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Departamento de Engenharia Mecanica e Gestao Industrial

PARECER

O aluno finalista do Curso de Engenharia Mecanica e Gestao Industrial RUI
PEDRO MEIXIEIRA DUARTE CARVALHO, reatizou no INEGI, no ambito do
programa PRODEP, medida 4.3/7/7/92/93, um estagio cujo trabalho se encontra descrito
no relatorio apreseatado com o titulo "Estudo transferéncia de massa eatre a fase

de bolhas e a fase densa do leito fluidizado”.
Durante a execucdo do conjunto de tarefas que lhe foram atribuidas, o referido
estagiario atingiu os objectivos que lhe foram propostos, mostrando ter conhecimentos

adequados .

Face a qualidade do trabatho produzido cumpre-me informar que o estagio

realizado se revestiu de grande interesse para esta instituicdo.

Porto, 27 de Dezembro de 1993

6&a{ \‘JEQ'LW

O Supervisor



INDICE

1. Determinacao da fraccao de carbono fixo
2.Determinacao da massa especifica do carvao
3.Calibracae do analizador de co2
4.Calibracao do rotametro

5.0btencao dos parametros do controlader de temperatura
que controla o termopar ftipe k

6.Construcao do grafico representative da velocidade de
fluidizacao para um distribuidor (dt=8cm)

7.Calculo da velocidade de fluidizacao

8.Dimensionamento do distribuider




IETERVIANACAD DA HASSA ©AEEEA Do (ARVAD
)
3 AMCSTIAS
NETODOLOGIA

l> JEOMNR—SE  HUMELO © € 30 VicONONETRD !
1) PRA-3E O ReOMETRG \(WHD

m =13,2876 g

PiC . VAo

L) ENGHE -3€ o PonOMETO LM AGUA JESTUADA € DR A PEIAR -6
O PioridNETRO € A MEDIR A TEMPEZATMA DA AGA IESTILADA

© Meeq o) = 37,4446 g

cJd=108 my TeRMopAR. TiIPD & ( TRON - LONSTRATAN )

T: 20\{ CC

€ = ﬁq{%’k =

i_LL) 0O WWHE o Gico®mnento OBTEM~IE a0 SEGUINTE  MoD -

-3
= m, = (
M40 (e +#50) = ™ 2ie. mmpio = 241 181507 bg

(OM A TOMPERATUAA  JETEZMINADA  7atta A AGIA € A PesssS
AVBIONTE | AROMRZE - s€E  AS TRBELAS 9E  JABC DE AGuA | OBTEN-

Bo-3 O NALR  Of e\ho Iqua,{ m5J

1oau T=z20,1°C

b =766,9 mmbg % P\&O:Cm'o &‘}’"’5

AN nenTE

, -

m _ 2.4332§ 2

Pleromnerzs = WO - 2,43326 (0 m
Qoo

N



2y DETEMNIAA -3€

A

HASSA  &Fec{Ciia Do KEMOSEWE

i) ONHE -$€ 0 ToONEND (smM XElolene € CesA —s€

-

M o0 + xetesene = 16093 4

Ji) A DOSIDADE ID  KEMOSONE CALCOLA~SE D0 JEUNE  hopg
M pic reer) =~ Mac o

Cece
N

82,6093 13,2546
248326 xS

o

:3) DETEMUANA "X SGANENTE A MASSA EPZIGA DO CARVAS !

.

i {
L) OWHE-SE€ O VEDAOMETIO Com ®EMDXNE € INTARDUE -3 A PALI CULA

IE ALIAD PRI AMENTE  RESADA

My (PATitoiA oM Swiato 8o @1 o) = 00232 4
My { PALTIGRA G ELEVWAD TEOL &4 UnYay)

=

D 06TYS (é,
My ( PATEOIA M BEADD TR Em UNTA) 00720 CA—

) Pea-ag
Iy Pea O UNEUNTD M (o 4 OMSenE + agT )

M (oA AL + PART.) =32, 6128 c;,

My (eics K,CYL.f?Pn'LT.) =32,6416 9

s, ((@C 4 K.+ eani.) - 32,6628 G

A . ,
J)l),., ;DETHU"\\HA- Ye 0O o€ DA AT LuLA  ATILAVER DA iScRLx’S&aQS
SCENINTE

\}?'\L, = \;\oa\,.*\J?P«C\‘.

