Amirkabir Journal of Mechanical Engineering

Amirkabir J. Mech. Eng., 52(11) (2021) 815-818
DOI: 10.22060/MEJ.2017.13308.5598

Analysis of Different Heat Transfer Mechanisms Portions during Traditional Flatbreads

Baking to Improve Quality of Breads and Reducing Fuel Consumption

S. A. M. Hashemi*, M. Estajloo, S. Sadripour

Department of Mechanical Engineering, University of Kashan, Kashan, Iran.

ABSTRACT: Accurate cognition of the portions of different mechanisms of heat transfer during the
baking process is important and it can introduce useful solutions to improve quality of bread and reduce
energy (fuel) consumption of oven. In this study, by experimental measurements and mathematical
equations, portions of different mechanisms of heat transfer during the baking process of traditional
hand-baking flatbreads are calculated. Then, based on results, optimization is carried out for ovens. The
optimization includes modification of the geometry of the oven, control of excess air, and improvement
of thermo-physical and radiant properties of oven walls. The obtained results showed that in Sangak
and Barbari bakeries portions of convection heat transfer mechanism (natural and forced convection)
and volume radiation are negligible against conduction and surface radiation mechanisms. The results
of thermal diffusivity and emissivity optimization illustrated that fuel consumption for Sangak, Barbari
and Taftun bakeries can be reduced about 26%, 28%, and 8%, respectively. Also, in optimal conditions
for all bakeries, the reduction of excess air from current values to 10% is leading to reduce of more than
90% of excess air losses.
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1- Introduction

The authors of this study would like to continue and
complete their previous studies [1-2] and to fulfill this demand
they would like to investigate about optimization of furnace
geometry, thermophysical and radiative properties of the
furnace. The important point is that the basis of optimization is
bread quality and the optimized factors that keep the quality of
bread are considered as the optimization model. In order to

optimize the furnace, the measurements and experiments have
been done for three hand-baking bakeries in Kashan city and
the temperatures of inner parts of the furnace, the input energy
rate to the furnace, and the output energy rate were detected.
Next, by using experimental results and empirical data and
finally numerical and analytical measurements, the portion of
different heat transfer mechanisms are specified. In the present
work, by using the results, the appropriate furnace geometry,
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Fig. 1. Schematic diagram of Sangak hand-bakery and the applied measurement devices
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Fig. 2. Effects of different parameters on transferred heat flux

to Taftun bread

the optimized thermophysical and radiative properties that
should be used in the furnace walls and the right portion of
excess air in combustion are specified.

2- Methodology

The schematic diagram of Sangak hand-bakery and the
applied measurement devices are shown in Fig. 1. As it is clear
the measurement devices include non-contact thermometer,
smoke analysis device and flow meter. For measuring different
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parts of the furnace, the infrared video thermometer, ST-9861,
is used. This thermometer is equipped with the digital monitor
and measures the temperature between —30 and 2000 °C through
infrared. Furthermore, this device can save pictures and thermal
properties and transfer them to computers. In addition, for
measuring the combustion efficiency (the remained heat inside
the furnace) and hot gases analysis inside the furnace the TESTO
350 M/XL gas analysis device that is made in Germany was
used. This device can measure the concentration of nitrogen
oxides and carbon monoxide up to 3000 ppm and 1000 ppm,
respectively. Moreover, the existing Thermocouple inside the
device can bear the temperature up to 1200°C. The measurement
accuracy of this device for nitrogen oxides for concentrations
less than the 100 ppm is 5 ppm and this accuracy for carbon
monoxides in concentrations less than 100 ppm, equals to 10
ppm. The schematic diagrams of these two devices are shown in
Fig. 1.the smoke analysis device can save the data and transfer
them to computers.

3- Discussion and Results

The goal of optimization in this study is first, improving the
bread quality and second, decreasing the fuel consumption in
bakeries.in the case of flatbread, the share of received energy
should be the same from top and bottom in order to increase
the bread quality and decrease the amount of unused part of
the bread. Furthermore, the time of baking should be done in
an appropriate range and time more or less than this permitted
range decrease the bread quality. Due to special geometry of
Taftun furnace, there is no possibility of changing the geometry
and it is only possible to investigate the thermal diffusivity and
emissivity of sidewalls and the excess air as well. According
to Fig. 2, the current condition of Taftun ovens are thermal
diffusivity equals to 1.01x10-6 m2es-1 and emissivity equals to
0.91.by changing the thermal diffusivity from the current value
to 2.23x10-6 m2es-1, 8% saving in fuel consumption occurs.
as it is clear from Fig. 2 by decreasing 10% in excess air from
the current value of 492.3% it is possible to save 98% in losses
related to the excess air.

4- Conclusions

In the present study, first the features of different kinds
of manual furnaces for baking flat traditional bread (Sangak,
Barbari and Taftun) like the temperatures of inner walls of
furnaces and also the combination of hot gases inside the
furnace were specified by doing experiments and measuring
with infrared video thermometer, ST-9861 and gas analysis
device, TESTO 350M/XL. Then by using the analytical
correlations and mathematical computations, the share of
different heat transfer mechanisms was detected in the baking
of traditional bread. The results revealed that the share of
convection in baking Sangak and Barbari is insignificant
(almost 5%) and it is possible to neglect it comparing to
conduction and radiation. The share of different heat transfer
mechanisms in baking traditional bread is as follows:
o Sangak: conduction 44.52%, radiation 49.92%, and
convection 5.56%
e Barbari: conduction 43.29%, radiation 51.54%, and
convection 5.17%
e Taftun: conduction 51.36%, radiation 33.32%, and
convection 15.32%

The accurate recognition of different heat transfer
mechanisms share in baking different bread, leads to
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suggesting solutions to improve bread quality and fuel
consumption decrease. Therefore, the optimization of
thermophysical and radiative properties of various furnaces
walls has an important role in saving fuel consumption and
improving the bread quality. For this reason, first the thermal
diffusivity of the floor and emissivity of the roof were
optimized and in the next step, the effect of excess air reduction
in the optimum condition of the first step was investigated.
The results revealed that for Sangak, Barbari, and Taftun
bakeries the optimum values for thermal diffusivity of the
floor are 1.80x10-6 m2es-1, 2.53x10-6 m2¢s-1 and 2.23x10-
6 m2es-1 the emissivity values are 0.94, 0.94 and 0.91 these
optimum values save 26%, 28%, and 8%, respectively, in fuel
consumption. Moreover, by decreasing the excess air by 10%
for the optimum values of floor thermal diffusivity and roof
emissivity for Sangak, Barbari and Taftun bread, it is possible

to decrease 94%, 96% and 98% in the losses related to the
excess air. After different investigations on the reduction
of roof height to the floor furnace, it was concluded that if
the new furnace with new dimensions is built for new data
gathering, the study of height reduction is useful.

References

[1]S.A.M. Hashemi, M. Estajloo, S. Sadripour, “An
experimental and mathematical study to calculate the
bakery and oven efficiencies of traditional bakeries in
Iran”, ISME2016, Yazd, Iran, 2011.

[2] S.A.M. Hashemi, S. Sadripour, M. Estajloo, “Energy and
Exergy Analyzes and Evaluation of Fuel Consumption
Reduction Techniques in Traditional Flatbreads
Bakeries”, Amirkabir Mechanical Engineering Journal,
Article in press.

817



75 ool SlSo (owkigee g pul

FEVE B YTV Glio TR Jlo ) o)lad @ 0593 S yual SlSo owvdiges 4 il
DOI: 10.22060/MEJ.2017.13308.5598

9 QU ColsS g y9kikods s (o Sl oy 53 @yl JBST slae 5l Julod

IS she g cglalin] oo & cadla (gagellie

Ol (S (IS oS3 (KMo ptine 0uStils

1891 axu U
AYAS/ S redl
WAS/-ADA 16,5550
WAS/AL Y 1y
YA/ A 2T 1))

1S Clols
b5 adlas
awe (U

&l Jlas!
Silwdige

Cégw Bpas ials

5 O et d9:00 sl o)), ol e s clagb oy 0 Syl Jlil ciliseo (lap 55 o 25]5: L o YE
slop 35150 ot 0y Slslono 5 (o by e pSeslail 5 Stalesl ol by canlllas cl )3 3905 &l)f (6531 B o S2lS
@ g b 9 99800 S (09380 9 (00 «SK) p00d s (i il sl b 3y > &l JU] Cilisee
(Bl (gl s J S 0155 dussim ol Jolids (gluoatane ) D9 0 ol (s3luoiage )5l Abogeyo (slo g5 (sl s
bl pols adllas > (giloaiy 1 Bum 298 0 595 Ll g Waojlgnd (rdinddd (g3 9 )98 A (Sufibge S ol dome
ey calie gloj (S L) (5 Bpae (Al o g (01 slacuon plos ColgsSy oy S L) o cudsS d9
L asliio 3 ((o)lal 5 (b) (el @)l JUE 03l a5 9 S Syl 3 45 3 (i gl el (0
Ol )95 slooyland y930 5 ()l 3985 (Sl po (gildinge gl ol Jlaidyo LB (Sl @indl g Colin clapjlSe
A (alS o3 A g 0 YA o )3 V7 3935 13 i it |y (1980 5 (62 «SKiow Sla 2l S g Bpaa lgi o0 oS 31>

