amount of fuel on temperature 

of calcination
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Figure (9) The effect of amount of fuel on temperature of calcination 
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5-4 The Distribution of Temperature of Gases and Particle along 
Pyroclon 
 

The results of calculation of temperature distribution of gases and particles are presented 

in Figs.(10 to 19). 

 

5-5 The Distribution of Temperature of Gases along Pyroclon 

Figures (10) to (14) shows the temperature distribution of gases along pyroclon and the 

effect of velocity of gases towards height of pyroclon (VGZ) and amount of fuels on 

temperature distribution along pyroclon. Figure (10) shows the temperature distribution of 

gases along pyroclon when (VGZ= 1 m/s) and (mf = 5kg/s). where y-axis represents the 

height of pyroclon in (cm) and x-axis represents radius of pyroclon in (cm) and curves inside 

the figure represents temperature distribution along pyroclon where all curves represents 

isothermal line. This figure shows that temperature decreases towards height of pyroclon and 

also decreases towards radius of pyroclon. Figure (11) and (12) are similar to Fig.(10), but it 

is show temperature distribution of gases along pyroclon when (VGS = 1 m/s) and mf = 4 kg/s 

for Fig.(11) and mf = 3 kg/s for Fig.(12). From these figures we find that when amount of fuel 

increase the temperature at top of pyroclon increase, this lead to improve pyroclon 

performance. Figures (13) and (14) are similar to Fig.(10), but it is show temperature 

distribution of gases along pyroclon when (mf = 5 kg/s) and (VGZ = 1.2 m/s) for Fig.(14) and 

(VGZ = 1.5 m/s) for Fig.(14). This figure show when (VGZ) increase the temperature at top 

of pyroclon decrease. 
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Figure (4-18) : Temperature distirbution  of gases along pyroclon
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Figure (10) Temperature distribution of gases along pyroclon  
VGZ=1 m/s, Mf=5 Kg/s 
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Figure (4-19) : Temperature distirbution  of gases along pyroclon
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Figure (11) Temperature distribution of gases along pyroclon  
VGZ=1 m/s, Mf=4 Kg/s 
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Figure (4-21) : Temperature distirbution  of gases along pyroclon
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Figure (12) Temperature distribution of gases along pyroclon  
VGZ=1.3 m/s, Mf=5 Kg/s 
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Figure (4-20) : Temperature distirbution of gases along pyroclon
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Figure (13) Temperature distribution of gases along pyroclon  

VGZ=1 m/s, Mf=3 Kg/s 
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Figure (4-22) :Temperature distirbution of gases along pyroclon
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Figure (14) Temperature distribution of gases along pyroclon  

VGZ=1.5 m/s, Mf=5 Kg/s 

 
5-6 Distribution of Temperature of Particles along Pyroclon 

The results of the calculation of temperature distribution of particle along pyroclon are 

presented in Figs.(15) to (19).Figure (15) shows temperature distribution of particle along 

pyroclon when (VGZ = 1 m/s) and (mf = 5 kg/s). From this figure we show that temperature 

decreases towards height of pyroclon and also decrease towards radius of pyroclon. Figure 
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(16) and (17) are similar to Fig.(15), but it is show temperature distribution of particle along 

pyroclon when (VGZ = 1 m/s) and (mf = 4 kg/s) for Fig.(16) and (mf = 3 kg/s) for Fig.(17). 

This lead to improve pyroclon performance. Figure (18) and (19) are similar to Fig.(16), but 

it is show temperature distribution of particles along pyroclon when (mf = 5 kg/s) and 

(VGZ=1.2 m/s) for Fig.(18) and (VGZ=1.4 m/s) for Fig.(16).This figure show that when 

(VGZ) increases the temperate at top of pyroclon decrease. 
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Figure (4-23) : Temperature distirbution  of particle along pyroclon 
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Figure (15) Temperature distribution of gases along pyroclon  
VGZ=1 m/s, Mf=5 Kg/s 
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Figure (4-24) : Temperature distirbution of particle along pyroclon 
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Figure (16) Temperature distribution of gases along pyroclon  

VGZ=1 m/s, Mf=4 Kg/s 
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Figure (4-25) : Temperature distirbution  of particle along pyroclon 
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Figure (17) Temperature distribution of gases along pyroclon  
VGZ=1 m/s, Mf=3 Kg/s 
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Figure(4-26) : Temperature distirbution of particle along pyroclon
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Figure (18) Temperature distribution of gases along pyroclon  
VGZ=1.3 m/s, Mf=5 Kg/s 
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Figure (4-27) : Temperature distirbution of particle along of pyroclon
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Figure (18) Temperature distribution of gases along pyroclon  
VGZ=1.5 m/s, Mf=5 Kg/s 

 
6. Conclusions 
 

1. The amount of tertiary air and its temperature has a large effect on the pyroclon 

efficiency since it has an important effect on the temperature calcinations. 

2. The amount of hot gases and its temperature has an effect on the pyroclon efficiency 

more than the amount of tertiary air and its temperature, because the temperature of 

hot gases is higher than the temperature of tertiary air. 

3. The amount of raw meal and its temperature has an important effect on the pyroclon 

efficiency more than the amount of hot gases and the tertiary air. But the increase of 

the amount of raw meal without the increase in its temperature will cause a reduction 

in the value of the temperature of calcination. 

4. The amount of fuel has a large effect on temperature distribution along the pyroclon, 

due to the effect of the temperature at the bottom of the pyroclon. 

5. When the amount of fuel increase, the temperature of gases and particles increases 

also. 

6. The velocity of gases toward the height of pyroclon has a large effect on the 

temperature distribution along the pyroclon. The reason due to its effect on the 

temperature at the top of pyroclon. Also, the increase of the velocity causes a 

reduction in gas residual time inside pyroclon.  
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