3 eaes 2 Yoo Mo yeanaeaer ~ Yo yanb ™ M garT,
Q\Lfm;&&lé

N

=
2.S66434 x10 m?
4 S1bb oty

2 33365019 x 10T M3

m?3

N

«D

New.Réfere-nce Tables
Supersedes N.B.S.
Clrcular #561

souon Suml&d CTo6%07 .
i 996404 Cable OMEGA |

. ~130
: ; -120

300

320
330
3«0

330
360
370
380
as0

A00
al0
420
a30

440

aso’
T as0

a80 -

4%0

300

-510°-.

s20
330

540

330
560
s70
s80
290

600
80
420
#30
40

C %0

70

- 880

%0

700
T10
120
-730
Ta0

7%0
760

-8.0%
-7.83%0

=T.459
~T.402

-3,0)6

10,717
11.332
11,887
12.462
12,998

13,5523
1e.108
14,663
15.217
13.711

14.32%
16,879
17,432
1T7.984
18.537

19.089
17,840
20.192
20.78)
21.293

21,846
22.391
22,949

- 23,901

- 280054

26,607
2%.181
25,718
26,272
26,027

- 27, )ll

29,073
29,042

30.210
30.782
31,358
1.9
32.313

33.09%
33.68)
38,273
4 867
T 3%.064

36,006
36,071
37.280
37,093
38.5t0

39.1)0
37754
40,382
41,013
Al beT

#2.28)
a2.922

=T.912

~T.68)
~TeA29
-7.151
-4.8%2
-4.332

=6.194
~5.837
-S.hb4
~3.07¢
=a.873

~4.237
-3.829
~3.389
-2.9
=2.478

=2.008
~1.330
*le0ké
-8.350
~0.039

10.832
11.387
11.943
12.498
12.0%)