Al Gl (Rl 4 oo 303 Ve Bagrge ol I SLSI (lgm o) (28l a2l (olos (6 dinte Ll pd 3 (ppimen

A 8lal glen el | sy

agh BB jladeas ity Olallas [Y] Bgd oo Jold 1) j9iS (sl olgil
WY 390 )3 bawsgie pslos) jpcuwd (gtiw (US4 €8 sl 53 390 6551
i i ool claseie Y Jodo [Y] 5,05 0)Lil (2,505 5 S5
s &l ey el il 3)90 (51 e Sl (0980 9 60y S
Spo yudy s Mo LB (g5l ol awd o L3 1y (M) 6 o> 5 (M)
23315 3,90 6V e (slo S (] > 5 305 o dtingy (A 1 g 5y
Sl S8y e g5 5 opl S el ol el oyl dls o

sy g0 laidy 3V WSy )3 150 (ladug

[V] pewsd i sl Glasuio 1) Joua

Table 1.
mp mq Ou )9l
(kg) (kg) MJ/kg)
- /%0 ofe VAT S
“JFf Ny VYN Sy
Y SNy V/-$Y RICY

doddo —)
e gyl 5l 05 saee A ) G Sl A b (b Wy o
Conl 048 a5 )9S dia yy @l | (S 4 qginto 5 i sl
I sgate g Lol 3 (b adse g Mg ot b gMacl 1 jglate V]
P obasy s (b iy o GbolS)5 )3 (b adg (imio (b sl
$laol5,l5" g laasly 48 wimd o L oel Josds cliios .ol laolSis g,
Sodien Jold 1) )9aS o alpl dops T g b (b ey (anto
5 o) G SIPL ply > (eie o) g laasly waew
Sl Gpne & p3y0 3L bled yol () Jds sl 3o jlws (udle
Grcad glysis  slaie sl 535 3 (b g8 ol 5y g ) 5 e
slaygs 5l yglate 5 Canl w lagl Cu (oS oS ol slaygl
b oadloe (sl ey by g oS 63 sl Elgil (idle
olmes o8l gl 3 (b eoy (guile lassly sl (a3l 352

Jopd YO 4 S5 pcwed b oleil waly YYeror 51 Gin dgas b

hashemi@kashanu.ac.ir :olslSe Jlsose odiag ™

(Creative Commons License) _edpe Syl ulu cov dlio cpl ol oad odly pu pal oSty cl)lisl & 156 Gois 5 (Bsimng 4 cpilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode (sl jl (uilud o) Slsja sy ool 48,5 )5 las o yzud )

Yy


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

FEVE B YTV doio A¥AQ Jlo V) o)l @Y 093 S ol SilSn i 4y

(o Slnd g 03l lslag 53,8 samlitie ol (y (erlie Billad ¢ 0120
L1y s99,50le ool sl Jl b oy (alSiylof] adllas S 53 V0]
S5l g ooy a5 3 LS gt )8 Auglie (S B9y 4 (b ey
9 Col (w9 1 338 iy 4 U g9 Sole <5 (sl p3Y (1>
B3O gy 3 58 b Sluld (b bl ples ey eoy b &
256 3,90 )3 (225 dalllae 4 7] (538l 5 (65 ol 1208 5299,S0Le
Osme by 986 (U (AL S g Sl S loj g Lod
22318 Cola p 38 ope (sguild 5L b ey 6l [VF] @2y 0
W dple 1o )0 VY ool 5018 woww 5

Sy lSaly sy 9 550551 9 5541 o 4 W] (S0 5 (ol
gawe (o gl Coy piws lassly 3 Cgw Bpae Jials
Elasls 5 e Slisins (26 glaislej] plosl b o] izl
glyl o Bpas 5 535l Sl g o)l 5l B> 35l bl ¢ Libw
Sy SKw) gaws (g Slagh cSy e slaygl s
9 S5 9 S5 Jelod @l 4 dagi b s 9 03l plonil (00980
g Gy ilS ey 6,18 sl ISl il Lol Luloe bli
colie JyS b a8 8l s i) S s si5ge ) o glslb o
(15393 Jl (Gl Sl b3l 5 )95 dse ) Bl (BLST Slg e
b 0sb g sy S 29l sl 55)351 5 il o)k e
DA D55 1> s dassly pl sl 1y (b S5 Al G pns g il
Sb ials ws AY 5 55

09l (275 b g 5340 adlllan gun (19iST 9 oo oanlie dxlix
Sl ey 5 &)l il Gl SlapslSe pres oo 5 4
pob I8 B g cpins O)le 4 ol osiis pldl iwd (i gdaue
ol eSS glaiods 5 W] o))lSem g abln gy aclsl 53 3305 jlas )5
LSS 531350 595 (hadl g (Sufibge i ol )95 dwdin (giluding 4
0391 )b CuS (g5l (line 45" el ()] gy 4t adlllas 3 Cosenl Sl
CedsS &S (C g0 Bpao (Al jolaiod) lord siludingg 3)l0 kS 5
2 oghte (pdy gde (Bpme Ay JHo plyisdr anleie b ) (6
ool coy 2ase (slassly el (talesl g (6 pSosll plol by psb
ool 3 Aged dnly dw Ol g LS g o8 (la by 5D Hawd w
295 4 $29)9 5P E5 095 (I lacend (slos plie da gl
O )95 b Jlond ) (51 E55 g (g gyl ol 55)

Oed g (2550 dLa.so.)b 9 lmuwl‘o)‘ @Lu )I odléswl b g “\’?“"’Lf"

S sloonyy ol Jgb 0 48l anzmg 118 S ol oy

o84V (oo bl il s @l g oy Jlisl wile o3k
(sl 09 Lol yrad ols 00 (gl Wl o 35 (65500 dlge (ypimen
21l S lame 5 )3 g bgle ¢puad oaimd S dlge bl b oy
S aaile g o plonil 6 pSaily pw Wigb oo S JHISle o &
slacls JSas b coy anld 5 en sl [5] Ssde e ys8
9 3510 51,8 Suss i s ool cpl Tl 3 [A § V] ol (S anST 0o
LS oo Mg 1,8 3eS 60 pade pasd ol y3 Lol i a5 7y 58 Jlaul
C LY C ooy sbolos o[V 98] 90 s Liljil csly oS
Ll g oo b doyd A ded Linljel dapd g il jess 5 e
ol plosl 80 € sloy y3 g dlS oy ol s Sl 4 ¥+ C los
9 S8 5 0 g B S 85 (5908 (el 29 e iBgie oy
Cal 1 ) S5 s b g3 pres a5 5+ € glod 5 oyl asansYs
b (slogad g o plonl oy Al b 0 & (glosy AT Sjle )
adgl o lgime oyl Jsb > V]l (s ) o gaw
(slod 5 g Wlogco (b yueis g Voo € (slad b 6 g ymed 13 29290
B¢ e Sl b jre Voo C 5l 5YL slaled 1 [VY] 59y 0 YU o
Olyeds ol Oyl Jasl slaplle waliee slab coy j»

5 cilise (sbapplse il s auge cou l)d e pplSe
Oyl Jas! calizes (slap 101K o (3485 Al .l glite (b ey
ol g b Cuas demo sl oSl &) 4 calisee (sl b ey 4o
Sy ol i Jud | (ola)lSaly gd e poxie (551 B pan
255 B ED (5 €8 o Gaslio s pos (s 095 I3 (U 6565 )8
el 1) BB (8Ll (slsm JpuS) y9i5 S 1 salS S 5 sl
5044 a5y U CatsS i 90 4y ¢yl Co dine 1 48,5 g0 ilalllas
Pigud oo il )9i5 JBI3 slod e 9 3y (sl oY ol JUil e
WP (8 g (2] 41>)A 90 ) ‘) (S>> ul) x ) [\\c] Gls 9 Jl.).;}o

25 b o delie 5 00310 o g 9 s i fosed ey b 62,5

A



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

&

Gas
analyzer

cﬁ Exhausted

gas

R
|
|
|
I
I
i Thermometer = .
| ., | Air
I i ey
-q ! - - = Combustor
T | @__--- L
| , """ p—
i : S *”"\— Bend of oven { @
[
! Natural
************************************* gas
Computer Flow meter
(&
Vs 1 Fuel
{ E Fuel = Air
Air
Combustor
@ (@)
Fig. 1.

