ANEXO G

VerificagOes estatisticas do ajuste das correlacéescontradas na
literatura para a ascensao de bolhas de nitrogénem fluidos

Newtonianos



Correlagdes para previsao do coeficiente de arras{€p) com
base em d,
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Equacéo 10 :CD:KEJ(HARé) +C§’}
Re

D
Equagdo 11 :C, = (gj(HAR@) +c}
e
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As Equacdes 10, 11 e 12 acima apresentam matrizcoralicionada, ndo sendo
possivel obter os valores de DP, t-student e rdeebignificancia. A obtencdo dos
parametros destas equacdes dependem dos valarbstdenicial e também do método
de estimacdo utilizado e ainda apresentam coetiicida correlacdo quadratica nao
satisfatorios.



Correlacéo para previsao de G com base enaspect ratio e Re no
diametro projetado sobre o plano horizontal
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COELHO ; MASSARANI (1996) — Modificada
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Parametro 0,352 0,085 0,331 3,225
Desvio padréo| 0,183 0,063 0,075 1,575
t(69) 1,922 1,343 4,432 2,048
p-level 0,059 0,184 0,000 0,048
r*(%) 96,15
Equagdo 7 :C —H A jB +CD}E
P 1 Re
A B C D E
Parametro 61,002 3,907 0,916 4,000 0,204
Desvio padrdo| 6,230 1,779 0,936 46,879 0,100
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p-level 0,000 0,032 0,332 0,932 0,047
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1
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r -D

Equacéo 10 :C, = (%}(HAR&‘) +C

As Equacdes 8, 9 e 10 acima apresentam matriz endictonada, ndo sendo possivel obter

os valores de DP, t-student e nivel de significGnci



Correlacbes para previséo do coeficiente de arras{€p) com base
No aspect ratio
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ModificacGes na expressdo de COELHOMASSARANI (1996)

n 1/n
Equagdo t C, :l( :4j +1,33‘]
et

n

Parametro 0,556

Desvio padrao 0,116

t(72) 4,765
p-level 0,000
r%(%) 9,19

C

A
Equacdo 2:C, = {[:—4} +1,3?}

&
A B C
Parametro 11,863 -2,101 0,094
Desvio padrdo| 15 416 2,824 0,122
t(69) 0,769 -0,744 0,769
p-level 0,444 0,459 0,444
(%) 89,26

A B
Equacdo 3:C, = {[—:AJ +1,33“]
&

A B

Parametro 113,042 0,009
Desvio padrao| 339,315 0,027
t(71) 0,331 0,333

p-level 0,740 0,740
r%(%) 68,00




Outras Correlacbes

A D
Equacdo 1:C, = (%j (1+BRe")+1,33"
e

40

35

30

25

20

15

10

-20 0 20 40 60 80 100 120 140 160 180 200
Re

Funcéo ajustada aos valores experimentais.

Valores Observados

0 1 2 3 4 5 6 7
Valores Preditos

Valores Preditos vs Valores Observados.

0,8
0,6
0,4 ©

0,2 &

0,0 § S 5]
02 g, °

0,4 °

Valores Residuais

-0,6

-0,8
0 1 2 3 4 5 6 7

Valores Preditos

Grafico de residuos.



X _
Equacéo 2 :C, (ﬁj (1+BRe")+1,39
e
24" |
Equac&o 3 :C,, (—j (1+BRe* )+1,33
e
24 )
Equacédo 4 :C, [—ej(1+ AReB)+ CD}
24 i
Equacdo 5 :C,, [—ej(l+ ARe® )+ c}
24)" ’
Equacdo 6 :C, (—j +BRe" +1,33}
e
24)" ’
Equagédo 7 :C, [—ej + BReC}
A E
Equagéo 8 :C, [2—3 +CD}

As Equacdes listadas acima apresentam matriz mdicgonada, ndo sendo possivel obter os
valores de DPt-student e nivel de significancia e algumas apresentarambéan coeficientes

de correlacdo néo satisfatérios.



ANEXO H

Dados experimentais da ascensao de esferas em fagdhao-

Newtonianos



HEC — Condicao 2

p=0,999 g/cr
Ps dmedio Vmédia Desvio T
Esfera K n Ra Co
(g/cnt) (cm) (cm/s) padréo (°C)

Polipropileno

5 0819 0989 7,698  +1001 26 0228 091 40,125 3,929
16 0,234 2,797 61,349 + 0,236 26 0,228 0,91 991,730 0,740
18 0,219 2,819 62,879 + 0,449 26 0,228 0,91 1027,042 0,727
19 0,207 3,872 73,653 + 0,277 26 1,660 0,91 332,978 0,739
21 0,164 3,848 60,200 +1,133 26 0,228 0,91 1300,034 1,160
4B 0,925 1,775 6,132 + 0,339 26 0,228 0,91 53,320 4,569

Isopor®
\Y 0,069 3,433 66,948 + 0,915 26 1,660 0,775 269,857 0,929
Al 0,461 3,436 51,376 + 0,395 26 1,660 0,775 195,245 0,940
A2 0,324 3,436 50,266 + 0,698 26 1,660 0,775 190,090 1,218
3A 0,361 3,492 56,097 + 0,494 26 1,660 0,775 220,187 0,933