13.808
la.183
16,718
15.273
13.027

16,380
18,934
174437
18.039
10.392

19,184

19.69%-

204247
20.798
21.3%0

21.901
224433
23.006
23,956
24,109

24,662
2%.217
2%.772
- 264328
25.883

27,684
2e.00%
24

29.132
29,098

30.267
30.839
31,413
31.991
32.571

33.155
33.742
34,332
34,928
33,526

38.126
34,732
37.341
37,954
38,572

3e.192
39.817
a0,408
a1.076
al1.710

a2,.347

2 3 . s L T ] b4
THERMOELECTRIC VOLTAGE IM ABSOLUTE MILLIVOLTYS
- Rtrgm——
1934 =7.953 ~Te976 =T.99% «8.017 ~-8.037 <-2.037 =-3.07¢
-7.707 =7.731 =7,733 -1.77% -T.801 ~T.0468
~7.453 =T.s82 ~-7.508 <T.53) -7.359 =T.634
~7.180 ~7.288 =7.293 -1.37%
3 -6.,974 =T.004 ~7.064 =T7.093
-6.565 —bebb) =5,693 -6.T27 -4.738 -6.7%0
~6.228 =$.263 ~$.297 -4.331 6,385 -6.399 6,833 6,06
«3,876 25,910 ~5.%e6 <~5.982 8 -6.033 ~-6.089
-$.202 «5.540 =-3.378 -35.61% -5.4%0 =5.727
-5.115 =5.153 =-%.19% -3.23) 5,311 =3.0s0
—aTle =4,733 =4.T93 -—a,.834 —a P18 -a.938 —A.9%
~0.299 A 081 -4.383 -A.828 wh 86T -A.508 -4.330 -a.391
-3 872 =3,91% -3.938 -—4.001 8,084 4,087 =4.130 ~4.172
23,833 =3.aT8 =3.522 -3.566 =-3.610 «3.654 -3.898 <=3.742
-2.984 =3.02% <=3.0T74 -3.120 23,169 ~=3.210 =3.23% <-3.299
2,524 =2.570 =2.617 -2.883 <2709 -2.7%3 -2.401 ~=2.8a7
22,098 =2.102 =2.130 =2.137 2,244 -2.271 -2.38a
“1.378 =1.626 =-1.676 <=1.722 ~1.770 ~-1l.018 ~1.713
-1.093 =~1.1a1 -1l.1%0 =1.239 -1.238 -1.336 =1.433
~0.690 «0.,650 =0.69% 0. 748 =3.798 =0.847 -0.89% ~0.945
-0.191 "-0.1%1 =-0.201 =0.231 -0.301 ~0.331 =0.401 =~0.a31
2 3 L d b . 7 3 ’
9+101 0.151 0.202 0.25) 0.03%6
0.609 0.6860 0.711 0.T862 0.787
1.122 1.176 14223 1.217 1.a0a
1abs0 1.4693 1e3a8 1.797 2.00¢
2.163 2.21¢ 2,263 2.321 2.532
2.783 2.79% 2,849 3.062
3.27% . 3.59%
3.809 4.132
a.387 a. 871
A,588 5.213
5.431 5.758
5.97¢ 6308
$.523 $.052
T.072 T.402
T.822 T.T87 T.933
8,178 0,339 8.450 8.505%
8.726 ] 2 9.003 9.058
%.279 Ponbb 9.45%8 ?.612
9,834 10.000 10,111 10,166
104333 10.388 10.6aa 10.497 10.353 10.610 10.s86 10.721%
10.880 10,943 10.99% 11.05+ 11,110 11.365  11.221 1. 176
11.443 11,498 11.53& 11,609 11.643 1l.720 11.77
11.998  12.0%4 1Z.109 12.16% 12,220 12.276 12,331
12.8%3  12.609 12.684 12,727 12.77% 12,031 12.397
13.109 13.144 13.220 13.27% 13.331 13.386 13,482 l! a7
13.664 13.719 13,773 13.830 13.886 13.941 13,997 14,052
16,219 14,276 14,330 14,385 1s,ea] 14,496 14,532 1s.607
14,774 14,829 1A 083 16,940 14,993 15,091 15.10¢ 15,182
15, I!l 15,303 13.439 15,49 15,330 15.40% 15.681 13.71¢
15, 15.938 13,993 16,060 lé.lce 164139 16,218 16.270
16.436 16,491 16,587 lsas02 16,857 14,713 16,768 146,323
1T.086 17.100 17.1%% 17.210 17.284 17.37¢
17,397 17,433 17.708 17.818 17.92¢
19.1%0 18.20% 18.240 18,371 . 18,481
702 16.7%7 18.81) 18,923 18.978 19,033
19.199 19,288 19,309 19.3ea 19,620 19,475 19.33C 19.333
19,791 19,8506 19,361 19.91%  19.971 20.081 204137
20.302 20.337 20,.e12 20.067 20.520) 2026337 204683
20.333  20.909 20.%64 21.01% 21.07+ 21.18%  21.2)%
21.403 21.460 21.313 21.570 21,62 21.736 21.791
21.9%6  22.011 22.086 22,122 224117 22,232 22.287 22.382
22.508  22.58) 21.418 22.613  22.72% 22.78%  22.8)° 22.994
23.060 23,1135 23.170 2).22% 23.280 230391 2I.608
23.612 23.867 .23.722 23,777 23.0%) 234943 23.997
28,166 28,220 24.273 24,330 24,368 T 280496 240532
260.T18 24,773 28,029 24,884 24,939 24.%95 25.05%0 23.108
295,272 25,327 23.333 23,438 23,88 29349 Z’.t.l
©23.827  23.883 23,938 23.99% 16,050 26,109 1 21
26,303 26,839 26.593  24.551 26,006 26,662
26.981 26.997 27.033 27.10% 27.1e3 27.220 21.274 21-3)1
27.%500 27.5%% 27.612 217.726  27.780 27.836 27.393
L20,061 | 28.117 28,173 & 20,347 204398 23,4538
28.624 28,680 20.734 20.%04 29.019
29,188 29,2a% 29.301 29.338 29.M13 29,471 29.%28  19.385
29.7%% 29.812 29.926 29,983 30,009 30.096 3Q0.133
30.328 30,381 30.43% 30.4%6 30,533 J2.610 30,447 30.724
30.896 30.9% 31,011 J1.068 31,126 31.183 31.2s) 31.298
31,871 31.328 31.386 3l.bas 31,702 31.7%9 31.817 31.873
32,068 32.106 32.1se 32,222 32,290 32.336  32.396  12.45%
32,629 32,687 31.7a4 32.804 32,382 32,921 32.97% 33.038
93.213  33.272 33,336 33.007  I3.Ae8 33,506 33,363 3).81s
33,800 33.8%% 2J3.018 33.977 34,036 34,095 34.1393 3a.214
34391 3a.a0l JA.310 3549 34,029 3608 3A.Ta3 34,807
34,988 33,046 J3.109% 35,165 35,223 35,203 I3.344 33,404
33.38a 33,045 33,708 35,764 35,323 35,885 35.9a3 34.00%
36,186 36,247 36307 36,360 36,420 36,089 Jb3AY 36,610
36,853 Je.¥is 36,973 IT.038 37,097 37.159
37,4643 37.323 I7.386 37,647 37,709 I7.770
36078 38.13% 38.201 34,242 38,328 38.306 JA.048
38,695 38,737 38.8l9 38,502 38.%as 37.006 39,088
39,317 39,379 IV.M2 395068 39,5467 39,829 19,492
39,902 40,005 40.088 40.131 40,193 40.31Y
20.371 0.838 AQ.69T 80,780 40,823 40,886 40.%%30
41,266 41,329 1,393 al.aSe 41,520 a1,933
A1.337 41,901 41,963 42,028 A2.092 42,158 AZ.219
02.811 A2.ATS 82,338 A2.402 2,44k 842,730 A2.T794 42,238