A (@) 5 o (@) 2ol cloygs Sl slod g 5031l loolfins 5 SSiws (2l )55 Silod sl () 1Y JSwo

lopiugw 4 5 0,30 |y olod Glasuie ¢ ygbal Llgs o oStws oyl
$loyS) @yl o)l aneloes (sl (pizmen [VA] wled Jitie (g 5guelS
B el ol o5 S5 g (slajl5 Jolos 5 (j95 S50 oaile Sl
o83 sl o odlitol loll j3S il JL Syl YD+ g2 (392)
ly oS aSlgise 5 ios slaas] cdale Wlgs oo g 5 Lilos
Oszen les (6 Sojlul Ve v ppm g Yeoo ppm e b o iy
By ) Joo cublB \WWer O slod U olSiwd (3 39390 JigS g0y
PP | a8 cloclale 5 y3gy celbipnS] el oz oyl (6 S0l
Voo ppm oS slachale )3 o)SaeuSlsige (sl 9 O ppm ply Ve
03> yisles ol&uwd 93 oyl (ool slod V S jo .abl o Ve ppm il
o)l JUis] g el Gl 5085 Calsls 55 395 koo olKzasd .Cansl 005

DA calls 1y (6 Pguels slapiums 4

¥

ob ey Ol Jlil Cilisee sl jlSe waew elod Slewlore plosl
0Pl 90 Canlio dwdin @l ol I odlatul b daldl )3 .yl o Canmday
9 Vg ol joi5 (slaojlir > Wl &5 (Glaigy (il 5 (S5dger
P (pizpen Ngd e (e Blysl STy > (LSl (Sl cuslie wre
awd A5y ¢ oleil o5lg 5l jelais dalllas pl 3 L ol 5l &S cunl S5 4
sl e gihaw 5 S5y
278 3l =Y

ColKiws pimed g b el il glgl o)lar )b Vv JSE s
odnlie dosls Wloas odld Lisled pols JI5 55 edlatul 3)50 (5 uSojlul
939> Julo olod ke o ginled Jolis (6 Sojlul Loy 0950
oty gwled | 5o i slaciomd (5uSejlul ) ] gous 03
4 jome guwled ol sl o ool AN Sl Jde jojBiye0le
b e Ol 423 o) gle gl o)k Sl g ol Jliomd S hled
owized Mlei oo §Sojul 18 C LY C o olod 0050



FEVE B YTV doio A¥AQ Jlo V) o)l @Y 093 S ol SilSn i 4y

9055 JBI ED il jes o dastie pdaw A )95 bawgio (slod
)

2 L Jgba €55 axio b ilse )bl lrale )l Jl £
[YY] 0] o ey (¥) dlaly 51 b pdans a5

0.8
Gu s =0.037Pr" [’inj %ﬂ(ﬁ: -T,) (v)
T

Sweld ca i) o )l colis coys g Py Ky gty (V) k)
Joshaie i (T5,) )95 ol slod 3 3lynl @Y gase il das 4
slod g (Voo C) oy Jb o sl g (slod (Sile ol (gl
ol (T, ) 595 basogia

o) S oyl gl el o (o)l olrarls cYslas M5,
B CS (s (b) (Bl 088 Clrio iy (b plrale Yol
L5 il sl ol y Sl gl (i) s 555 5 (3385
(0) 3 ghaw (59 95 S5 £ a3l (b2 0 lgen o ol (590
LVFT b by

amivo g9) 3] lrale &)l Jlal oy Jo )3 0586 o6 gy
oy 4l g ol oy S 5 (el baste sl s 58] o 3lis] 305
sl Skl Slel jloxe 039450 395 0o dslore (A) U (F) Ll 1 56 acieo
i o318 €59 domo (g, il g ol (2 sl gy ol 5ol
IYf]cwl V-t (Rad V" g)-" (Ra( V-

6 67%
v, /3
Nun _ 202 5 T C, Ra o (\c)
In(1+— 1+(1.4-10° - —
n( NMT) [ ( Ra) |
Nu” =C, -Ra"*
o o)
~ 0.492)""
C,:0.671{1+( o j
0.22
c’ 0.13Pr (5,)

© T (140.61Pr )0

PERTCR,
Sl sbeplle Bkl oy Jb 3 lagh dayel (ol 5
Aol (gl pols 8 50 0G5 o il (65 ] @il g ol ( plbasls
oS odd (1558 gy 9 S ()b Ey > Oyl Sl slap sl e
5 inds glapilSe Bkl Cogw Glial I ol slo)S 5l i
3 A% g e 3y Jb 3 sl g (B ol 4 pbale
s laoliz (3 5 350 25 555 6lod g5 ¢ slo 5 Lo
Dy o Jlo > sloch 5 S & bl g gtnds p3slSo b sy
S o plo bo)S (&> B2l ) gy b 4 @indd pjlSe 5 )b
L;Lm)b,{) 5 alxds e plo sboyS 5 oogde wony Jb o sl
olals a8 o cdbyd bS50 a0 Sl colia p3lSe 54l 5l 5D
3 asdy S 595 G 4 (JBI zolaw I wdiadts I 86 S ()l
G Sl 35 ey b Job > bl 5 olin il 3 b
25 (50 g0
b pols )5 ) cdalllas )50 dlate ) (a5 S5 4 g b
oy S5 lgie dr (Bl duo 34 g e duo 2 AV I ISUiite (oS 5 B
Job s g i g sl STy dolee o auds 8 28lg oS 5 40 S5
Cagby 9 O iyl o @ (Lol dlgp wo )y asuie ke b e

0.91CH,, +0.09C,H, +2.135(1+e, )(O, +3.76N,) ")
——1.09 CO, +2.09 H,0 +2.135 ¢,0, +8.0276(1+¢, )N,

wlal o)l Jlisl o5l
9 LB cpl €S e g 595 S5 Eb Gl copw 4 25 L
Sl Jsl 95 S E lajls s (U gaw g Led (L3S winen
Coyo g alple Wl BBl )l 5 b pbrals ©)gon
Ol JU o Ao 53 njlS (ol & > prune g )95 J1 D5 (slajl5
WS (¥) Ay 51 05 J5D £l (olajlS ey sl e o (ol
dpnolone 55 o0 )3 03lisl 390 Lo oS )3 1> (slajl5 s yuo ) (4

e () )

u
n
Pn- A 1

¥y



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

1o "
Nu" =0.527Ra"*| 1+| = A
P (A)
T
Nu, = Nu, =——2>__ (®)
25
In| 1+—=
u

s 35l 3 b (ol 30050 B2 J ol 0 &l Jisl .5
Do sl 1) L ol

Nu, -k; m .
Deonvn = Mz : (T, -Ty) (\ )
B

Al pile Bk jl 0L aw 2y » J5 Ol Uil 25
daly 35k g cul )lal g (b (bl )l > JlESl 25 ggerne

D o dpwloo (V)
Geom B~ Geom 7 o (\ ) )

ol @l Jlas) p30lse =) =Y

bl e @S 5l )l colin a4 bayye Slaslxe pbsl 4l
Srn Sl 55 S (i 298 (s )95 S ()l ol S
3 (seod S il )55 S sl s g g 21 51 5y 9280
ol 05 LS5 5 5 g S Jols odits _lao

Wy Jo 3 i lagl 390 5 (il cols dle o gl
S Calbs Jos p andl g8 o (1558 Calidig e 0)ld Sy 9 IS
I it o Sy Ll i b (g s Colod (2 9 Sl gm0
hte S 9 06 g )l JUSl 6y 058 cnl Ml U e B e

Cans]
2 OB B B L gl 1258 95 IS Lawgie slad 4 g L

O 5 35 Aol a5 ST (slod U ped (glod 1 oled g0 S Il )55
b )l i 0,8 g Voo €l slod d )b & &)l Jlas]
dgus o dnlzee (VY) alaly 5l coy Jb 50 b 4 oids Jiie Sl colia
o pd S Ppa CPS g kS ps 5 b cou loj lawgie tedlaly opl 3 [VF]
S gt slod 2 195 S g oS bt 5 JSx (e Colan

Sid (T ) 5955

s

AARD!

ke Bu 8 AT L (v)

@V

ol dae Cuiyias pgd g Jol (sladlon (¥) dasly canly cuons B )b 1
gy ol 5 sl (g5 Cold (538, ks L il g ol Gy
G5 b i &Y s 5 o] g 28 b b el sae N7
S9) Sl 4 bgye g Jly sae @l g ol sae 5l cages o) U
(Gl S8 cupd 5 By 5 0y imen Cal (B L5G ado
s slod 3 glyal ¥ gane (oo blusl coyl 5 (Ssiloiw co )
wxio 65y 3 llpd 4 o b (L) 0L aaseine Jobo [V¥] s 55
Mo g (Hem8b b Hei) BB cov Glio (gly ol Golate wow
e Slowio sl g (L) b Jsb Ll dasie Job (S (6 555)
O ey 0 Conln oyl 4 I (0 0 555) 8
[Y0] el

ol Nl bl o)lp Jlsl oy Jb 3 @ slagh @l
WPy > dxiuo (oaled D98 o0 (158 Bl o BT (Al 3 p domiio (59
GBoboay (59 9y &S gla ol 109500 25 90,5 o0 B )l
Pl e by mdy YU (bl slel (sl o)y by amio o
e Jlde 5 S3U (gipeasY cuydl (5,8 L lawgie il die ke .l
9,8 s LY -T (Ra( V" o3gdme 3 ply] obys (sl bawgio cluls
Sy [Y0] L] o cawdts () 9 (A) Lalgy 5 b5y ((gjpo aY Colbus
Mo o (59 A1 el @)l Jlaml sy Jlo 5 S slag
s axino (g9, Ml olals 4 byye Slusle (¢l 3l o 3l
b 335 ) 5 (F) Bl ool b a3 g & o 0 55 b
Oyl g cba b (bl sae dnoloes (0 aS Gglay opl b g4 oo dswlos
() 9 (A) klgy 31 ool b Lyusaws (E=VYA 1= ) 25 odlal gsin(E)
plosl cdulsae (dly e Sluwlone o Bl 55 axio (g5, Ol
Sole 5l g gl a5 glds (b 0355 00
Coud ol @ banye (bl 33 sl 13 g+ {0,~cos (&)},
Ay oMb duwls bawgio Clwl dae 50y | s g o 03latul
aiio ¢9y i olaals bya lp buwgie clul sae lgicas ] lade