S5A 0,463 3,480 54,490 + 0,946 26 1,660 0,775 211,919 0,793

269



2T 0,189 3,466 67,479 + 0,256 26 1,660 0,775 274,509 0,813

4A 0,274 2,370 47,317 +1,135 26 0,228 0,91 643,310 0,972

\% 0,080 2,475 54,011 + 1,807 26 0,228 0,91 726,336 1,128

3T 0,225 2,487 47,476 + 0,900 26 0,228 0,91 674,609 1,140

4T 0,201 3,439 62,645 +0,128 26 0,228 0,91 1225,717 0,915

\% 0,069 3,433 76,097 + 0,000 26 0,228 0,91 1512,810 0,727

3M 0,252 3,457 72,327 +1,110 26 0,228 0,91 1440,405 0,646
Madeira

4 0,482 2,376 27,091 +1,470 26 0,228 0,91 351,090 2,189




HEC - Condigéo 3

p=0,999 g/cr
Ps dmedio Vmédia Desvio T
Esfera . K n Re Co
(g/cm®) (cm) (cm/s) padréo (°C)
Isopor®
4T 0,166 2,500 56,419 +£0,111 25 0,657 0,860 331,782 0,856
1A 0,496 2,450 44,094 +0,522 25 0,657 0,860 246,193 0,829
Madeira
4 0,482 2,376 30,840 +0,964 26 0,406 0,91 227,088 1,689
3 0,685 2,379 25,573 +0,832 25 0,657 0,860 128,994 1,494

Polipropileno

5 0,819 0,989 9,495 + 0,667 25 0,657 0,860 19,598 2,583
19 0,207 3,872 72,653 +0,765 26 0,406 0,91 901,212 0,760




HEC - Condicéo 4

p=0,999 g/cr
Esfera Ps dmédio Vimédia Desvio T < . Re c
(g/cm®) (cm) (cm/s) padréo (°C) b
Isopor®
3A 0,367 2,440 40,053 +2,662 26 0,529 0,85 280,216 1,257
\% 0,263 1,493 45,642 + 0,133 26 0,529 0,85 214,946 0,690
Polipropileno
- 19 0207 3872 76844 £0000 265 0397 090 1009457 0,679
21 0,164 3,848 69,910 + 3,660 26,5 0,397 0,90 904,648 0,86
16 0,234 2,797 61,023 +1,554 26 0,529 0,85 511,819 0,752
17 0,209 2,815 69,333 +1,981 26 0,529 0,85 596,002 0,605
5 0,819 0,989 12,474  +0,347 26 0,529 0,85 34,075 1,496
Madeira

4 0,482 2,376 32,697 +0,035 26 0,529 0,85 0,869 217,402




HEC - Condicéo 5

p=0,999 g/cr
Ps dmedio Vmédia Desvio T
Esfera y K n Re Co
(g/cm®) (cm) (cm/s) padréo (°C)

Polipropileno

21 0,164 3,848 34,116  +1,097 27 0,255 0,96 1081,673 1,022
Madeira

4 0,482 2,376 41,936 + 0,885 27 0,255 0,96 437,853 0,914
Isopor®

2T 0,184 3,466 72,964  +£0,720 27 0,255 0,96 1119,164 0,694




ANEXO |

VerificagOes estatisticas do ajuste das correlacéescontradas na
literatura para a ascensao de esferas leves em tlos nao-

Newtonianos
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Correlacdo de COELHO; MASSARANI (1996)
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Correlacdo de COELHO; MASSARANI (1996) — Modificada
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Correlacéo similar a de COELHO; MASSARANI (1996) —com 3 parametros de ajuste
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ANEXO J

Dados experimentais de bolhas de nitrogénio em fllios n&o

Newtonianos



Carbopol — Condigéo 2

p=0,999 g/cr
aspect aspect
deq €M ambos _ dn :
ratio ratio
deg . . dh .
N° . Desvio Vmgsa Desvio  ~ Desvio T
K n Co Re Co Re Re

édio médio
bolhas padrao (cm/s) padrao padrdao (°C)
(cm) (cm)

6 0721 +gQo0 23.740 40970 0854 +gooo 27 1768 060 167039131 1190 43,314 37937

10 1,161 + 0,000 18,443 +0,134 1,512 + 0,000 27 1,768 0,60 4,455 36,572 2,627 42,853 26,637

20 1,367 10000 25374 +1731 1952 .gpoo 27 1,768 060 277166557 1359 82,417 43405
30 1,388 10000 26499 11966 2005 .gpoo 27 1,768 060 2,58067,614 1236 84,309 43488
40 1,746 .goo0 27,961 10000 2462 +gooo 27 1,768 060 291583653 1466 102,809 55 385
60 1,858 0044 32580 10713 2679 .o 27 1,768 060 2285107558 1,099 133967 gg 331
70 1,889 10000 33676 +0gs5 2923 .3 27 1,768 060 2174113781 0,908 147,853 g7 384
80 1,916 .go1g 31889 0150 3.035 .15 27 1,768 060 2459106321 0,980 140,112 g 291
90 1,944 Lgop4 32091 .01g7 2984 .11 27 1,768 060 2464108203 1,046 139,926 g4701
100 2,010 4000 32813 +qga7 3147 +goop 27 1,768 060 2437113885 0994 149,034 g 500
110 2,118 4029 33324 40537 3171 +gg34 27 1,768 060 2490120088 1111 152,989 73990