)

~8.09¢

=T.8%0
=T.63%7
«T.402
=Te122
~6,021

—hoh?Y

«3.034

-4.432
-a,21%
~3.783%
=3.34a
-2.8%2

=2.631
-1.980
=1.s81
~0.793
~04501

10

8.560
9.113
v.h67
10.222
10.7177

11.332
11.887
12.442
12.998
13.5%)3

1a.108
18,643
15.217
13.771
160323

16,879
17.432
17.904
18,337
19,009

1%.840

29.642
30.210

'30.782
31,335
31.933

38,310
3%.130

739,738
20.302
a1.01)
1,807

A2.29)

a2.%2

10

o6 €

~118
=100
o

1%

T T L)



) QETOMINALAD DA resn &ERCEKA 2o OACED
e _ Meseuoia
R

AL LOLA

()‘ = 904,034 &%(mﬂ
(2 =1494,478 L%[mﬂ‘
()g) =3033, 303 L%‘mé

Obs. + bz © vetosene = ftna 4 GALANTIR A (QOALDASE
| d 2 = \.} ‘\" \s L
N cXONETEC werooene AT otA

\STO TAGUE O XEIOSENE  oufoy TODLs D EVALDS (\“WBEI’D@Q

NS NA PalTicia 20 ALWVAD |




Dz"’go,mm%‘o DA HACAO DE  (aRepnNO SivO

b MMCETRAS 3 om TEor clevAbD e GRA (B =4 mm)

5 on TEDL ELevApo em Cagnono (¢ =3mm)