FEVE B YTV doio A¥AQ Jlo V) o)l @Y 093 S ol SilSn i 4y

w4 Glpsl 5l Lol gb olasl8 ) sl Jlisl e )l )l

Cowl OIFY XV A w 'm_z'K_4 ﬁlﬁ

1
Qs =0(8x2+ j.(eg;-ag;) (%)

Gk ) 35 o 4 o ()l @ladl (oo @indS p opMe
u:da.mw).bysm‘J)SLfU)youL@mum)ngmwaLmo)lyé
Ja.wyﬁdln.)b)mw)‘wa.\a.ccd).s).:9;§.<wdbb@|yb¢lo9)).o
ol g s Loy ol o s ol & 9530 bl (T,
g Jlo > o il sy ) s s 5 5 i
i (Sl )l lade ged HAS8 o Cabw I  orlaw gl 4y Cowd
Ml)bdffbxwubuoﬁﬁ’b)ym)lomh}ﬁm@
V] 3650 duuslia (V)

§.0s =50((7) T, ()
@ (5l oo I (8L gdiaidd 2 0gMe cpcuws 1386 L (6
Copotl P 35 (L o 4y alad jload C8l)d it glndl (U daw
&Il 3 eoy Jb 3 a0 Jiie (o gt cplpliy ol
(8L e gulind g Wojled 51 (8L yd (o gl ggacne ()58l
295 ol gt 3] ooss L5 50 (g el O s 4 4l
B e dgdise ol coy Sl lag b dbwga (1586 olgl
T, buwgio slod b 1580 2loil 555 (sloo g | (odads (o ()] >
295 b9l (Igl alad Lul)d ) (piored D98 00 bl (o o &
g 3]l Jols (55403 Ve dgas alad 26 plosil) (0055 4
b (b YY) 250 gl dd BB gghaw & aled aligey «(539)9
ord able pinds I con calad ) Comd y9i5 4ilad WD Lo pd & dog
J315 (ela b g Lo ylgss o oailedl g o )1 955 ailsd 5y )b 5l alesd
oS inlejl 250 586 ol 95 LS & g b g e Jitie 95
Faop ms b ply (b S dlad jl (oo piads s (U232 0 2l
s dads oyl ol ol 195 4 (939y9 CS g Gyl Sl ol (65
[YV 9 WV ] 290 dnmslone (VA) dlasly L (1586 (6 10,8 S &y 0 Jiie

-2
Geona :k:%(Tsm _TB)[ gl J (\Y)

STPS

iy oyl il g 5olSe =Y —Y

S g (o> @il Jold olgil )95 JI> (mind &)l ]
Gl jl Jobs € s 5ol J) oo (S plind ol (b
@ ol Jite (oo @inds Oyl Ji] dssle gl 2y (0 90
Eb (o)l Cla g jahe lacops Wb Il sy Jb o lagl
o lgsd bawgio (slod 4 dgr b by ps opl Wb asuin jo5 J5b
S ples 2580 o8 bl o Cundds Ty b aws (slod 4 T
6515 s oy 5 o geans 9 s Jlody) IS Lo 455 313
9 O3S 5 (ondinds &)l o JU] o 395 0 125 (imen Cu
il [TV ] 900 Jaid s (idy @il ) g Cunl 52U ()59 5
Db o dpwloxe (VW) dlarly ©jg08 y5i5 3 E (slajlS Sj Lt

Pc:xc‘()g'P> Pzle-lzo’P (\Y‘)

Cavddy (VF) alaly 51 lasl 5l Jols gl a8 550 oo oy
—Ae (YY)

g, =C,.-¢

¢ latm

+C, &

w L latm

e g 025 3emS1ed Gaf jgh0 o s £, 9 & (V) a3
U Cygods &S Liwd joduo o pd gusual &)le A€ g ) atm jLis o
€ Sl bawgio slos g Ly 5 Jsb bawgio djal (532 )LiS cane
Cyp 5Cc o po dilosds )] [YV] g2y )3 (alayloges JSday g (8 )me
atm Ly i 1555 J315 )Lt 45 oyl & s b 9 422 )26 guomacs & bgyyo
I £ slalS Lo oy pisred it Nl ey pb cpl ol )
L gD lajls ordinits )l JE3l 5 b3S cpl jgho o pd s 2 )95
g0 dplne (V0) el 1 o e

~

0.65
— g
a, =C, [T] Ee Jam
B

0.65
T
+C &y lam -Aa

_£
w
Ty

AR



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

@

05286 (2) 9 s (©) SKiw (BN) slo olglb o5 aliso slacuond )3 0,8 eole gusled S 4 lod (6 ,5o0jll 1Y IS

IS WRRY ISP WHEN

nﬂ,,m,,zloo{(FT—AT).E 0.66 +0.009H (M)

021-0,%

odlil b (BLSI (415 529 31 3 S g (51 Cdypan il
30 duslona (YY) ] §

AVaxcess air = qftoic - ﬂuomb [mj (YY)
F

(Some) amlio loj b & )l Jlasl &5 Gl b sl S 5

il 4 dagi b Cogw Bras )3 (arddpo oS Mo S (b oSy

S5 el (YF) el b LT g nlS 5 0 € sl o

AV o =BV, 109 (V¥)

PFS = ‘AV”

old

Cou g b -€
Slowlxe ¢ She Gl (005 o iolejl gl cuad opl )
slagb gyl cou oyl JUisl Glapslle mrew s slp oo
290 Sy (sly L D9 g0 Bl (586 g (g pp ( SKhw HCwsd

b s Pl i gus B o SlS poliatody (gilusdinge 3,0 Sislej]

Ob ey oyl Jlasl glap il woew =) ¥
s olslb glal je5 Jab calivwe sacwuwd gl pwils 5 5
ol owloi gt gmanled olKiwd I eolawl b 8l 5 6y «SKio

Yy

Grys = i[aroAB ((T;" ) —T;)+ 0.200, } (VA)

Sl 5 ggaa b il o e 44 IS ritas e s
W" 55 L;')‘P )l.w 9 L)L’ cla.w 4 th)]%.b Lf"“ )I ?da.w w"‘ W)
Casddy (V) dlaly 51 g ol (6 e & lys] 5l ol (olaj8 5 ez

Y] 8l e

qr,B =qr—BV +qr—B,S (\c\)

S U ggeome &5 b ey anld > IS Sl slb don
ol dpoloro BB (V) dlasly b ol midins 9 Colin o plaasls

Gt p =Geom 8 TDeona 3 9 (Y' )

C g G yme yinlS Y Y
OiSly 4 53959 Sl (g ()l il 3 IS ,T Jalge ]
lS el Wl oo (SLSI lgm ol 5l S 39y anl (Jnito) (312
255 3 (Lol o g (551 5l oobj i &1 g 3l ool
5 b B ol B g 5l liebl gl ()b VY] 3580 2
DiSly )3 ol lon (g luho s9vg dmor YT Sy 1s 5l Sl
Sl GuSly {VA] (g sl 3 Shos 4 d2g5 b ocanl p3Y (3]0
Lol hB g cuslio STy Sy Gliear (S (lga 2o WY (JI0L
ala §) odlizal L 395 oo 4l o Suy VT 5 (g5 Coypme talS

Sl glga caws o 1y Glanl ool e o @)K dlasly 4 japiie (YY)



FEVE B YTV doio A¥AQ Jlo V) o)l @Y 093 S ol SilSn i 4y

g S o olfsd Ko 4y 25l cilisn (glaygs 3l e23lh 9 15293 Sl (298 slafl5 Jelod Y Jgar

Table 2.
Neomb ex FT AT Tua NOx NO: NO CcO CO: 0: -
AL
(%) (%) (9] (WY)) cC)  (ppm) (ppm) (ppm) (ppm) (%) (%)
FAIVE \2Y YEVY V4/4- rrIvO Y& 4 \td Yv. fIVE \Y/OY S
#YIf- Yvy YOor/Y \7/q-. YVO/ -0 N VY Y YAD Y/a¥ VO/AN Srr
Y/ . fay YAY/# Y7 MO/IYD b «/q \- \'Y VIAY \VYIVY 98l
il b sl Shy 390 5 lapialejl zls ¥ Josa
Table 3.
T, T T T Ap Lp ng At msg ma Vy
e
X (WY WY) O (m?) (m) (s) (kg)  (kg) (m’.hr')
[AMALN ¥ \g ) va. \Y N4 Y4 \Ye o DA .7 £l S
INERYARA fy- YAD Yy. LIATA /-4 Y¥ AR </f¥ - I7Y AYA SRy
NI A Yoo 7O AR <l Y- i VY <\Y ARYAY4 O

bl b coy floj b g il cglate odud )53 polde dy Cuns Wlg5 oo
oS 05l 01 S5 pyolio j) Sglite Wlgie of U515 5 65 S (slo 505
Sl (0gs 4y g Sy (g2 eyl oy gliie cutS 4y yoxie
slopile Gl 5l (B> )l L S @l 3k 2gd U oo
o i 938 5 Syt S o o S g &l il
Gl @ayoyio p Sl YEARS 5 VAOYY ¥ -AFY 200 1
S syl ey pd oyl Ja! slap 51K mow Juo ) Cpiren
4 .)wudo odliie .l 0 djl)l ¥ JBJ.> Py Ml}m U?Ab 9 Sy
)l JUs p 3o o (98 (6 EWe 2 (0 g S slagl
0o dwdin yol cpl s ol 50U bap 1l 500 b duslio o bl
ety by Glyn ) Jols £l glasl8 395 oo el a5 L3l oo 5186 505
Ol JWl il g anle yoe ey Jl > sl ) e
CSy Sl S Clgiee SR Olo 4 2sd WA 565 (] ) el
Feindid g Colad ol el e gl 31K (g g S sla b
5 & Cons ol 351K 930 b 3 > S Jlos i o
JOlge rn 9 SSiw lagl 3 cnlpli )l (i o 503 (6
Tl g ol glapilse blie 3 olrale &)l JliSl piolSe wo
Sl o8 cutly Hlasl Ll dw) o 5o 4 calple a8 iy
295 J31 I (bl s s (3Bl e (ol g, )] (g 9 S