285



120 2139 10000 33712 10416 3488 +gQo0 27 1768 060 2457122,774 0924 164,637 gg 276

132 2,264 . 0,000 34,612 . 0,691 3,537 4+ 0,000 27 1,768 0,60 2,532129,411 1,037 169,132 75,763
140 2,230 4 0.000 35,192 4 1,090 3,585 0,000 27 1,768 0,60 2,350133,687 0,909 177,745 75,6225
150 2,318 + 0.000 35,722 + 0,846 3,707 + 0,000 27 1,768 0,60 2,371139,721 0,927 185,185 79,537

160 2351 ,opp 37340 0382 3829 +0opp 27 1,768 0,60 2,201149927 0,829 200,899 g3 499
170 2,392 ,opp 35427 +0375 3701 +gogs 27 1,768 0,60 2,488140,737 1,039 182870 g3356
180 2516 +(opp 37352 +0997 3829 10000 26 2206 065 2,354109,407 1016 143,744 3381
190 2500 +(opp 37218 10154 4024 1gopp 26 2206 065 2,356108427 0909 147,742 5g 399
200 2,446 4000 35819 +0o014 4293 10000 26 2206 0,65 2479101782 0,805 145511 49799
220 2536 10097 37565 10008 4317 +0034 26 2206 0,65 2349110904 0,810 156,598 55 625
230 2,756 4 (oo 38688 +1167 4512 10Qoop0 26 2206 065 2403121722 0987 167,697 4129
240 2817 4(qop 37264 +0159 4550 1o 26 2206 0,65 2,648117,371 1015 160,291 g 932

250 2,964 + 0.000 40,134 +0,187 4 561 + 0,000 26 2,206 0,65 2,402134,098 1,014 177,456 76,575

260 2,980 4100 38291 4332 4804 i(0s 26 0877 0,60 2653126294 1,021 172,259 47886
270 2,606 (oo 36672 +023g 4386 +goop 28 0877 060 2529313487 0,893 428426 157844
280 2811 ,(qgp 35537 +1038 4434 10000 28 0877 060 2905313932 1,168 412,664 137 683
290 2,877 L0000 34992 40529 4530 iggop 28 0877 0,60 3,067311,520 1,237 409,054 180674
300 2,800 40000 34501 11729 4530 +go0 28 0877 0,60 3,070300,487 1,173 401,041 163693
cheio 4,319 0041 41094 4(gs3 5952 rgoop 28 0877 060 3,338497,835 1,758 603,467 38805




Carbopol — Condicéo 3

p=0,999 g/cr
aspect aspect
deq €M ambos _ dn :
ratio ratio
deg . . dh .
N° . Desvio Vmgsa Desvio  ~ Desvio T
K n Co Re Co Re Re

édio médio
bolhas padrao (cm/s) padrao padrdao (°C)
(cm) (cm)

10 0764 10000 22327 +0ge 1045 10000 275 0307 086 2001 89,034 1,069 116,556 51951
20 0,804 10000 25290 4+0263 1,068 10000 275 0,307 0,86 1,641 107,228 0,930 136,886 g5 797
40 1,786 10000 27526 0621 2758 +0000 28 0307 086 3077 234,613 1,290 340,914 111113
50 1879 40000 28083 +0g10 2822 40000 28 0307 086 3110 250,744 1,379 355739 124574
60 1,889 (o0 285353 +0550 3.045 40000 28 0307 086 3067 254,653 1,173 383,950 117021

70 1,853 4 0,000 30,019 4 2270 3,085 0,000 28 0,307 0,86 2,684 267,320 0,968 414,398 111,239
240 2,846 4 9pp0 38343 10794 4722 +p000 27 0,307 0,86 2,927 511,059 0,918 789,909 213924
250 3,149 | 0,000 37,221 . 0,356 4,324 0,000 27 0,307 0,86 2,967 538,957 1,574 707,925 312,383

260 3,206 + 0,000 37,744 + 0,986 4,405 + 0,000 27 0,307 0,86 2,938 556,112 1,556 730,848 321,983

280 2,983 + 0,000 39,839 + 0,258 4,734 + 0,000 27 0,307 0,86 2,453 555,879 0,974 826,942 351,184




290 3,036 + 0,000 40,587 + 0,437 5,044 + 0,000 27 0,307 0,86 2,406 576,458 0,872 892,020 240,743

300 2,781 40000 36956 +1088 5000 10000 27 0,307 086 2658 480,398 0,822 795613 175154

cheio 4,002 + 0,000 45,462 +1.566 6,630 + 0,000 27 0,307 0,86 2,528 831,964 0,921 1284,246 349,155