NETODD LOG LA

i) TELAM - SE DS AMCETRAS IEPOS HE CETADD C YA e \AQQA NoHA

NUFRLA A IS °C  aNTE 40 A IS mun,

CLEVADO TEDWL.  GNTA LaVADD TEol (ARoND
mCP(D+‘nPPr(?.\’ = 21\0{45— % Meap T m?m‘r = 2‘5.6664 %,
m?mﬁ’(AJL,A = 0\0400 q, M PARTILOLA - (O\C‘ 217 %
Meap ¥ Dopr = 25,3090 G MNeaod Momer = 2406979 G
NCap = 25,3368 ¢ Mcap = Z4,613¥ g
MNoparicoia = 00722 G Nopetiooa = 010205 4
Mead + P pagr = 14,9900 G Miag © Memer = &0 G
O =14, G252 ¢ M Can = 4,991
’m;)m(\’()jm = Q !0(949 C’r ) ™i ?A’Q:\_\'())LA = C{ OZO(O Cé‘

o
2) inNTRODUTEM-S€  AS AOSTRAS  AuwA wOFLA A 9TD C  DutAnTE

5@%‘)



3) REERTE-E O oo A)

Mao* Miinga = 209830 g Mean T Meinn = 25,6481 g
MeNEA = 0,0130 ¢ ™M CNa = 00034 g
® ®
"ad ¥ Ttinzn = 28, 1776 q. M ¥ Tlonaa 2 24, 6301 q-
Map = 25,736% ¢ M Cap = 24,6334 qg.
Moinea = 0,040% g ™ Conen = 0,0027 g
® ®
Meap + M = 142638 ¢ Mias T Maaa = 14 9944 9.
M ON YA — 0,0535 a, UATSTNETN = 0,C033 C}—
RSSOLTADLE
m4) =  MASSA  DE  AREDD FHxD + CGintA
M5) = Visse D€ Gnya |
OL;d 0 (aReont Guwo QuaimA T AA YWWRA A 9GS0 °C dutanhe
3 HONLAS

$CF ( Fracas  of Lweonc Civg) — RAPESLLS /.
™) :

©)

CCF = 844 %, (antm o)
| €CF = 4387 (unta o)
© .

fCF « 4l . (Cinta dua)

©

Ccf 2 %433 )
@ fere 3633,

@ £cz 34Z

CAUBMALAY Do ANALAAIDT ¢ o,

) INTOMESE on cruoal Quataoen, o€ Nz (AToD) no AnAd zascr.
€ ACERIA-S€ © Wwo NDp HMANPULS DA & Gue

2) NEDE -\ O\ CAUDAL CONHELDD  DE O, LL

. \ (o ) No rEaoesw
OUMRS  (AVA  Com  SamAD ) ¢ :

t( = \7‘6)5 A
t; = 7,85 4 =323 4
7{:5 = T .30 4
_ 3
W, = 0em® 1231 o3/,
1
3) NEME-E n Cavdac CoNEGioe Be Ay AUM ROTAMETRO 2C iSO - &
Fos To }\ u
’#)CM,(E).LM‘GL\\G) =l >z e

T=15°C =289 K

%::D‘-A = 767 .% mm\&%,
|~

™A = 294 K

uNZ: 34, 38%F « 760« T4

5,252 wm¥ A
#mA 23Y

M



(AUBAGD Do ASTMETED

AOTAMETRO —> GA — 18-

1) CESAD  OF CAUBALRD = | lan (ELATWD  —P 2 lan  ABIOWTO

W eniR \ PLESHS  AMBIOlTE = AW 3 mmbg
U AMBIENTE = Z2e°C
~ Nz €
oA e € ' -
. * X(/OZS — \((,Oz‘c
() - X, <)
XLQZ.q 2005 /. <= o0008 ( A »ﬁmc&ﬁ{'m@)
N, 6= Jow?® _ jo L 25 andp
1 T' - Z
v
{\ _—> 4;0
&7_ —= 4.1 L —
Yty = 4. S Xl
{A — 4;0
4 L o
\;ubﬁ i\ N\ﬂ}@
Nae - 25x 4 o
Q\Cq\(—’\c\\&_ N
Y . -00eo¥
. (,v)_‘,
("*002.55
Pos ACTAMETO JO 20 30 Lo S0
‘\zz 0\_7)2 D)bq( O(ﬂ 01“5