O 2als Ol Jasl co o (il jslaieds j5 ) (oS 5 S b

P‘_\f)_h d])) UMW 9 Cawl 0445 Lg).‘fo)l.bl SN 1; 9 Ay pli> AN
¥ S ol 005 b ymo :Sikio 5 Lawgio (glod Sy 515 (clmo s ]
0930 5 (620 S 21l el (1 Lo (sl pS0jll ot (5
5 U529 Jl (298 a5 o 5,90 13 o ilejl gl amd e oLt )
oy LS Y Jgda 50 (58l g (650 S (il sboyois 5l 003l
5SS 38le 5 3l oolianl b Jgas oyl y3 3yl SSLLT glod ol o
S u.’-‘?lj slrygs dl).ol o33 &S 290 0 ol liie ol 0045 duwslro
¥ 290> ) (980 (b )95 3lyal 033l 9 20> Ve g 33 (6 g
295 pPpadd g )9 £95 dw b 3 &S a3 e (i el pl el wo >
ol 55 Jle plgiear cusl YU (3839 1 g5l Sl wpew (9230
wsiile g 00l s (iSaen il sl 5l Lols (655l o g3 AV dgas ygu8ls
28 psblen edee ye5 Slaojlux I Ol g (b coy Bye 65y
SSiw )95 (i39I (295 B slod 950 paaliie g
Glynl 03l 4 398 oo oamliie Jb (l b fanl S stin (1580 595 4y g
2 PBLl lgn wrew (92 VLl pl Jd 08l o jly SS9
3590 2 o ilof] @l ¥ g (sizan Sl o (19280 495 3lyl a2
o3 5l 6365 0e0be @S 5 586 5 (0 o« SKw sl Sl Sy
ol ol guls &yl 3 dng5 ol 4SS o i |y (30> (slavo )l
a5 b g ol osd plol o (65550510 polie diges (6l luvlxe a5

Ob 5 il oy Mis il glaiio wiles o yodle pl b Il 5,88 e ois

AAREA



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

O e S eyl (278 by 3 39290 cllsao)d rizman 5 Ol S slap e paew si0)3 1€ Jgi

Table 4.
2 9390 s sl (Y0) &)y JU! o 550 ptean
Ryeely Sr Soww [(%)@):u bilg, sl M)é]

[+ -/ox] oy

[+ .y ] oy

[+ -/vy] a/5
ERVINIR 2 dIN
[+ -/av] AN

[+ yrevl £1/20

[+ ./-¥] /5
[+ -/va] /vy
[+ -/vy] a/vy
[+ v/es] fY/va
[+ -nylvive
[+ /-] $VIA-

[+ -/-Al vr50
[+ -/ve] sy
[+ -/¥Flra/vY
(= v/ev] aV/vs
[+ -/v0] Vivs
[+ vnrl vins

skl plalr o)l il prlse
b glrale o)l il e 5lse
slal o)l Ul ol
Cylad @)l JUl o 6l
o> Ehadd Ol il el
e @iass &)l JUsl el

[+ Y/YAl YY/YY

[+ v/ral av/a¥

[+ Y/a¥] Fa/ay

gt @y JU p3il5n

sl dyg0 5o Lol u’.s]yla L;lb»b P CSow Byans wmlf £9d flf
S5 e 20093 e SRR 9 (U CudeS dgat (sl anls ans
b iz Bl oSy Lo ol 5 VU Jl iy Jbs 5o slogs 3L
b yeS" Gloj o (b 5y 90,5 plxl jlme loj ol S o (b ey
Dgb oo U CutS tals el e o3l oyl 5l gt

Gpd 05 S (Sl 398 G pd Syl ©jgody pobs S
a8 D 4Bl Cawd (gldigy Jdo 4y U Wb o 0013 yusd 5ol Ll glas)l o
ol 28l S Loy ol 5 YUl 06 by (386, (65 ot o 0
o pd Beidode U o )dF+ thiopd £o 03gdzme )3 ¢S L;).o.s Cmds
el aS Gl duoyd B tlio)d B+ Comd (R0 <0 Oyleds ol i
2 bl sl (laSG ol o Y51 U dlaoger (3155 (6551 wrew 294800
Froagh b g b lad 5l o by (8L (55l a8 )90
Gl jlre g o (pendS (b Cowlio CuS Wbl wo loyd Frito
e Cladss b &S cul Jed (glays )3 denge kol wdgie (]
Cowl oss Juol>

&P Cost b oy caS bl ase gl lp BB
UiblS (b cuasS Laas L) jloxe s3gdme p3 ity yloj ¢ a4y &l Jlaml
b o8 Sy lp Cogw Bras (i cui g dleie Iy
Lyl 3 b o gy Liloj jlome ogdome ol Jlas iy o tmlS
ol 04 Juols  Sliwe ladzs b oSl J2d (glayei5 3 39590

Jb 0 S&iw )b by (8L Syl 5l duo pd Sl o sl ylages
oo (S (55l 395 o i dbolgnd y9io o 5 Sl e 5y

coy Jbs sl CutS duwlio dl)’. )9 s &L&.’»’)l 9 Géhél L5|9.tz7

¥r1o

piseeens g 2l oy o )3 slagl e 5 )55 J3h gl lajls
5 Giltseo (clab Sy 0 Syl Calin YU wpw S0 (gm0 5] 8L
plosl b & el el Gl oo a5 am3 o (LS (938 (b pogad 4
(52 9 SKtw (sl 95) )95 A5 5 (19586 )9) o)l iz > (S
A o5 b b o b g 3905 Cogi | pilSe 0 e 50
Joiz ) 538> (25 L dged (ppddye (G5l pas 32, )5
2bj b iz lgl oy ) piadl pisle waew oS <8l g ¥
FB (b gt Jlie )3 (coom> il p 1S o JU (ol L S
i Sos] Vit & 3650 o] asid ol oyl iy il gt
bulyd 3909 jl5 (pl (liadiad olgt i jglatods El> (S iz >
3 i oo gdinddd oS maw &S e o ey Cuslio )55
Somg) 595 bl )3 Gl Cglis Wl e ol 53 Sl sl g
Ol 155 JS13 £ gt ninds ol s 3 Jlotsl s Wl ke
Cgw Bpan (ialS 5 Cosli 1) (rlaw giads o)l Jlinl piolse
2350 slad wop ¥ Joda ) (uizmen 905 (gilwdine] 1) b2l
Wl 04 &3l 35,55 baly
Joxdgh el glis p (e oS an b cpl (olos (b b (i)
o1 (olojl gty 53 5SSy o] (lacians > s ¥ i
JR S g 35 5 dualiie 390 5 J3 I osdplnl sla i L g
BBl e 53 jluo)la g wree (2SRl 4 (5 o0 ol 855 o0

e
2 9 )b CutsS day G plS pd pils IS 50 (gilwdiagg | GBaa



100

100

T T T T T T T I T T I T T T T T T I T T I T T I T I T T
i a COmV, 1L > cond O rad | [ O cOnv, 1L cond 1
i & ponid rad, s fop 1 4 conv, f rad, s = igg i
80 - ~V conv rad, v - down ] 80 ¢ conv v semssss dowin]
/\3 | T | @ S H=1.165 (m) i
< s b < S =1.4010°
- 60F  H=1.165 (m) e 1 S e -~ o = 1.40-10° (ns) ]
i | _ 106 2 ] =] | ]
= - = 1.80410°(m/s?) - ] = i ]
5 T 5 00 99 g 4f ]
T | o 9 [ = |
20F o . 2019 .
s O i s n 4
R ; ; ; g 5] i u T 5]
oL& \g\\gl\g\lg a8 & oL2 4 a1y Y a9 91
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Emissivity Emissivity
b-) (a-l)
100 | T T T I T T T I T T T I T T T I T T T I T T T ] 100 [ T T I I I ]
- ad conv, n cond O rad - 4 conv, n cond rad
[ & conv, f rad, s [ & conv, f rad, s
80 : top 80 = lop
- v conv rad, v —--mmmm down - v conv rad, v -~ down
> ok ex=5% a=1.80-10"(n/s) =094 ] ) e H=1165(m) o= 1.80-10° (ms) € =094
X I _ ] X L e s ]
2 I i = | FoEemmemEmee i
&9 5 | S 5 |
S 401 (@] (0} 0 (0] o n = 40F 000O0OO0 (o] .
o] - : o] - 1
o0 1 T 1
201 y 201 .
[ ¥ L ! ! | g 1 g | g L] 0 ;_g_% ! TR | ; ! ]
?).6 0.8 1 1.2 1.4 1.6 1.8 0 50 100 150 200
H (m) ex(%)
-3 o)
Fig. 3

g mtes (2) 095 I ()l 398 s 5 ol y9do cupd St (@ 5 ) cus p SSis (6 lawgs (8L )l s a0 1Y IS

Sy Jb b CasS dlis gly jo Gt glis)l (3) 5 3L

3950 598 03ga5xe 5| L el Anlgd cowd 4 (VY) dlasly 13 lad g oxa b 4
B /N e Gl oo o b 0dgaome (W) ¥ jbged & o LS
9,1 )18 5l 03b 50 b 9 YU 5l b 8Ly (655l doyn oS I b +/YF
ot 3 el e ol piin o (6 <8y ploj &S pl Jid> 4 Ll
S8 duolio b 29y dalgd 39300 il j9do cupd (slp 39 03900
Blod J) 48 <l gise & Joio otnlio b 5 () ¥ lagei 5 (<) ¥
S (il 398 cupo palle b i S (L )9 (U S

-\

D 418 dipo balpd )3 /¥ 9 V/Fe XV m'S T Gl jodio oy g
2 o bl anlgs (I3l b )55 4y G 455 ) S B e Ll
Oleots /A & JAYY jlade jl s yorio o pb 381l (Lo (gl o5
s9he upd 9 S (Sl 98 cups Glojen (il L g Lo VIO
Sy slyeS e Cundg) ATY 9 VE T ms T e ) chkes

Sy oloj ialS eus +/AF 5 VA VT m's ™ polde 4 (S o

YU 5l oyl Janl 3 olis bolas  3W Jowe wbilens odly L ¥ S5 o
Jols (b kS e o] Bl audls e o ¥ S5

Sy e oy yaalS 4y by o Slusloxe gl O Jgdo (rizmed Aoled o0

oS 5 5l sy glade 3)90 )3 |y g Bpan Al A 3
A b gl o8 30 Joto 4 dagi b dms e Ll S 2l
ul s 95 i elis)) g (AL lgn (lecil g 39290 Lulyd (585
b 29y g (Bl GGl e S Lalpd ol b il 5 S At
Qb cn ) o ioned 9 ()] @il g (olml (lap 35 ggeoe)
allas 390 il 4131 SRS b (i lb SN )l Culan pjlS)
bl Sl 3 (ol Codgiome b o)lal jjie & pbolen .85 )15
13 b ST & i S LIl (el oS el o iy ol i
(195 Conl) Coos) Jrdio 0 S35 L 9 (1955 o Coows) Jrdio 51 95 4ol

Ob cSu ey s bal o 5 1wl cgliie 4dBd £ B YD o g 42

ARk



S 2ol gl cuas b il ains slo Jde sl Cogw B s ials 10 ,_]9.\?

FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

Table 5.
PFS Vi =AV s ar t Gdown qtop H ex & a )
@) @) ) %) (%) M (%) sy
SialesT 3,90 /e YAD FE/OY WAL VPO V£V /A SIAYY Ve x e |
- VIV, AEN A fa/v4 VPO V£V /AN - /%9 Ve ke Y
- FINE YO \aligd AR} VPO V£V /AN A Ve ke Y
- FINY 4. FOIYA OF/VY VPO V£V /A - Iva Ve ke i
AN OIOA Y50 FYNY OFIAA VPO V£V /AN -/a¥ Ve ke o
Vo IAY aIve YOO SR DR VPO V£V /A A VA x VA 4
Vany FIAS YY. OFIAE \avAY< VPO V£V /AN - 1va VA x Ve Y
YN \AA! YYY 0%/ Y FY/AA VPO V£V /AN < IAYY VA x Vet A
Y&IYa (V/-9) FIFY Yy af/Pa AR VPO V£V /AN -/a¥ VA x Vet q
$olA- TARD) Y- OFNA FO/AY VIS0 g -/a¥ VIAe x Yo Ve
Yoy IYY) Yy INIAR fO/4. VPO f- -/a¥ VA x Vet 1Y
Vi 1Y) Y- of/-Y fo/AY VPO Y. -/a¥ VA x Ve VY
AY/£Y I"F) Yy av/ea ££/%) VPO Y- -/a¥ VA x Vet Y
AY/OA -1-Y) Yy INTAR) ££104 VPO \. -/a¥ VA x Vet A
- - Y- ov/es FEIVE VO \. -/a¥ VA x Ve V0
- - Y- Of/+ ) £0/24 VYO \. -/a¥ VA x Ve V&
- - Y- NN fo/aY \ \e <af VIAe x Vet \Y
- - Yy Of/fa £0O/0) - IVO \e. -/a¥ VA x Vet YA

8L j9dde (398 yMde &y (g pusd Jaidio oS Oj90
£l SnlS 4 by jo S (b oy (slaygs (siluting 2o
o (ol Olawbre gl sl L5 Jolpe dinge Laalpd )3 baygts i
ool £l (elnfl5 oz gutindds cciior gl ] zalS b S ol ] 5 Sl
&) Cardly 30 88 Cul iz o B 5l () & oo 10T 5o )
(i ol 3 48,5 plosi] (gl syt g e ldllas 1 e 13 01 anlss
a8 3gy led e 5o ot gl LialS ddlllas  Sloj s &S wb does
L 1320005 oo (3 ey oy 93 5 05 b las Ayt 6151 g5The 505
b S ey bawgie ploj 0 plosl (slas pSojlil Bl 25 1SS
W o)Ll G 5 i aS” w65 len plply sl ABB0 Y Do 13 gy
olos g Jsine dlox 5l (gilwdings sl 39250 Slacudgioe 4 day
Gl .l (53500 (50l el 9 Y 51 (6 (8L )3 (65,3 o 9 (6 oy
Je oS Conl g0 cpl @ g b E5y (slaygs (Jub s 7 Jg
\

s9he apd o VAN Tms Ll 505 S ()l 68 cu s

Yy

2y ol penddio Llgl 5 B uns 3 ao ) YF 390 1 e o )b
m's ™ e | 555 ()l 368 cupd polie &S Cul S5 4 )Y

Cadgiome ()55 L)) s @ a5 8 15 oy 390 53 VA XN
S8 b g i po o] @l @) ol o Y 51 b By (655
Al s 900 g pd izman g AN TS il ST )l
€yt LS (elgn ,tmlS o pIS 5 ol dingy i Jsic 4y +/AF |
ol @ g 0 Joio Gl ol @l Jgl p5 @ bgyjo i Ll
Fo5a 30 ylei oo o SLSl slad loyd Ve ya yialS glilay a8 s y doe
o 53 3505 ) grebyo Al lyp 1 56 (5551 Sl 3 0
By Gl oy don 3 g Oyl JU cilises (glapjilSe oo oS
L o s C 313 5,5 s iz s ol 5 VU J o
2o Ve lise 4 Jad Lalyd )3 o> VY e I o] galS g e
Lol o 4 boype cldi o sy AF Lu).oa Wl oS8 byl

2 5 Cunl (Ko y55 dlad gy b ds ds g b ardl il daled  Londd o



S lob sl cuas il ae s sl Cogw Bpae al8 T Jgs

Table 6.
PFS Vi =AV s ar t Gdown qrop H ex & a .
G k) R ) m (%) i
DialesT 5590 AIYA Y- LAE! OFIVY VIV YYYAS  JATY  fYaxy. Y \
- VYIS $q. DO FE/5F VIVO YYYAS  eI¥E YA ) Y Y
- VV/BY OAD 6-/30 4.0 VIVO YYYAF /4 FYA ) Y ¥
- a/ay 0+ fV/PE oY/YS VIVO YYYAF -/5F FYA ) Y
- AIAS 0. FE/AY BONY VIVO YYYAF -IVA FYA ) Y )
vio- v/aa £ FY/0F iz VIVO YYYAF  -/A¥ FYA ) Y s
YY/5) $I%) "o BYIVA FY/YY VIVO YYYAF -IVA YO )+ Y v
YEIVA £Iva 10 oY/ - fY/A- VIVO YYYAF /A Y/OY )+ A A
YAV (V/a-) 8- Yoo 0010 FE/AL VIVO YYYAS  -/A¥ YO x\ - A q
AVIY - /¥0) Yoo OF/V /¥4 VIVO o -/2¥ Y/OY )+ A Ve
ADIYY CIYA) Yoo OF/V- fON- VIVO £ -/2¥ Y/OY )+ A 1
A/ Y CIvY) Yoo OF/SA fONY VIVO v -/2¥ YO x\ - A VY
ay/sa ¥ Yoo ¥/ fO/f- VIVO Y- N YO )+ A Y
as/re 1Y) Yoo OF/00 FO/%0 VIVO V. N Y/OY )+ A Ve
S 29l Gy cutS Il ainy sloJae ly o g Bpas LialS 1 Jgan
Table 6.
PFS Vi=AV s t Gdown Grop H ex & a .
(%) (m’.hr ") (s) (%) (%) (m) (%) (m’s™) e
Sialog 350 YoNg VA OV FAISE -IA fTqayre Ay Vievx) . A \
- 10¥ Yelo VA BY/YY FAIVA <IA LA AR RYLY SR VA L Y
e \ VA OY/B4 FY/E <IA LA ZARERYL T U 71 4 SR ¥
YIAF VA/OA VO OFIVY YTV <IA LRAZARERRY /4 S 71 1 AP f
s Va/-f VY- DO/AY FF/-V <IA LR A RERRYIZ W 71 1 AR )
AIYQ VAFY 2N DO/EY FFIOA <IA FAYF A YY) - 5
AIYQ AIYY) VAIFY 2N BOIY FE/A <IA VY AF YY) v
AJ/E0 (-1a%) 2N BOIVA FEIY <IA b NS 702 MR A
AV /AA - IV0) 2N DOINVY FEIYY <IA f- NS 702 MR q
av/a) - 16%) 2N DOV FEY <IA v NS 702 MR V.
20/9% YY) V20 BO/BY FE/EY <IA Y- NS 702 MR 1
av/ay N9 V20 DO/00 FE/EO -IA Ve NS 702 IR VY