X(Dl \&m’DA [/3

Upe , emalomin) | 280630 299 STA 413 4 SB,449 0 EST kb



WL TAMETS 60 Yo 20 A0
Y(Dz CSATDA [/] 0128 0,23 e g 29
U ovmnon Lo} | 3403 adatt 99000 (0R3, N3

EES (Mol TASELADOS  erlconTylam- €  REPIESENTALOY
NN oonva \‘A —_{\ \9533 QUE €M MHKGUIDA £ AnExA |
i



Dﬁe{g@ 305 TPACANETIS 30 (oNTIOLADGR.

A TeMPELATA QX TR O TERMoPAR  Tifn WX

1) 0 SETeMA  CUTA TEMPMATULA  SC PUETENLE (oNTTLOLAR  CARACRDL A3
DA LEGQINTE  FotmA
« EITO 26 AEOA (o ALTURA B = 20 m
¢ CENTIDD € TUBO  CEMAUAR@ B DANETZO D = R (o1,
. DIAMETRO MEDD  Das PARTILULAS O ALEA <&

3

o efT mm

,LL> L0 CEDWMENTD
INJETA ~SE UM UTUDAL  (ONHEGDO O€ AR Que FATSR ASSIM
PATLAVES DO LETO . UM TERMSPMZ ACCAADD A UM (oriTLSLADTR,
€ TEMCATOLA NEDE A TEMPETATULA 30 LATO QUE VA e

PO oNTAUAMENTE  LEGISTADA  ACk  QEGi3 TRDOIZ..

i) RAMAMETILES  Bo  (eNTloLADoR ey AD  SLESCEive WARAL -

- ONDICTES  WIGARS
\

o= 2
‘b‘ =  €ON
kA = ¢on
Ap= 2
ez 1o n
Hi= 24 /-

o (oNGDENAR. QUE O SETTONT PLETENDIDD € € acotC
AR O CLODADD B NNCA (DWAR (O IAAMcTRe HL  AGmA



+)

TAUAMETAGSS DO Lo ™MTLADGR.

VMOES, ofTIDOS tom  (COMUECSES [ SmDARD 210

ROTAMerR o CA- 180 -C (egenn  ac ALO)
?DS*\‘C{&( 30 ’
BEceAD =4 ban ( cecamiva) =

Z e [
D€ LAUIALAS C‘I’)’*Eﬁu{’a
}

W) LESKTADSS
= to mm/eu
?b““‘ 2/ = 25 x)oo
VAN

o= 7260 = %004

- L = %o 4 —= 200 4
M = 2

He = Jooa

Hy = 247
43y 3te = 4% hoas

[0



CoNSTLLAD 30 dGio RePLESETTIVO DA JELXIDADE
A AWIDACAD  IAA TREIDSR. vy db= Tom

UNUERNDD s ASTANETLOS A -8 -G 2 A -18D- S5 € (oM ®ass

Nos,  @EUS G ATLoS ( Pof,i(,fﬁ Qovh . [/ L CUY\B//))> C,of\x‘afm"'é‘g UM B TRGELA
DE  VELOUTBARES THL VAACAD DA ?os(bf\’i) os  ROTAMETRES | (AlA VALD
Lez,  omREedDides  eTE \S ¢ 0.

7 —
Cervaeancss = oo mmu%/
A

TW!’:-:MCQ:J = Z20°C = 2A2 X.