YYIA



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

100

100 p—r—1T""—"7"—7F"—""T""""T7T"—"T"T"T1T"T—T T T —rT—T—TT7 T
r a conv, n cone O rad T r a cony, T cond 1
F A conv, f < 1ad, 8 top g - o conv, f rad, s -
F v conv rad, v e - down 4 F - conv rad, v E
80 o - 7 80 N H=1.75 (m) 7
i =< "y J L > @=4.29 .107(m7s) E
Q\i 60 [ H=L750m) B~ _ N - N é 60 C S y €,=272.86 % h
X r = ¢ (m? P op ] =< o =D 4
= a=2.53.10° (m?/s) = RN @) @]
= X €=272.86 % ] = C T B- - Q ]
2 B X - ° 1 B "L"‘"D. ...... > T
S 40 = o0 O S 40 = (@) -
an) F (@] 1 o 3 @) 4
L Q i L o 4
L o J L i
20 b= o - 20 _a -
- - - ﬁ -
(8 =2 2 2 = o o 1 L 8 = 2 28 D -
OA..N..nl.‘.l‘}ﬁ..M?"..‘Vx 0 . Y. T S 1. 1 =
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Emissivity Emissivity
(<) (&
100 »r—T—"—7T—"—""—"—T1T"—""—"TT7T—TT 7 TT T 1T DO L0 s o o o o o o o o e e e B e e B B B B L
r a CcoTv, Tl cond O rad A r a conv, n cond o] rad 1
- & conv, f < Tad, s top g & conv, f < 1ad, 8 top E
- < conv e - down 4 v conv rad, v R - down
80 = e=10% N 80 C H=1.75 (m) 7
| ®=2.53.10° (m?/s) ] | 2=2.53.10° (m?s) ]
= L - —0.94 E < r €=0.94 ]
S 60 f : 4 < 60p -
é - D ............... D D . - B ............... -D_ é -DDD»D ............................................................ {> -
=0 1 = [ ]
5 4wfk O o) ) o) o 8 40 [OOOCO o J
20 = - 20 b= -
0.6 0.8 1 1.2 1.4 1.6 1.8 0 50 100 150 200 250 300
H (m) C (%)
) ©
Fig. 4

5 B3] slsp e () B (> 3585 i pd 5 o)l sgio e S (&9 ) e g O g (Bl ()l )L a3 1€ UK

Sy Jb o b curs anlie gl yo5 e i)l (3)

Sl radpo  olgl i gw Bpas 10 loyd YA 390> 43 lg5 oo F/OY
SAYY Jlade | i jho Gyt S L g Ll b cnl ) Gizmen 5,8
wordd s olel B Gras 3 K03 Mo ¥ dgds o ol e +/AF &
m's™ jl 58,50 Sl 68 o plie a5 Cusl S5 & p3Y 5,8 sl
G pd polio plad )3 4 05 aoni 9 8,5 )8 (g 3)90 35 VIOY XV
5 0355 ose 039158 3 sl 5 YU J o5 (B> (555 i sy
ol pd gl dipg oo Ab easudie j s W)l pa b b ld OS]
Spas silodisgy Sliwl) 13 in pB S ()l 3985 9 il ypdo
ol Bpao Cogu Bl don GialS 156 oy b g
YOy xVeTm's T bl S Syl 3ed5 o s Ol b jelate s
F Jpie Blas e bulyd plpicas AV bl bl joh0 cups g

Gl 5l ao o ¥ ogis o Gl o SLSl dlor dopd Ve o Eals lslay

¥Ya

wﬁo)béfpu»‘uam\cﬁ»b.\hwbmbw '/A\‘YL)J])JW

\

@)5,\.@ g.,\.:).w ).:bl.u d‘)]‘"’ ‘\C/Yi XY -y m‘s‘ [_,)_,])_, @)‘P b}m

s oo 039350 33 s 9 YU 51 (8L ) (53] s +IYY 5l 5 Sz o8
VAL /YY 039000 13 jodio s pdlde (0 &S pl d da gl b pison
ey lej £ Joia illas Lol il 039 )3 (il 9 YU I (8L 3 (555
2 ogMe il dalgs iuli8l Gl gw Bpas g Cul et i b
Ol o +/AF ke &) s 50 g pb (sl b 39250 Lasl 3 )3
e oyl &S 38 dbul b s Claw Buas 1 Aoy Y/D dgas
upd ) g Spp 2ol s Sl Wty 4 gy i
L5 Joso @l il auily o 0 (o0 zobs Wy o S Syl dga
o pd i LS 9 (AYY) 39290 Ll )3 i joh0 o 5 (pilec S

V-7 m's ™ Jlade 4 F/YAUN-T m'S T Jlade I o5 ST )l Do



203 A Dgdn 33 g5 o duoyd Vo Jlade 4 doyd FAY/Y e 5SS

2g90d o5 B3l slgn 3l 26 (551 Ml ]

6 75 42 =0
slod dlowogdy (65503101 5 alojl plool bl sl adlllas 5
g (393) S Julods olSisd 5 W= 5ol S o 8ol a2
e (s o) jpcud clisee (slayols Slasede L wSolpl YO
Onxed g 595 (JEI slaolin (glod alox I (98l 5 (s «SSius)
slod balgy il onlatl b g b asiiie joi5 J80 ¢ g8 oSy
slagb ey 3 ol Jlil il glap sl o o2k Sluslxe o
5 S sl oy plbals @)l JEl e o ol ks

Jilie )3 3580 ol wiws 3l g5 o0 g (30,3 B dga) sl (087 slenr (52

g Jude (B3I (dlop oS b Gl oo I 0908 o8 (LS (slga I (S50
D dod Ve limeds o ed Lalyd )3 aoyd YWYIAS e I o) ielS
i dbyo Ll o 4 baye Sl 53 oy 08 Ly i wyis Lulys
3 38 Sy 2ol 3 SSaw 2l by jo bt Gillao 5 dalgs
ISl ol gl pools g bl b o )95 L 165)] (3lodinge 5
dwdin ) pudd Sl 58l Sleil joi ol dwdin Jdddy g dales
sboold y9do 9 398 culpd (gwp 4 Olgien bad g o s )55
Vs Gllae (B JS2) c8loyy (Bl dlo (2alS o] 5l Soge 5 (o>
o pd plie &S Cul Gjgo cpl 4 (980 (b O (gl (a Ll
AV g VN XV T MTS T (S 5 495 0yled yedo g g (Sl Do
xVe7m's ) Jlade 4 dg3ge Jlade 5l 5yl 3985 Co s i b il o

o SIS bl jaseto ¥ o 5145 @365 lod cpsizzen 3,5 b

10 p—T—7T"7F"—FT""T"—T"TFT—TT 7T 7T 7T T 10 p—r—7—F—7F—"—"—F """ "7 T 7T T
r a conv, n cond (] rad b r a conv, n I cond O rad 1
& conv, f rad, s top — —— conv, T rad, s top 1
r v COonv rad, v =S oW o r v conv fad, v e down
80 = o s - 80 = -
L =2.23.10" (m’/s) i L 4
- B> ©,—492.3 % 4 = o=1.01 .10°(m%s) i
< oo E < - €,=492.3 % k
SN Y S [ B m e 4 < eof, -
E : B> : E : [ SS——— > . > D> - B> :
=~ | i = | i
é‘; 40 = = é 40 = =
L 4 L co 1
3 o QO - o Q Q 1
. L o o) Q Q i Lo Q Q i
= = 20 o -
L9 v i L 4 v v v ]
_E N4 g E E E EE ] _EI ] ] ] [ g Eg i
okd . .8 .. 6,.6.,.,6,.48,00] k& . .8..8,.06.,8,..4, 60]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Emissivity Emissivity
(<) (ah
100 pr—7/—7V—V—7F—+—"—7—7"T T T—T T T V1T T—T T TP T T
- a conv, n | cond (o] rad 1
- A conv, 1 rad, s top E
- v conv xad, v i = down
80 = -
n @=2.23.10° (m?s) 4
= i £ =0.94 :
S 60 = -
< IDEPBP>— = = e e N
= 5 J
= [ 4
5:“3 40 = =
©Li) =
20 b= -
ol M I B
0 100 200 300 400 500
€, (%0)
@
Fig. 4