?TTL%AU&—D = Yeo mm\—\%

T itamans T OO C < \2Z3 ¢
W (emin) = U (T=2cC) , Zemdoracdl  “uamatd
A TreABALC Tona B2ACAS

~ ~ / ) {'
A = S2.68 0‘“‘2&///*;@ S

N
2OTAVMETRO A — 150 - S

Qos\c‘/f) \:L (‘(Jrnj/o> W em [4) AC [ nm U—Z'D>
/
70 365 erze T gag
£o 9¢8 7 80
(3¢ 7Ry elRRY 230
K1Y 46§ 36,94 2§
30 420 32,66 265
25 36§ 23,3¢ 2658
20 210 24, 1) ALY

15 25§ 14,83 23%



RoPMED  GA- 1So - G

?ob«L)A’S S\ ( Lm3/a) (emin) o

<O 255 19,83 L

45 28> 22,00

4o 225 S

38 195 b

20 1Yo (3,22

7AS MGy 2>

20 110 R

N ¥ 3.9

05 (ARG  SEEUNTEL  APLESEWTAM A (utvre Ul = 5? ( a)

LESULTARnNTES IELHTAS ORSELVALES  EXPEUMENTANS .
)

@\9{) A Srmf'xrr’\ DEAVMETADSE s VRLCLES
2 50 PO ACTRMETRD (A -{SO —S
Gaanpe \:R{L\\Acef DA Tem

- \jg(uw 38 QoE Mt AUMENTD D;m vtwuwx’bé DYALV\&“U CHMA

MATSIL A@n&rm o

i

\

ua‘D

i

LELATIVES AN o

FRlATUNA |,

NG (mm l\—20>
239
759
VARY

23§
yAYe)

133
(&

126

DADC  QuUE

MGEEN W
1)
‘C



[ )

Y

|200

0

ls00

jq,

{00

Hi
.“ L ; . 14 {1 g .. b SERREIREQURT § B!
_ .
i i it
it =
11 |
1 $ - 4 -
w _
! !
i 4 - w
i i
_ e :
' ﬂ_n | 1 _~
¥ b 4 » L H
)
i ! ! )
b i
]
il
1 . M
.. 1] | 4 b . }- $ 4 _
! ik
1 ; L H s
! : i _ Sk
i m : oot i L
SR il HHHI e
il _ i _ _ _ L
T i ! ! T
.u L THHA T i i il
! L | ! [ |
: P atin ] h t
; il M _ Hi , _
i i i b N :
! | | j il
1 T i i _
s 1 _ Ls i i L 4114 m
iy | !
L i | _ _ "

[ e a——

-

jejubpupagel

[Eu¥5

B s

Pl e p v g e

02




CALLLO DA JELLODADE I Lol DIRAc-d

13 x(M@>Z+ 50 2 ()= Emp) x‘<

Fo E vl B

gmf - :Jf.& ~- 04

¢, = 1.0
f/) = J&CT ‘lz%/mf)

AdE = 8 tm A= 0005368 me - £3,68 on?

©= ) bav = 10° N|m?2

2¢°C = 243k

T —2 geeC =173 K
14 | groeC s1z225¢
Cle0etC =233k

R Tt
(qf’ R, T o fye =

ApxUmfx (4

)-

/J



NELCUDADE  DE Lo bl FRD

DA

= (2500

(ALoao

’

DRTIDOS —

<

y.O =

(o 0x199t7)

Mﬁhﬁu 20— Q097 ) v gl <ﬂ03 o)

el

f1

A P R o

i/ 199 'ty = ef

2w/ N 5

o)y QY3 Y = ol
-

ZWIVN o_xowwé.n?\«

hl,

viwd of = %33

VI e98.sl ‘o * .WEJ_

4 \
Ao,oi,.@,,w:.._\ gniaval M 5.0 ALY gh'o”s
S ey \ T a0 T TTraE A B Rvrroy il M
g SRt any (VA F T SN sszevant Sk
I
nz_ld zlo «mﬁ Jetel = 7
Q.Eiﬁ 5820 Nﬁ& Sezer =
mrﬁ:ﬁ ¢\Q uz\mumL N M_,
\@ | \mu*v
gla ooy T = 0 ACL7 =



CALLULO 3A VELDGDRLE O J?wibim,ﬁ?)