5 BLSl Sl wrew () S (il 398 e pd 5 Boolind y9do i Sl (5 W) G 0 (U bawg (BLy> ()l 5L o> 1 YU

Coy by b curS dulie (gl o5 Gaiw gl ()

FrY-



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

e Cow 08 -1
(M%) aasin zhe 4
chgm s lyp i AF
Akg'oC) oy sboF cud ks G
(M) )55 b b 5 glis)| M
W K 5> cols coye K
(M) dasise Job
(V5o KIM?) a8 by 5> ooy LHV
kg) prr M
kg.s") o> o0 M
clubooe  Nu
@tm) Lz P
g yan galS ay  PFS
Jily sae Pr
shly sae Ra
COK s T
) Ob o o3y bawgie by
u

(ms™!) ce

M2 Gyl 3k po

K oz blacsl o o

2938 G gD

(kgm) Jis

OV A W2 K ) e idgr oLl coli

bgie

Sl

ol

2T 8 i)

Ob e

(b ) g

sl plal>

o5 JBIs Els sl ol >
el ol

b ol

o

s Ol sl @50l

055 0 lend 51 (oxlans adaids
)55 S

wadl b

é‘QLSL‘”}lfj‘S&U‘SA.?o

ol

by mde

QA ™ " ™ R

Lo YL

3

L gy )

S5

~ X N 4 oo

=

ov

AARA!

JUsl caliee (slap 135 o 2905 Jlaich o i g Culin slapjslSee
ol Gygo cpl 4 i s sla oyl coy oyl
O/0F slaals g 0oy TA/AY giadd wuo)yd FF/AY colin 1SS o
Loy
OV ol 5 o> OV/OF minds o> FY/YA Colin s spy @
Loy
VOIYY olaals g duo 3 YY/YY mibonds cduo )3 OV/YE Colan 1 el @
Loy
Sl esy ol Jisl e glap sl pre 38 calus
) e IS g b s dgnte (sl (ol ylSaly 1) 4y el
laojlpd (a9 (Susdger (Rl ilwaine W 9o oxie
o gl Cogw Bpan (Ll )3 oljwds 8 jpws cilise (slaygs
5 S Syl S slaig p Il pelais sy S o ) ol S
2 Bl (slon il a0 3B (gam S )3 g dinge s ndinds
Slalpb sl a5 o Ui gl b ooy s P iy Ll
295 S Ul e Sl 398 Gupd e g8 g S (S
Omomed 9 VIYY XV m's g V/OY Ve m's T VA xV T m's
ol iy iy pole (pl a5 sl +/AY g </AF < /AF Al joduo o s
2y ol ppdie olel B Gras 3wy A g YA FF 250 o
Jopd Ve jlade 4 393 g0 pdlde | LSl (slod dopd yialS b picen
lr 595 o)led sodo 5 S (Sl 398 lacy s dine palie
9 VA 290 3 i e (9Bl g Spp SKw Slalpl
g caliste Glalllas Ly wcawlS BLSI (glga 4y bgyye clals 5l o yd AA
9SS (sl il U S gli5)] alS' 390 53 48 Splocl gl o)
Anlgs Sado o il gl (il adllae (Sloj oS &S Ab 4o (52

Iodome ¢yl oy oy 3 5 005 Al it £lis) L ,sShe 4905 &S 39

D90 ))SG gyl podls



FEVE B YTV doio A¥AQ Jlo V) o)l @Y 093 S ol SilSn i 4y

carbon dioxide evolution in chemically leavened wheat
flour dough”, Journal of agric. food chemistry, 56, pp.
9855-9861, 2008.

[10] G.G. Bellido, M.G. Scanlon, J.H. Page, “Measurement
of dough specific volume in chemically leavened dough
systems”, Journal of cereal science, 49, pp. 212-218,

2009.

[11] J. Rouill¢, H. Chiron, P. Colonna, G. Della Valle, D.
Lourdin, “Dough/crumb transition during French bread
baking”, Journal of cereal science, 52, pp. 161-169,
2010.

[12] M.J. Wagner, T. Lucas, D. Le Ray, G. Trystram, “Water
transport in bread during baking”, Journal of food

engineering, 78, pp. 1167-1173, 2007.

[13] A. Mondal, A.K. Datta, “Bread baking — a review”,
Journal of food engineering, 86, pp. 465—474, 2008.

[14] A. Mondal, A.K. Datta, “Two-dimensional CFD
modeling and simulation of crustless bread baking
process”, Journal of food engineering, 99, pp. 166-174,
2010.

[15] H. Pahlavanzadeh, H. Shabani, A. Sarakhni, “An
investigation of baking bread through short waves and
compare it with traditional baking”,Iranian Journal of

Energy, 66 (50), 2001.(in Persian 4 )

[16] M. Ghanbari, M. Shahedi, “The effect of temperature
and baking time on the quality and speed of bread staling”,
Journal of Science and Technology of Agriculture and

Natural Resources, 12 (43), 2008. (in Persian 4 )

[17]S.A.M. Hashemi, S. Sadripour, M. Estajloo, “Energy and
Exergy Analyzes and Evaluation of Fuel Consumption
Reduction Techniques in Traditional Flatbreads

Bakeries”, Amirkabir Mechanical Engineering Journal,

Article in press.(in Persians=_\4 )

‘é-;‘b))é 9 M"“
(St Jblas 08 Gl S5 (o €835 (659l8 5 Gimgh 9l 35 5o 5l

D50 (S35 g (IS wlew gyl el 3 aslrden Coles 4

Xlo
[1] Nutrition and food research institute of Iran, Master plan
for household food consumption patterns and nutritional

status of Iran, 2014. (in Persian~_4 )

[2] S. Daneshgar, “Comparative statistics of bakery units in
the years 1383, 1386 and 1389”, Grain Research Center,

2011. (in Persian=_4 )

[3] S.A.M. Hashemi, M. Estajloo, S. Sadripour, “An
experimental and mathematical study to calculate the
bakery and oven efficiencies of traditional bakeries in

Iran”, ISME2016, Yazd, Iran, 2011. (in Persian 4 )

[4] V. Nicolas, P. Salagnac, P. Glouanne, J.P. Plotea, V. Jury,
L. Boillereaux, “Modelling heat and mass transfer in
deformable porous media: Application to bread baking”,

Journal of food engineering, 130, pp. 2335, 2014.

[5]V. Jury, JY. Monteau, J. Comiti, A. Le—Balil,
“Determination and prediction of thermal conductivity
of frozen part baked bread during thawing and baking”,

Food research international, 40(7), pp. 874—882, 2007.
[6] L. Stampfli, B. Nersten, “Emulsifiers in bread baking”,
Food chemistry, 52(4), pp. 353-360, 1995.

[7] E. Chiotellis, G.M. Campbell, “Proving of bread dough I:
modelling the evolution of the bubble size distribution”,

Food bioprod process, 81, pp. 194-206, 2003a.

[8] E. Chiotellis, G.M. Campbell, “Proving of bread dough
II: Measurement of gas production and retention”, Food

bioprod process, 81, pp. 207-216, 2003b.

[9] G.G. Bellido, M.G. Scanlon, H.D. Sapirstein, J.H. Page,

“Use of a pressuremeter to measure the kinetics of

yYyYy



FEVE B YTV doio AFAR Jlo V) 0yleud DY 095 ¢S pool SilSn i 4y pui

[25] T.L. Bergman, A.S. Lavine, F.P. Incropera, D.P. DeWitt,
Introduction to heat transfer, John Wiley and sons, 7th

ed., USA, 2002.

[26] F.P. Incropera, D.P. DeWitt, D.P. Introduction to heat

transfer, John Wiley and sons, 4th ed, 2007.

[27] Y.A. Cengel, Heat transfer, a practical approach,

McGraw Hill science engineering math, New York, 2002.

[28] burnurs of iranradiator company, www.iranradiator.ir.
(in Persian -4 )

[29] N. Kraiem, M. Lajil, L. Limous, R. Said, and M.
Jeguirim, “Energy recovery from Tunisian agri-food
wastes: Evaluation of combustion performance and
emissions characteristics of green pellets prepared from

tomato residues and grape marc”, Energy, 107, pp.

409418, 2016.

YYYy

[18] Thermometer ST-9861, Instruction manual handbook,

TST, 2012.

[19] Testo M/XL350, Instruction manual handbook, TESTO,
2011.

[20] N. Sato, “Chimical energy and exergy”, Elsevier science
& technology books, Chapter 8, 9, 10 and 11, 2004.

[21] P. Mullinger, B. Jenkins, “Industrial and process
furnaces”, Elsevier Ltd., Ist ed., 2008.

[22] Institute of Standards and Industrial Research of Iran,
www.isiri.org. (in Persian~_ )

[23] S. R. Turns and S. J. Mantel, An Introduction to
Combustion, 3rd ed., New York, McGraw Hill, 2000.

[24] W.M. Rohsenov, J.P. Hartnett, Y.I. Cho, Handbook of

heat transfer, McGraw-Hill, 3rd ed., New York, 1998.