— ReSTANTES  ReELVLTADES. —

b\m?ﬂ = 449 wnip
bd, = 1602 tois
Um4€4 = {0, €2 wmin

Um,ffb = 153% emia ( I™ cALouabe AWA[;)



DNCNSIDNANENTD Do DUSTIUARMDIDOR.

T =950 C = 1223 K

TALOCEDNENTD !
L) OeTEzriNAal 3A QUEDA D€ Paecal NECESd U ATANES O

DISTYU B D@,

- ! : 2 .
Q\D&mm max( ol »8b 38 um IO ) oo x Mo' >
- '
) (ALWo ¢ U i
) O DC Advete O€ REYAILDS € wEu@car OF (A
~ PN ' !
(8o GaGw fri(%\z. , % ¥

Qe = <t Al
/;/l

- « o !
ML) Mllors 2 Uen = CA' x < Z¥ g}g,x /\\k& 2
£o

¢ Lo oy — ( TR Foa ooy
Lon Uk Ao
Apn
. P - "~.\‘
— 2 ‘
/(A.O = t X fé)()'\ < L(Q/Lx /\Jrc,z
- B —
}.\J‘ > /\\)[':/"Q’ - M z ( DFU‘F{r_Ab_i. ) \ RAs ({4‘
Tox A&F e
&
—_— 2 ' L
U x do . AR Do odTusudoR.

&



DNENSONAMERTD DO QTla)] DR

({ESUAIARDOS

Db Lmp ()~ EmD)y (G- (3) e

Lm£= 2o (G agl
Ef - o4
MO(L AR
Y = 2)0)(\0—2>1<}—-014>)<<Zéco—-012?§> X _9_'731 — 3060,4 Nym?

(7% = 0,235 %({ma
Fﬁ = 2600 )K?lma

A«};ég = O lx A‘F = 3064 dimz

L) Re | -t Cg <L _ 30x1G Tk 0n1Sx2x0SER. _ {SAR
L

) 43,664 10~ ©

L, = U‘ngz - 2x0458F MmN
At = &c = T mm

.o ) \ A ff; \I
LUA) Ler = Op « (ﬁ_‘,ji‘f_*_‘ﬁf;> T o_ o} X<M>Lc 32,5 mA
b

0,288

, \
ki = 2000 - Cd = 0t

Lo = 2x015® - pg57 <107
WUon 32 4§32 8%



UMNSITNAMENTD Do IGYUAL: DR,

L& TADOS
\ we x4 x A V24 x5
I\l‘ - /s * = ! X(O
Oa = — Z -,
,/L(C‘r\. FETIED 6901_ &OZ
A
(io’\, Q!’ﬂ) | 0.0 Ol Tl 03 A4

T = — :
Noy ( Pessomd 486 A28 037 0,138 003

SQQQCQWM\;QD o’hg‘urfa &wﬂa:iawﬁ W&T“u neo QU\QlI .
¢} MALS cgr_ i,vsmh(‘wu,t‘j. 761 C’L(‘-«_Q ,O.C,QQ ¢‘;}~¢QV3
s AL (\»u\c /Oou\ajgo hczﬁ:n\ c‘\,(?,,‘ MO M Lot e?v.x_<'c'<r
J'\\if’sutoux (QC‘ C‘dé!.o .

Dadea er cowridiauts =S QL«GO o _Adaccss

/ «
wa)  Convead et mad,
& = 02 uw
/\Jo\_"" Cé1 /O"Y] 2



!

e e abipe e

[ v

mV

- 25%

s
—

B S




R ST

ki

PRI

R

R

e AN Tl e

g

s

i T

d
=
S L
{1}
v, - A | - q -
N G606,
q 4 ¢

.

1Le

[ —

i




%1 FACULDADE DE ENGENHARIA

T



